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This is the archive of the joint operation between the Department of Food Science and Nordic Food Lad
in the years 2014 to 2018.
Nordic Food Lab (NFL) was founded by Claus Meyer and René Redzepi in 2008 and was initially located
on a boat moored in the harbor near restaurant noma. In November 2014 NFL became a part of the
Department of Food Science at the University of Copenhagen (UCPH FOOD) with the aim to bring
together gastronomy and food science. NFL continued its mission to explore the gastronomic potential
of the Nordic region using creative thinking, culinary preparations and small-scale processing to
discover the unique flavours, textures and appearances in dishes and foods, arising from the collaboration between chefs, pioneering interns, students and scientific staff.
For four years, UCPH FOOD and the NFL’s Board of Directors have jointly operated NFL, and the
collaboration has led to many exciting results. As it proved difficult to obtain shared external funding,
the self-governing institution NFL has been closed down in 2018, but the gastronomic innovation
initiatives will continue in Future Consumer Lab at UCPH FOOD.
Future Consumer Lab works at the intersection of food science and innovation from a consumer
perspective. The research aims to contribute to sustainable food development, more circular and less
wasteful food systems, food design for different consumer groups and gastronomic exploration of new
raw materials. Maintaining the creative spirit of the former NFL, Future Consumer Lab supports gastronomic innovation from ideas and product concepts to new solutions for the food sector. In collaboration
between scientific staff and affiliated partners in gastronomy, students are encouraged to unfold their
ideas for new products and sustainable food solutions in an open-minded, innovative and entrepreneurial atmosphere.
This publication - that you are now about to read - contains the information published from 2010-2018
at the webpage of former Nordic Food Lab.
There has been no editorial work done regarding the content - text and pictures corresponds 1:1 in the
publication to the content of the web.
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The Velux Foundation supports major projects with cultural,
environmental, social or artistic purposes. They are funding our
insect research through the project entitled ”Discerning Taste:
Deliciousness as an Argument for Entomophagy”.

The Nordea Foundation supports non-profit and charitable
purposes in their activities to promote good living. They are funding
the SMAGforLIVET project, of which we are a part, which aims to
improve knowledge of food, cooking and food systems through taste
education for children and adolescents in Denmark.

Present Partners

Jacobsen is a Danish craft beer brand brewed and bottled in the
original Carlsberg brewery founded by I.C. Jacobsen in Copenhagen.
The Jacobsen brewery is fueled by a passion for the craft and
constant high quality, striving for perfection in every brew. All
Jacobsen beers are developed with a link to gastronomy, where
the perfect match between beer and food is a central part of the
development process.

WHO WE ARE

Who We Are
Nordic Food Lab is a non-profit, open-source organisation that
investigates food diversity and deliciousness. Established in
2008, we combine scientific and humanistic approaches with
culinary techniques from around the world to explore the
edible potential of the Nordic region – the flavours that say
something about us and imbue the foods we eat with a connection to this place and this time. We work to broaden our
taste, generating and adapting practical ideas and methods
for those who make food and those who enjoy eating.
Nordic Food Lab is the brain child of Gastronomic Entrepreneur Claus Meyer and Head chef of noma René Redzepi.
We are part of Department of Food Science at University of
Copenhagen.
Diversity is our starting point and our goal. It forms a loop of
feedback mediated by ecology, necessity, and appetite. There
is no single food that can nourish us on its own. The pursuit of
good food is in itself also the pursuit of biocultural diversity,
the pursuit of a future where everyone can not only eat but
eat well. Diversity – of autochthonous genetic material, of
organisms, of cultural practices, of ideas – is what keeps our
world at its most resilient and robust. It is the cloth that weaves our fates together and upon which we share our meals.

Yet infinite choice can be paralysing. By acknowledging geography as the foundation of gastronomy we give ourselves
limitation, a constraint through which we gain freedom to
experiment and play. Exploration of our edible surroundings
offers a possibility to create foods that speak truly of their
birthplace and their future.
By taking inspiration from humanities, sciences and arts, we
undertake work which other research facilities, rooted in one
side of the arbitrary science/craft divide, might not attempt.
For example, often those working directly with complex foods
at an artisanal level understand little of the biochemistry,
and those who study them at a biochemical level have little
applied knowledge of gastronomy. We seek to put these approaches and their experts in dialogue, using modern and
traditional methods to combine craft and science for delicious
results. We share our work with home cooks, chefs and industry to offer a multi-tiered contribution to the threads of the
Nordic culinary fabric.
Our research is open source. We collaborate with other projects locally and internationally.
Our work is supported by independent foundations, private
businesses, and government sources.
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Nordic Food Lab to become part of the
Future Consumer Lab at the University of
Copenhagen
October 12, 2018

Chairman of the NFL Board Claus Meyer and Head of UCPH-FOOD Anna Haldrup, pictures by Thomas Grøndahl and Claues Boesen.

After four years of joint operation of the
Nordic Food Lab (NFL), the NFL’s Board
of Directors will transfer the entire NFL
to the Department of Food Science at
the University of Copenhagen (UCPH
FOOD). The self-governing NFL will close
down, while its activities will continue
as part of the Future Consumer Lab.
For four years, UCPH FOOD and the NFL’s
Board of Directors have jointly operated
the Nordic Food Lab, whose task has
been to explore tastes and foods from
the Nordic region. NFL was started by
Claus Meyer and René Redzepi in 2008
and it became a part of UCPH FOOD in
2014 to bring together gastronomy and
food science in the exploration of taste
in relation to, among other things, resource utilisation and sustainability. The
collaboration has led to many exciting
results and, while the self-governing
institution is closing down, the NFL’s research into taste and sustainability will
continue in the Future Consumer Lab at
UCPH FOOD.

The creation of NFL in 2008 was the
result of an idea to raise the level of
ambition for product development in
the food industry by involving chefs in
the conversation between the university’s basic research, agriculture and the
food industry. The aim was sustainable
and more palatable food products with
stronger entrepreneurship and greater
innovation.
“From the perspective of the board of
directors, this mission has been accomplished. Therefore, we are now transferring the activities of the Nordic Food
Lab to the Department of Food Science
at the University of Copenhagen, which
will continue the tradition of close collaboration with the world of gastronomy. Over the years, Nordic Food Lab’s
employees, interns and students have
created an impressive amount of knowledge and their activities have attracted
international attention and inspired
similar environments elsewhere. The
good news then is that the University of

Copenhagen is not alone in managing
the legacy,” says Claus Meyer, the Chairman of the NFL Board.
“We would like to give a heartfelt
thanks to Claus Meyer and the rest of
the Board of Directors for the work they
have done over the years. The NFL has
especially contributed to the exploration
of new raw materials in regional contexts with respect for resources and societal cultures in a way that has helped
set the bar higher for both gastronomy
and food science,” says the head of
FOOD at the University of Copenhagen,
Anna Haldrup.
She continues:
“At UCPH FOOD we aim for an even broader approach to gastronomy, with even
deeper roots in our food educational
programmes and research. By collaborating at all levels with both Nordic and
international partners, we are uniquely
placed to come up with solutions that
contribute to positive social develop-
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ment when it comes to food production,
gastronomy, flavour, sustainability and
public health. We are also very pleased
that the NFL is assigning its assets to us,
which will benefit both researchers and
students at the University of Copenhagen.”
The Future Consumer Lab at UCPH

FOOD works with food science from
a consumer perspective. The research
contributes to sustainable development,
including improved public health, by linking consumer food preferences to the
development of new foods. Gastronomy,
taste analysis, sensory science, consumer analyses and the dissemination of

Fresh Cheese
June 30, 2010

In the process of making our Søl ice
cream it occurred to us that we might
be able to produce a savory element
utilizing a similar inception. We cold
infused a liter of milk with the same 30
gram of Søl overnight and set out to
make a fresh cheese. From a nutritional
standpoint this is advantageous as
many of the beneficial vitamins, proteins and polyunsaturated fatty acids are
water soluble, and because of the low
cooking temperature, should remain
intact. This test was a success.
The taste was mild and pleasant, with
the slight acidity of the fresh cheese
providing a counterpoint to the rounder
seaweed flavors. The floral notes were
Fresh cheese after some eager sampling.
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enhanced and the damp ”fishy” pungency that some find unpleasant was
subdued.

Søl Fresh Cheese

· 1250 g organic milk, cold infused with
Søl for eight hours, strained
· 60 g cream
· 25 g buttermilk
· 5 g rennet
· Heat the infused milk to 33c and add
remaining ingredients.
· Pour into a plastic container, cover and
cook at 33c for 1 hour 25 minutes.
· Cool down with the lid slightly open.

knowledge about food and consumers
are important elements of the laboratory’s work.
With best regards
Claus Meyer & Anna Haldrup
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Turnip Evaluation
August 20, 2010

This was an early evaluation of turnip
varieties we received form NordGensort of a bonus as this was actually part
of another project that those fine boys
were working on. We boiled, roasted,
pickled, fried, dried, confie and juiced the
turnips.
Unfortunately, there were no great standouts. That is how this process works
sometimes. We are going to give them a
try next season, so that we can taste the
cultivars at a very young age.

Søl Ice Cream
August 25, 2010
We were extremely curious about trying
a seaweed ice cream. While there is
some precedence of using seaweeds in
dessert applications, primarily in Asian
cuisine, it features far more predominantly as a savory ingredient. After some
tests, we settled on Palmaria Palmata
(Dulse, or Søl) as the most likely candidate, for the often flowery aromatics
and slight liquorish hints in can impart.
We chose a cold infusion into milk, we
were not looking for robust, deep sea
flavors, but rather the gentler fragrant
notes that makes this seaweed one of
our favorites.
One liter of milk with 30g Søl, cold infused for eight hours. We chose a simple,
light ice cream base that would not
need to be cooked, possibly altering the
gentle flavors we were looking for.

Søl Ice Cream

· 600 g milk, cold infused with Søl,
strained
· 100 g cream
· 80 g trimoline
· 35 g sugar
· 24 g thick and easy
Dissolve the sugar and the trimoline in
the cream. When cool, combine all ingredients, thoroughly mixing and freeze in
paco containers.

infused only ice was the clear victor. The
flavor was light, round, and quite the
delicate floral hints that we had been
hoping for. It was also oddly reminiscent
of green tea ice cream, in a pleasant
way. The Søl incorporated version was
murky, muddy in a more of a just damp
seaweed sense.
Strained, cold infused the clear winner.

As an added experiment we took the reserved 30g of Søl from the infusion and
incorporated into one half of our recipe;
would the actual seaweed be beneficial?
After we spun the two ices there was an
obvious visual difference- the infused
only version was white with only a hint
of color acknowledging the flavor, while
the other brightly celebrated it’s ingredient. On tasting however, the white,
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Nordic Gene Bank
September 22, 2010
We are collaborating with Nordgen,
the amazing bank of genetic material,
to evaluate the gastronomic potential
of bygone varieties of Scandinavian
produce. We will publish our sensory
evaluations as they are completed. This
promises to be an extremely interesting project; many modern species are
produced on other merits besides flavor,
and we expect intriguing findings.

Nordic Dashi
October 22, 2010

larger successes. We are continuing the
tests; the perfect stock is out there.
We made our stocks sous vide, but the
recipe will work fine in a pot with a
kitchen thermometer.

Søl Stock

· 1 liter soft water (Danish tap water is
too hard to extract glutamate from the
seaweed)
· 20 grams Søl

As part of our seaweed project, we have
conducted rather extensive rounds of
various stocks from Danish seaweeds.
After some early exploration we settled
into a dashi style method of preparation,
finding this provided the best balance
and flavor but avoiding unpleasant
aftertastes. We ran the gamut of Scandinavian types, concentrating on Danish
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varieties from our excellent producer
Rasmus, of Marifood. The søl stood out
with a clean aromatic taste and we
set about boosting the umami. Good
success was had with chicken in various
incarnations (sauted, roasted, salted,
smoked etc.) with best results from
brined, smoked, dehydrated and grated.
Bakskul bones and bacon were even

Vacuum bag the Søl with the water and
allow to rest for 30 minutes.
Place in a water bath at 60 degrees and
cook for 1 hour.
Strain the broth and cool. Do not attempt to extract all the liquid from the
seaweed- this will force bitter compounds out.
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Gastro Article
November 9, 2010

The new edition of Gastro Magazine is
available now, with an interesting article
by our collaborator Ole Mauritsen on
Nordic dashis.

Peruse the entire article here:

https://static.squarespace.com/static/5
006630dc4aa3dba7737ef40/500f2696e
4b08b809edd36fc/500f2699e4b08b80
9edd37f8/?format=original

Pea Evaluation
April 20, 2011

EU Parliament
February 8, 2011

The Nordic Food Lab was honored to
be invited to an EU Parliament session
on innovation, EU Agencies- The Way
Ahead. It was a great opportunity for us
present our philosophy to an audience
we might not usually reach. We able to
introduce the concepts of the New Nordic Cuisine, and hopefully disseminate
the inspiration we find in the Scandinavian culinary momentum.

We are evaluating eleven different
types of peas from the Nordic
Genetic Research Center. These are
the shoots, not among the most
delicious, but then again they were
chosen for the actual peas, rather
than the flowers or leaves. The production is complicated be how old
some of these varieties are. Some
of the cultivars are barely domesticated, and tend to reach maturity
over a wide range of time within
each species. Weather-wise it has
also been a hard growing season,
and unfortunately we are counting
the yield in grams rather than
kilos for some varieties. But we are
anxiously waiting delivery, and will
asses the cultivars-
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Søl Feta
May 10, 2011

We have been collaborating with Arla
on several projects, but this is probably
the one we are most excited about. Just
concerning søl, the good people people
there have done several cheeses, all
quite good, but none with that ”wow,
that’s....amazing” quality we were all
hoping for. Until this feta here. We

agreed it was important to have an extremely good quality product to launch
for the consumers, and this cheese is at
this level. The feta style really suits the
søl, the slight saltiness emphasizing
the best parts of the flavor profile. The
hard working lads at Arla found the søl
worked best when incorporated into a

very high fat content, and then through
a rather clever process is returned to a
milk proper for feta production. We just
finished a final taste tweak and are both
excited to have a product that will be
available to consumers.

Serious Ferment
May 10, 2011

Ferments are some of the most rewarding products to work with, whether
cheese, bread, vinegars, etc. There is
something particularly rewarding in
nurturing, collaborating with another
living creature. We were looking into
ways of releasing more umami in our
Nordic cuisine, especially after some of
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the research that we did in our seaweed
project. A perusal of DTU’s excellent
website www.foodcomp.dk lead us
to a Scandinavian classic: yellow peas.
The peas were quite high in glutamic
acid, and the question became how
to convert the bound amino acids
to unbound. Fermentation. We used

a mold called Apergillus oryzae to
inoculate steamed barley. This took a
few attempts to perfect as it requires
rather precise control over temperature
and humidity, but we could use it to
perform a slow, controlled fermentation
of the cooked yellow peas. We decanted
at a month to check progress- success.
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The resulting paste tastes of yellow
peas, but amazingly more complex and
deep, although slightly saline from the
salt we added to check any infestation
from interloping bacteria. The liquid
was also great, with a flavor somehow
more reminiscent of the barley. We will
check the progress monthly.Ferments
are some of the most rewarding products to work with, whether cheese,
bread, vinegars, etc. There is something
particularly rewarding in nurturing, collaborating with another living creature.

We were looking into ways of releasing
more umami in our Nordic cuisine,
especially after some of the research
that we did in our seaweed project. A
perusal of DTU’s excellent website www.
foodcomp.dk lead us to a Scandinavian
classic: yellow peas. The peas were quite
high in glutamic acid, and the question
became how to convert the bound
amino acids to unbound. Fermentation.
We used a mold called Apergillus oryzae
to inoculate steamed barley. This took
a few attempts to perfect as it requires

rather precise control over temperature
and humidity, but we could use it to
perform a slow, controlled fermentation
of the cooked yellow peas. We decanted
at a month to check progress- success.
The resulting paste tastes of yellow
peas, but amazingly more complex and
deep, although slightly saline from the
salt we added to check any infestation
from interloping bacteria. The liquid was
also great, with a flavor somehow more
reminiscent of the barley. We will check
the progress monthly.

Fermentation Trials
May 10, 2011

This is the rig we set up to inoculate
grains for the later fermentation. The
polysci circulator controls the temperature (there is a lid) and provides enough
moisture to develop the ferment
properly. After our initial success, we
wanted to see how different grains affect the flavor. We will see in a month.
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Kombucha
May 11, 2011

Kombucha is basically a fermented tea.
It begins with a sweet tea, traditionally
of a black variety, which is then transformed by the ”mushroom”, which is
actually a Symbiotic Colony Of Bacteria
and Yeasts (SCOBY). This may sound
somewhat risque, but this happy marriage is robust and protects itself from
outside contamination by producing a
decent amount of acetic acid.
The result (after five days or so) is a
slightly tart, but balanced beverage that
becomes slightly effervescent after it is
decanted and left for a day in the fridge.
We began to run our little zoogleal
mat through the paces, first through
herb teas that we had dried in house
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(verbena, woodruff, etc.) and then to
vegetable and fruit juices.
All the teas and fruit juices were
delicious, but nothing ground breaking
until we fermented carrot juice- Really a
pleasant surprise. The carrot kombucha
still had a fresh quality, but tart and,
well, best of the best. And the carrots
we receive are naturally sweet enough
that there was no added sugar, an extra
bonus. Cucumber juice had mixed responses, some of us loved it, and others
thought it was a little extreme, perhaps
slightly savory in a way. Confident with
the vegetable juices high in natural sugars, we dropped a scoby into beet juice;

disaster, we lost that soldier. After one
day the liquid had turned into crimsonpurple ectoplasm, which did not taste...
amazingI still have not had a chance to look into
that particular phenomenon.
Still looking for more liquids to subject
our earnest culture to, we made a tea
out of juniper wood- quite good in itself,
but after the slight sweet/sour kombucha treatment, actually something
rather unique and delicious.
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Potato Evaluation
May 20, 2011

The Nordic Food Lab conducted a
sensory analysis of underutilized varieties of Nordic potatoes to evaluate their
respective gastronomic potential and
desirability.
We initially received forty individual varieties grown from Nordgen seed stock
in their test farm. We processed these in
a manner most consistent with average
consumer cooking methods,(boiled) and
selected ten that most interesting. The
Nordic Genetic Research Center cultivated approximately five kilos of each
variety for further testing.

The specimens evaluated were:
SWE 3007 Sparrispotatis

DNK 3054 Æggeblomme
SWE 3062 Rödbrokig Svensk
DNK 3198 Kiva

given an appropriate description of the
lexicon for each sensory analysis.
All the sensory evaluations were conducted with King Edward potatoes as a
control.
As expected, certain qualities of each
potato were rather more suited for different cooking methods. What excelled
as a baking potato would sometimes
flounder in a boiling test. Several of
the varieties were interesting prior
to testing, merely on their aesthetic
qualities. Some varieties had qualities
that would be desired by a professional, but perhaps not the amateur or
household cook. The sparrispotatis were
an example of this; while initially they
produced a rather odd potato pure, we
were able to manipulate them into a
unique and excellent product.

FIN 3223 Tammiston Aikainen

Overall, as evidenced by the sensory
analysis, The Nordic Food Lab recommends the following potatoes
further work, and suggests integration
into production:

SWE 3230 Blå Mandel

· Sparrispotatis

DNK 3259 Minea

· Æggeblomme

FIN 3267 Lemin Punanen

· Rödbrokig Svensk

ISL 3304 Blaar Islenskar

· Lemin Punanen

These varieties were subjugated to the
following processes: baking, boiling,
sous vide, French fries, crisps, pureed,
confit.

There will be further information on
each variety and cooking method as we
crunch and enter the data.

NOR 3212 Fjellfinn

Potato Evaluation

The tastings were conducted with a minimum of three trained chefs, although
typically six persons participated.
The tastings were conducted using a
seven-point category scale (seven highest) to measure the intensity of each
sensory attribute. Each panelist was
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Kelp Crisps
May 20, 2011

We were experimenting with bouillons
from different seaweeds, reducing them,
and then, epiphany. Why not dehydrate
the bouillon? We set it at 60 degrees
overnight. The result was these amazing
crisps (I suppose we will have to find
more adequate nomenclature). They
have a brilliant, meaty taste, but with
green tones, and are a fantastic accent
to a variety of foods, both meat and
vegetable. The process only works with
certain seaweeds- those with significant
careegeanen (søl) or sugars (mannitol in
sugar kelp) seem to have trouble drying
out fully enough. Instead of beautiful
”crisps” that melt in your mouth, they
reduce to a rather sticky mess. We are
looking into whether there is a way to
adjust this.
For now we are just putting our real ”sea
salt” on just about everything we can.

Woodruff
September 28, 2011
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This wild plant can be found in local
forests during the summer. It grows in
abundance. We collect large quantities
of it and use it for a plethora of different
recipes. When its first picked it doesn’t
have much aroma, but during the drying
process the distinctive smell of couma-

rin, the signature aroma of the exotic
tonka bean really comes out strong. It
can be kept dry in jars or vacuum bags
and used when needed. Here it is often
used in purée such as that of pea or
asparagus, but it really finds it’s natural
home with beetroot, where the earthy

flavour of the beets and the woodruff
really have an opportunity to get intimate. It can also be used in sweets, try
using it in the place of vanilla, to infuse
a custard or cream.

Herring Bottarga
September 29, 2011

Bottarga is a form of preserving fish
eggs with salt. Its a delicacy all over the
Mediterranean and has a very ancient
history. The great thing about it is, that
it turns the fish eggs into a chewy salty
speciality and means they can be kept
for long periods of time. Our italian
friend and colleague Giulio di Sabato
used herring eggs with a technique

he’d seen in Sardinia. The herring eggs
are something we see a lot of here, and
essentially a by-product, but one which
can be used to make these optimum
little treats. If you see the eggs in there
when you open up a fresh fish, take
them out, keeping the membrane attached. Leave the eggs in a saturated water
salt solution 37% salt, over night. the

next day remove them and roll them in
salt, as much as will stick to it. keep ’em
in the fridge and the next day wash, dry
and repeat (and so on). when you have
something which yields slightly under
pressure and feels in some sense elastic
your ready to slice or grate it until your
heart’s content.
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Miso
October 10, 2011

One really interesting project going on
at the moment is the development of
new recipes of miso. In Japan, miso is
served at every meal, it is something
with highly localised recipe variations
where principle ingredients, normally
rice, soya beans (or another legume) and
sometimes barley are put to ferment
in varying proportions with salt. There
are two main parts of the fermentation.
The first part in the Japanese technique
revolves around the production of Koji,
a traditional system of cultivating mold
on steamed rice for the enzymes and
particular flavour it produces. When
these molds have really taken hold of
the rice, this ’koji’ is mixed with salt,
cooked soya beans, and possibly cooked
barley.

The second fermentation occurs at this
point, in the presence of salt the molds
die and the enzymes they have produced continue breaking down the various
carbohydrates and proteins in the rice.
This breakdown of larger molecules
makes loads of free nutrients which can
be further metabolized by lactic acid
bacteria. These are really good bacteria,
the kind that makes natural live yogurt
so healthy. As we want to get away from
reliance from foreign products are in
the process of adapting the recipe using
locally available ingredients. We are growing our koji on steamed buckwheat,
and mixing it with yellow split peas. The
miso which comes out is a wondeful
light colour similar to that of Japanese
shiro miso. The delicate umami and
salty tastes, combined with the subtleties added by yellow split peas is really
something special.
Now we are experimenting with various
ancient and very rustic varieties of pea
which we have received from the Nordic
Gene Bank, these varieties are available
in such tiny quantities that only very
small experimental batches are being
trialled now. If either of these tiny
experimental batches is successful, we’ll
then have the job of persuading a farmer to cultivate these ancient grains....
here’s to hoping!
To make miso at home the only unusual
thing you will need to get your hands on
is some spores of the very special and
safe mold which is used in the process.
The species is Aspergillus oryzae, it also
gets called koji-kin, If you look on the
internet you will find somewhere that
will send you some for a price. Other
than that a healthfood shop or a good
supermarket should be able to help you
with the rest.
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First, To make the Koji
1. Take roughly 800g of Buckwheat and
put it to steam for 1.5 hours.
2. when it has cooled to around body
temperature sprinkle, using a tea-spoon
and a very fine seive around 1.5g of the
Aspergillus spores onto the buckwheat.
3. Keep this warm, absolutely not hotter
than 40°C and very humid using a wet
towel. We use a steam oven where we
can control the humity, by putting it
around 30°C and 75% humidity for 6-10
hours the mold should be completely
dominating the buckwheat. After this
you can laeve it still in a very humid
place until there is a pretty thick layer of
white mold over the koji. It is important
that it does not go green as this means
that the molds have gone to spore, a
dormant state and that, in effect, they
are no longer alive.
4. Take 800g of yellow split peas and
when you put the koji to cultivate, cover
them in ample water to soak it up. Leave
them overnight in the fridge covered in
water.
5. When it seems that your koji is ready,
you really have to do this by feel, put
your soaked yellow peas on a slow boil
until they are soft. don’t add any salt.
6. After the peas are cooked and the Koji
is ready, mix them together and mash
them up a bit. Add 150g salt and mix
thoroughly.
7. Take a ceramic crock, or a food safe
(important) plastic bucket, sterilise it,
or wash it as well as you can with very
hot water and then rub the inside with
damp salt, just to stop any microorganisms that might try and highjack you

BLOG POSTS

creation. Fill the bucket up with the
miso mix and push it down to be sure it
doesn’t have any air bubbles.

tea-towel and a bit of string, write the
date on it so you remember when you
can open it up and start enjoying!

8. Take a neatly fitting plate and put
it on top of the miso, placing a heavy
weight, such as a very clean rock (scrubbed and boiled) on top. then close the
whole system off from insects using a

9. Now you have your Miso, all you need
to do is weight for the enzymes produced by the Aspergillus to have thier effect in breaking everything down. At the
same time, the Aspergillus is no longer

viable due to its sensitivity to salt and
the miso will get taken over by various
salt tollerant lactic acid bacteria who
will develop the flavour of your miso.
10. You need to wait around three
months to start using your miso for
broths or anything else. but think of it as
an investment!

Apple Balsamic Vinegar
October 11, 2011

The ancient process of balsamic vinegar
making which has been adapted and
made local. Here a local producer draws
up a sample of his sweet, tangy and
rich apple balsamic vinegar, normally it
would be of grape juice, but of course,

here in Denmark the apples grow much
more easily! The Apple juice is reduced
to one third of it’s original volume and
put into a system of 6 barrels of different woods. 1 liter can be taken out
of the smallest barrel every year and

the vinegar moves down the system,
making more room in the largest for the
new year’s harvest. This system here is
in it’s tenth year, and its only going to
keep getting better!
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Pork-Bushi
October 11, 2011

As tuna doesn’t arrive in the North sea,
we’ve had to come up with other ways
of achieving an equivalent to the Japanese katsuobushi. We’ve cooked a brined
tenderloin of pork in a sous-vide bag at
65°C for 1 hour, hot-smoked with hazel

wood for 2 hours and then introduced
to some of our trusty enzyme producing
Aspergillus oryzae for help drying out
and breaking down. when its done it
will resemble wood and when shaved
will provide a wonderful meaty/savory

flavour. Recently we found out that
David Chang was already working on a
similar project at his restaurant Momofuku. We’re now in contact with him and
keeping each other updated about our
newest ’bushi developments.

to ripen up nicely. Most of the world’s
home-made fish sauces are made over
long periods of time, which allows them
to mellow down slowly. We’re trying
to speed up the process by inoculating
with protein breaking microorganisms.
Currently the samples pictured above
are making their way to Harvard University for a deeper chemical analysis while

we are use sensory analysis here in the
Lab. Sensory analysis can be really useful
to see how variations in the recipe
change the final characteristics of the
product.

Fish Sauce
October 11, 2011

Fish sauce is made all over the world,
especially in the far east. It used to be a
staple seasoning of the Romans here in
Europe and some versions still exist in
and around the Mediterranean. We’ve
been developing a Nordic equivalent.
These sauces of herring and mackerel
have been sitting in our incubator tanks
for some time now, and they’re starting
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Fruit Vinegars - Taste and Time
October 11, 2011

Making small quantities of things is a
great way to experiment and find new
ideas. When used to make vinegar, fruits
such as plums, cherries, black currants or
blackberries typically produce flavours
which remind us of the original fruit.
They can be used to add acidity, depth

and sometimes sweetness to a huge
array of dishes. Vinegars like this also
have great scope for aging, as the years
pass, the flavours develop and change
in a very similar way to wine. They build
complexity and subtlety, at the same
time becoming less harsh and ’green’

Its very easy to make good vinegar, but
it does take time. What you need is to
ferment anything containing sugar (you
can add it if you need to) using a yeast.
This needs to happen in the absence
of oxygen, so you need an airlock. Then
the alcohol produced by the yeast can
be converted into acetic acid (vinegar).
To do this you need acetic acid bacteria,
which, fortunately, are everywhere. To
make your alcohol into vinegar just add
a quarter of the volume of a neutral
and preferably unpasteurized vinegar
and tie a piece of muslin over the open
top. Leave this for a month or two in a
warm place and hey presto, you have
vinegar! Then it can be bottled and aged
or consumed right there and then. If you
age them, it will be a great opportunity
to watch one of your own creations
develop.
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Cucumber Powder
October 11, 2011

In our quest for new nordic seasoning
we have investigated dehydrating various fruits and vegetables. After much
experimentation one really strong result
has come out, cucumber powder. by
dehydrating and then powdering these
fruits a spice is attained which bears
very little gustatory resemblance to the
cucumber from whence it came. The
flavour is sweet and sour with a spiced
note akin to middle eastern spices. Try it!
Cucumbers are cheap and this is an easy
to make and new spice with fantastic
potential.

Smoking
October 11, 2011

In the docks of Copenhagen is an old
smokehouse which used to provide
smoked salmon and halibut for all
of Europe. The fish here arrives on a
Monday, and after one night under salt,
it enters these enormous and historic
smoking rooms. The smokey room you
see is but one of many, there are corridors and corridors of these heavy iron
doors, behind which fires can be laid of
beech wood that smoke continuously
without attention for three whole days
and nights. Then the fish can be sliced
or not, and packaged. Although there is,
as the more observant amongst you my
have noticed some tuna (not nordic at
all) on these racks alongside the salmon,

SIDE 22 | NORDIC FOOD LAB |

the other fish which is hidden in this
photo is halibut. The danes have a
wonderful tradition of smoking halibut,
a truly Danish delicacy.
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Better than Marmite
October 12, 2011

They say you either love it or you hate
it, but in Denmark, neither is really an
option, because it’s illegal here. ’Why?’
You may ask, well, the government here
doesn’t let any enriched/fortified foods
into the country and Marmite is full
of added vitamins. Does the law make
sense? Well, quite probably, it does
mean that you have to have a good diet,
and not just some iron in your cornflakes to stay healthy, and people (ge-

nerally) do. Anyway, Marmite and other
yeast extracts are such a great source
of umami taste that we couldnt resist
making some ourselves. But we didnt
want to copy the original, we wanted
a luxury version, one plump and full of
juicy flavours. This one in the photo is
one of our more successful attempts,
and were stil working on it.
This ”marmite” is not the commercially

available, super salty and fairly plain
flavour, we have completely avoided any
chemical addititves, by adding juniper
ash and apple, wonderful. Juniper and
apple umami. this isn’t only a great treat
with toast or crumpets but a wonderful
vegetarian stock base or an ingredient
to adding unforeseeable depth to a
myriad of dishes... wait till we’ve got the
recipe properly tuned and we’ll share it
with you all!

Beetroot ”Craut”
October 13, 2011
One of the big challenges in any kitchen
if finding uses for what is normally
viewed as waste. We have been going
through lots of beetroot juice, so
this left us with lots and lots of tiny
shavings of beet. This is still in an early
experimental stage, it hasn’t gone on
long enough to be really good yet,
but with the 2% salt which has been

added, Coliform bacteria which, as the
envirnoment acidifies will give way to
Leuconostoc which will preserve the beets by acidifying and change the flavour
by metabolizing the various sugars etc
which can be found in the vegetable.
2% salt is a pretty standard quantity
for adding to a vegetable for lactic
fermentation, we’ve found vacpac bags

really useful for this kind of thing, they
dont take up much space and they dont
smell! Try it, get a thinly sliced cabbage,
a grated beetroot, carrot, apple or a mixture of the above, add 2% salt and put
it in a pot with a weight on top, or in a
vacuum bag. leave at room temperature
for 1-4 weeks or longer and enjoy!
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Distilled Chicken
October 26, 2011

Well, faced with the question of how
to capture the smell of chicken stock,
which normally escapes into the air, we
devised this contraption. Its basically a
very rudimentary distiller. Because we
already had an old fashioned pressure
cooker which was easily adapted, it cost
the price of a piece of tubing bought
from a home-brew shop. and it works.
By attaching the tubing to the air outlet
of the pressure cooker we curled the
tube up in a tub, and filled the tub with
iced water. Vapor coming off the stock
condenses once it hits the cooled tubing
and liquid drips out the end. The liquid
is transparent, it looks like water, but
the smell... to say it smells of chicken is
an understatement, a couple of drops
of the good-stuff will make anything
become like essence of chicken.
By switching the collection bottle
throughout the length of the process,
we were able to seperate different levels
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of distillate. This is a really simple way
of collecting this surprisingly strong,
essence of chicken.
For those without the means to access a
Rotary, or (supercool) Rocket Evaporator,
this is a great way to get into flavour
collection in the kitchen. The same setup can also be used to steam distill, the
best way of extracting aromatic compounds from plant material. By putting
a steam basket into the pressure cooker,
hot water underneath and choopped
herbs, flowers, or anything else for that
matter on top, the vapour which leaves
will have the smell of whatever you put
into the pot. By doing this you will collect both tiny quantities of essential oil
and lots more the aqueous part, known
as a hydrosol (for example rosewater)
which can be used to explore the fantastic world of aroma.
Once the best smells have come off
from the stock, the stock can be reduced,

and as it cools, and the gelatin begins to
set, some of this essence can be added
back into it. The gelatin helps capture
the aroma, but make sure you don’t do it
when the stock is too hot, because these
molecules are extremely volatile and
so evaporate very easily. and make sure
you keep a lid on it, otherwise your rich
aroma will disappear into thin air.
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Preserving Meat
October 29, 2011

Curing meat is the product of cultures
dealing with the problem of extending
shelf life of meat by making it inhospitable to microbes. Evidence of meat
curing can be found as early as 40,000
BC in Europe in the form of cave paintings in Sicily. The earliest preservation
techniques would have utilized the sun,
wind, rock salt, or salt from partially
reduced seawater as well as ash from
certain salt rich plants to dry meat.
Partially drying meat allows the survival
of only certain microbes with anti-pathogenic qualities whereas removing all
water makes it impossible for the survival of any micro flora. Originally most
products were made with mineral salts.
The nitrous compounds contained in
mineral salts help with preservation. Sea
Salt (which is iodized) and in modern
use is frequently mixed with nitrates to
assist the process.

Legally, one must have salt checked
for impurities. Salt (NaCl) does not
kill microorganisms but a change it’s
surrounding’s osmotic properties. This
change in the osmotic relation to the
environment leads to less available water leaving less for the microorganisms
to metabolize. This leads to an overall
lower count of microorganisms.

As the meat absorbs the salt its osmotic
and ionic properties of the meat are
altered which kills a lot of the microorganisms.
Appropriate salting is useful for
selection of microorganisms to assist
fermentation but also for the prevention
of enzymatic action within the muscle
tissue.

In cooked products heat must reach
a level, which kills pathogens. Curing
process must contain a fermentation
stage, which leads to the competitive
expulsion of pathogenic organisms, for
example the spread of preferable lactobacilli over salmonella or E. coli.

The decrease in aw value is crucial for
the creation of successful preserves. Aw
is the system of measurement for water
molecules available for action, i.e. a
count of the unbound water molecules
available for reaction. It is the measurement of vapor tension, i.e. the ability
of water to transfer into steam within
a cell.

Salting consists of two steps, firstly
the physical addition of the salt and
secondly the absorption of the salt into
the meat.

The aw value of a glass of water at normal pressure is always 1
At: 0.82 to 0.83 -bacterial growths
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inhibited but not mould.

and hands working,

0.7 -(jam) water bound but on surface
can form moulds.

Culatello Di Zibello  - collected Zibello
2008 by B.R.

0.63 -no development of microorganisms possible (or at least nothing
relevant).

8Kg Rump Side of Hind Leg of fat Pig

Proscuitto has an aw of 0.9 and salami
of 0.85.

Big Sea Salt (as much as will stick to the
meat) with some black pepper in it

Salting can be done in four different
ways: - By massaging the salt into the
meat, by placing the meat into a large
quantity of salt, by placing meat into a
salt solution (brine) or also through the
injection of the meat which happens
through numbers of needles going into
the meat then injecting solution as they
are taken out. Needles can also be used
by injecting arteries, which then distribute the salt through the meat.

Douse with 100ml of white wine macerated with garlic

In Northern Europe the ancient meat
preservation techniques have used
smoke to create a physical layer on the
salted meat which keeps it from spoiling. in the photo above is a shoulder
of venison which we have put to salt,
making our version of the Norwegian
Fenalaar.

Puncture well with pins

Normally the meat used for this process
is Lamb, we’ve chosen to experiment
with different meats, this example being
Red Deer, we started it yesterday, we’ll
keep you updated with the progress!
We’re looking forward to setting up the
cold smoker and smoking this baby with
some beech wood, or perhaps some
wood from old whiskey barrels.
Products which are designed to age for a
long time are traditionally made during
the cold months November or December. This allows the drying process to
happen in cool temperatures, the aging
process, a slow enzymatic process can
then occur over the summer months to
then have your cured product ready to
eat thinly sliced the following winter.
Now is the season, get experimenting!
so... a couple of ideas to get your mind
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Tie into neat bundle

1.5°C for 1 week
Wash off salt with a cloth
Clean and rehydrate pigs bladder
Sew meat into Bladder
Bind in traditional style

Hang in cellar for 1 year
Remove from bladder – if dry put in
water for 1 hour, if very dry put in white
wine soaked towel until ready.
Slice thinly and eat immediately with
bread and, especially in winter, butter.

Lucanian Sausage – provided by
Apicus (2 4)
Pound together cumin, savory, rue,
parsley, mixed herbs, laurel berries and
liquamen.
The berries need to be roasted and
ground to release more flavor.
The spices were pounded next into well
beaten meat.
Then Liquamen, peppercorns and plenty
of fat and pine kernels were added.
The mixture was inserted into a sausage
skin, drawn out very thinly and hung in

the smoke to dry
Or, the big time classic, Parma style:
Firstly the hind leg is trimmed and salted, as much salt as will stick on it really,
the leg is then left flesh side up 1-3C for
1 week. some producers are more calculated, putting an exact amount of salt
per kg of meat. 20/30g per Kg on lean
parts and 10-20g wet salt on the skin is
massaged in. The ham can then be left
to absorb the salt – 14-21 days – after
this period can be brushed down and
the leg is left in the same temperature
for 3 weeks.
Next the leg is hung for around 60 days
in cool ambient temperature during
this time the outer layer of exposed fat
and flesh is removed with particular
attention being paid to the area directly
surrounding the bone .
After these 60 days the meat is washed
using a pressure washer then dried
thoroughly, the open side of meat and
fat is covered in a layer of fat mixed with
salt, salt and pepper.
This must be then hung for a further
9 months and checked for its quality
before being eaten/sold.
For a more visually appealing ham, the
peppery fat is removed and replaced
with pure white fat that gives the ham
a cleaner feel. Some flour can be mixed
into the lard to firm it.
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Chicken Ballotine in Salt Crust
November 1, 2011

This is a great dish to make at home. It
gives the illusion of being technically
complicated but is really deceivingly
simple, it will cause a wow from guests,
and most probably from yourself as
well. A ballotine can take many forms,
but in one of its classical and perhaps
most common guises, it takes the
form of a chicken, with all of its bones
removed, wrapped around a stuffing of
meat and vegetables and roasted. We’ve
taken it a small creative stage further,
and wrapped it up in a salt dough. We
decided to make this with charcoal,
the effect being decidedly rustic and
theatical. When removed from the oven
it seems a loaf of black bread, primal in
every sense this really appeals to some
basic human urge, especially if cooked
in a wood fired oven, this is gastronomy
using techniques available to very early
man.
When cracked open, using the heel of
a knife, a plume of aromatic chicken
steam explodes into the surroundings,

the chicken inside is steamed, keeping
all of its juices. We added to the perfume with one of our favorite aromas,
that of roasted hay. The hay, which is
wrapped around the chicken serves the
dual purpose of keeping the salt dough
from direct contact with the chicken at
the same time imparting its flavor and
perfume onto the meat. It seems natural, a happy chicken, bobbing, clucking
and searching in the hay of a farmyard,
then finally being cooked in the same
flavors. So, how to make this dish and
impress?
Start by boning the chicken, (If you
need a helping hand watch this - www.
youtube.com/watch?v=kAekQ5fzfGM)
Its really very simple to bone a chicken,
infact, if you can carve a roast chicken,
you can definately debone a raw one.
Then you need a stuffing, I would recomend some coursely chopped chicken
with some sausage meat, chestnuts,

diced apple, onions, garlic, a little freshly
grated nutmeg and a dash of cream, be
creative and use what ever is available
to you, keeping it solid enough that the
chicken can be wrapped around it, but
soft enough that you can slice it neatly
afterwards.
Then you are ready to wrap the chicken
in your crust. Make a dough with about
150g powdered very high quality charcoal (if you dont have the absolute best,
then miss this out) mixed with 125g
coarse salt, 125g fine salt, 500g flour,
some aromatics, for example bay and juniper berry powder. Add to this dry mix
some water, add it slowly as you may be
surprised by how little you need, but you
need to bring it into a stiff and relatively
smooth dough consistency. Once you
have the right texture, put the pastry in
a bag and allow it to rest for at least an
hour, or perhaps over night if possible.
After the pastry has rested, roll it out
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until it is large enough to fit around
the chicken. Place some hay in the
centre, and lay the deboned, stuffed
and tied chicken, breast-side down on
top. Wrap the chicken in hay and pastry
and smooth off the surface. When it’s
ready, roll it over onto a baking tray, so
as the breast side of the chicken and the
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smoother side of the pastry is now on
top. Bake in a hot oven until you reach
around 70°C in the center, then remove
and leave the roast to rest for 20 mins,
then bring it to the table and crack it
open, watch out as all the chicken juices
will be inside the dough, so you might
want to crack it and drain it in the kit-

chen. Remove the chicken from the crust
(which, in case you’re wondering is NOT
edible), rub off any remaining hay and
remove the string. The chicken can now
be sliced like a loaf of bread as it has no
bones, start at the head end. Good luck
cooking and bon appetit!
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Home Made
December 13, 2011

It’s that time of the year when the wish
list begins to expand, and we wistfully
flip through our lab supply catalog. Like
most people, we wish we had the capital to purchase whatever equipment we
deem utterly necessary, unequivocally
critical to our happiness and well being.
Of course, this being the really real
world, that is not how it goes, especially
for a small non-profit. We depend on the
charity of others (thank you PolyScience)
or our ingenuity. So when we find
ourselves lusting after some particular
tech that we can’t afford, we often take
a shade-tree approach.
For much of the fermentation processes
we are exploring the ideal temperature
is between 30 and 40 degrees Celsius.
This happens to be beyond the scope of
the balmiest of Danish summers, and
certainly unrealistic when the entire bay
freezes over in the winter (see photo).
A quick search online garnered this PID

controller from Auber. It can utilize any
heat source (hot plate, light bulb, crock
pot, etc.) which just plugs in the rear of
the device, to hold specific temperatures within .1 degreee C. Looking for an
strong even heating source we strolled
the isles of our local home improvement
and came across electric underfloor heating. Laid in a thermal box it works exceptionally well with minimum energy
loss. We have linked two of the thermal
boxes together with no problem. This
allows us to keep our Garum trials and
solid state vinegar fermentation at
an optimum temperature while also
providing space to inoculate barley with
mold for our yellow pea fermentation.
But the controller can be used anywhere
a precise degree of heat must be
maintained. Reducing stocks at steady
temperatures is rather easy. Hooked to a
crock-pot or rice cooker it becomes sous
vide machine. It could quite easily be
adapted to become a dehydrator, or with
a small fan, a controller for a grill. We

used it in conjunction with a humidifier
and heater to transform a small room
into a meat curing facility. A adaptable
device such as this assists creative solutions to difficult problems.
All in all, we greatly recommend picking
one up, and letting us know what uses
you guys come up with for it...
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Michael Bom Frost
January 24, 2012

A new face stirring the pots and rocking the boat.
Nordic Food Lab increases the crew on
the houseboat with Michael Bom Frøst
as director.
Michael has a background as a sensory
scientist, and has delved into gastronomic and culinary research with a
scientific approach over the last 5 years
at University of Copenhagen. In 2012 he
will share his work load equally between
Nordic Food Lab and the University,
where he remains the Director of Studies for the MSc-education in Gastronomy and Health.
‘Both Lars and I look forward to increase
the exploration of the culinary potential in the magnificent raw materials
of Nordic origin together. We continue
our endeavors with new techniques
and flavors as well as reviving older
and more traditional techniques.’ says
Michael.
Nordic Food Lab aims at becoming a
robust and ever increasing source of
knowledge and inspiration to the curious chefs and gastronomers, ranging
from professionals from all backgrounds
as well as foodies and the general public. The appointment of Michael increases Nordic Food Lab’s ability to perform
with scientific rigor and precision, adding to Lars’ immense creativity and his
inquisitive mind. Michael’s background
as a sensory scientist, adds to our tool
box a range of methods to document
sensory properties in the foods we
investigate. We expect to increase our
dissemination both through web-based
media, lectures and events.
Great times and good food ahead!
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Our Kind of Cake
February 10, 2012

To be utterly honest, this is something
that we should have done long ago. It
borders on embarrassing in retrospect. I
am sure that the idea has fluttered past
our intuition as we ruminated on other
flickering possibilities while absentmindedly snacking on bits of our fermented
barley. Yes, that’s what this is- our barley
that we have carefully inoculated and
cajoled into a lovely firm matrix of taste
augmenting mold. Taste transforming.
Better. Smarter. Faster.
So we merely sliced our ”loaf”, yes it
does slice like a cake, and fried a piece in
a pan for a bit of maillard. And to warm
it through of course.

Sweetness, with a palatable umami. Still
a proper flavor from the barley.
René found traces of iberico fat- and it
is certainly does have a intense nutty
luxury.

· Place in a 30c full-humidity environment. This is almost 100% humidity
and is rather like a bathroom after a
shower.
· Mix well after 8 hours.

The process is relatively simple:

· Leave alone for the next 28 hours.

· Soak organic virgin barley for 24 hours.

We hope some one out there gives it a
shot-

· Steam for 1.5 hours.
· Cool to room temperature (or at least
30c)

We would like to thank Kunal Chandra
for the photos, he stopped in to say hello
and spend an enjoyable day with us.

· Mix in Aspergillus orzyae.
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Sprechen sie Deutsch?
Nordic Food Lab in Die Zeit
March 12, 2012

Nordic Food lab featured in a large article on the interaction between science
and gastronomy.

It’s in Die Zeit’s science section. Interested readers with german skills can read
it here: https://www.zeit.de/2012/09/
Forschung-Geschmack/komplettansicht

Die Zeit is one of Germany’s largest
newspapers, located in Hamburg with a
print circulation of around 500.000.

Creative Methodology
March 15, 2012
As NFL recognizes cooking food as a
creative occupation, but at the same
time one which occupies space in the
scientific sphere, a conscious effort is
made to occupy the grey area in the
middle, between science and creativity.
By taking inspiration from both scientific and artistic disciplines, NFL manages
to achieve things which other research
facilities, based on only one side of the
science/creativity divide, would not be
able to attempt. The research which
is made available on request, on this
webpage, or through direct contact,
aims at inspiring industry, restaurant
chefs and home cooks alike, and to have
a multi tiered and profound effect on
the culinary threads of the Nordic fabric.
At NFL chefs drive creative processes
forward. Chefs over years of experimentation have a good idea of what
may and may not be successful in
terms of deliciousness. By practicing
techniques repeatedly day after day,
chefs master large numbers of (primarily) simple techniques. Combining
these techniques in certain orders,
chef’s create systematic or ‘algorithmic’
processes’ which, in their nature as algorithms can have many different ‘inputs’
(ingredients) fed into them[1]. With the
ingredient input, these become recipes,
which with practice and refinement
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may create delectable results. In the
words of Hervé This “A chef who envisions a dish that melts in the mouth,
yet arrives [with a dish resembling
cardboard], deserves no praise. He must
therefore achieve what he sets out to
do” (This and Gagnaire, 2008).
However in the experimental kitchen,
there must be no inhibitions of the
creative faculties, no fear of failing. In
creating new and exciting foods, some
failure must be expected. Much of NFL’s
creative method works on a ‘sawn-off
shotgun approach’[2]. As the idea leaves
the proverbial gun barrel, it is sprayed
wide. By using a chef’s experimentation mentality, we are able to push out
ideas quickly, much like hurried chefs
finalizing the menu five minutes before
service. For example, with a desire to try
to make vinegars – we wanted to have
new flavours from interesting sources.
By looking around the Noma kitchen
and the laboratory stores we were able
to make huge lists of potentially exciting flavours, which we believed, might
work well with the distinctive acetic
sourness of vinegar fermentation.
After compiling this list we are then
able to concoct as many as 20 or 30 individual and combinations of flavours per
day. Some of these will work in terms of

their deliciousness, most will not. Of the
many brews only a few will interest us,
and it is these which enter into a second
round of development, that of finetuning and refinement.
Our research methods for creating new
recipes were based on a chef’s creative
intuition for good taste, which experienced chefs, spend their lives developing.
Combining this intuition with scientific
knowledge and accurate measurement
we were able to work with ingredients
for which we found no previous record
of combining with these techniques.
There is a childlike innocence in the joy
of uninhibited experimentation as we
attempt to learn about our culinary
surroundings through playful exploration. Simultaneously we are modern day
alchemists, drawing from philosophy,
technology and mythology: striving to
attain some hypothetical, and possibly
unobtainable level of delicious perfection.
We are evolving as part of a new ‘Age of
Discovery’, we are thinking men, guided
in what we do by taste, we are Homo
saporens (homo = man, saporens = tasting). Through bricolage[3] of taste we
build on past experiences, creating new
combinations of gastronomic know-
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ledge for the future.
[1] Algorithms are a set of rules or
processes that can be followed methodically.
[2] Shotgun approach is a term used
in the marketing industry to describe
aiming to cover as wide a group of the
population as possible. We appropriate
this term to the kitchen, we cover as
many ingredients, or as many different
ideas as possible.
[3] ‘Bricolage’, as used by anthropologist Claude Levi Strauss, the way in
which people and societies form as yet

unknown concepts and ideas by taking
parts of old ones, and recombining
them in innovative ways to create ‘new’
concepts and ideas, In our context we
are taking generations of culinary knowledge, dissecting it, and reappropriating
the ideas to new ingredients and/or
methods.

Author information:
My Name is Ben Reade, I’m a chef from
Scotland, and for the past 3.5 years I
have been studying at The University
of Gastronomic Sciences in Italy. For my
final thesis, I came to Nordic Food Lab to
research many subjects where my varied

interests inerlaced with those of the Lab.
The research arose out of time spent at
the Nordic Food Lab between 29 September and 22 December 2011. The aim
is to describe NFL’s current research to
both chefs and non-specialized readers,
explaining and coding the creative and
scientific methodologies employed during the research at NFL, exploring their
application in food experimentation and
innovation. Over the next month or so
I will be breaking down this thesis into
manageable blog-style chunks, this is
chunk 1 of around 25 I hope you find it
interesting. If you want to ask me any
questions directly, I’m contactable on
Twitter @benreade.
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Taste and Flavour
March 16, 2012
“The Creator, in making man eat in order
to live,

audition and vision, may play an effect
on perceived food flavour.

persuaded him by appetite and rewarded him by pleasure.”

(v)
Complex ecological parameters such as hunger level, expectancy,
cultural background, social situation
or anxiety may also have an effect on
perceived flavour.

(Jean Anthelme Brillat-Savarin, 1825)
In this section we explore flavour,
focusing on using the available scientific
knowledge to help chefs and other food
industry professionals to develop new
concepts, techniques and recipes. As
chef Andoni Luis Aduriz of the famous
Basque restaurant Mugaritz writes (in
collaboration with Arboleya et al (2008),
“cooking and science are well placed to
work in harmony for both the development and realization of innovative and
[healthy] dishes.”While studying how, at
NFL, scientific knowledge can help chefs
utilize the full potential of ingredients,
novelty should not be pursued for it’s
own sake. While new techniques can
and should be used when relevant,
these are tools to achieve an end, the
end being more important than the
means (Adria et al 2006).
Components of flavour perception
(i)
Tastes - perceived soluble molecules in the mouth, commonly listed
as the tastes for sweet, salt, sour, bitter,
umami.
(ii)
Aroma – ortho-nasal perception
through the nostrils on inhale and retronasal perception which occurs during
exhale –
it is suggested that humans
are particularly well adapted for retronasal odor perception (Shepard, 2012).
(iii)
Trigeminal nerve sensations
that include chemesthesis (pungency
(garlic), hotness (chili) or freshness
(mint)) as well as feelings of temperature, pain, texture, touch etc.
(iv)

Other senses, for example
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The most important thing in food preparation is achieving a delicious flavour.
Everything else comes second. It has
been shown again and again that the
flavour of a food is key to its acceptability (Ahn, 2011. Klosse et al, 2004).
Taste and smell are the body’s principle mechanism for assessing the
chemical composition of foods, for both
nutrients and toxicity (Chandrasekhar,
2006;, Morini, 2007;, Sell, 2006). They
are known as the ‘chemical senses’ and
they are the oldest senses we have.
We are rewarded by food that gives
us nutrients with good taste, we find
certain foods pleasurable, because they
benefit us. ‘Quot sapit nutrit’ (from Latin
as:‘If it tastes good, it’s good for you’).
From the perspective of a ‘Darwinian
gastronome’ humans have evolved
tastes for certain chemicals which give
us pleasure because of their nutritional
benefits, not for some innate feature
of the ingredient itself (Darwinian
gastronomy – defined by Sherman et
al (2005), refersto the phenomenon by
which man has evolved taste preferences for foods which have led to
‘evolutionary’ benefits, for example,
health and fitness). Preferences evolve
to match the foods which benefit us,
(Sherman 2005, Morini 2007, Meyerhof,
2005). Quite clear examples of this
phenomenon can be seen in some of
the basic tastes. For example, sweetness
is an indicator of sugar levels, thereby
sweetness is a key in recognizing rich
calorie sources in our environment. The
taste umami is triggered principally by
the amino acid Glutamate. Amino acids

are the basic building blocks of proteins,
so by this logic the human desire to eat
foods perceived as umami can be seen
as a biological and evolved mechanism
of recognizing proteins in our food
environment, rewarding the body with
pleasure when we find them.
Our aversion to certain tastes, such as
the overly acidic; or smells, such as that
of amines or mercaptans, is almost
certainly an evolved mechanism to steer
us away from toxic substances or food
spoiled by bacterial decomposition, and
thereby away from food poisoning (Sell
2006).
Indeed some particularly striking
examples of this occur in the cultural
phenomena of spicing food. Spices, due
to their high bioactivity and pharmacological properties have been the focus
of extensive studies, many of which
suggestthat these ingredients have
been selected through human experimentation over millennia on account of
their anti-microbial properties (Sherman
and Hash, 2001; Sherman, 2005). One
example of humans finding plants with
particular aromas appealing can be
found with Myrrh (resin of Commiphora
abyssinica). Myrrh has been used in
perfumery, and food preparation since
ancient times. (Sell, 2006) It just happens to have very strong antifungal and
antibacterial properties – a coincidence
that we find such a potent medical
product pleasurable? Probably not.
To form part of a cultural cache (the
complete collection of cultural knowledge of a given society),a recipe must
prove useful to a culture. The fitness of
an ingredient or technique to form part
of a traditional cuisine is at least in part
defined by the flavour it gives (as well
as nutritional benefits). As cultural ideas
are cross fertilized with cultural migrations and commercial exchanges instead
of instead of an inevitable homogeniza-
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tion of food cultures, an overall increase
of the diversity of local food cultures
may be expected. This is due to each
society using imported customs in their
capacity as bricoleurs they use mixtures of an ever increasing number of
available ingredients and techniques to
create new ways of eating (Montanari,
Massimo (2008) adapted from personal
conversation). At NFL a consciouseffort is made to expand this constant
building on past experience aiming to
create new pillars of local gastronomy in
a diverse world.
In any traditionalsituation, the number
of recipes held within a culture is never
sufficient to completely explore the

possibilities of available ingredients
and even in the case of the invasion of a
new ingredient, which has high level of
fitness to be adapted to a local cuisine,
the chances of the said ingredient ever
completely replacing the local analogue
is low, as with the passing of time, local
products and processes become in some
sense frozen in culture(Kinouchi et al,
2008).
We can note a type of gastronomic
‘founder effect’analogous to that of
evolutionary biology within ingredient
selection patterns. The ’founder effect’
is a loss of diversity due to a small
number of individuals starting an iso-

lated population, or, in our gastronomic
analogue, a small number of ingredients
available to a society during its early
development, may mean that the society develops techniques for processing
limited numbers of ingredients, and
never fully adapts to alien techniques or
ingredients. The practice of this means
that regardless of the invasion by alien
ingredients and recipes, the idiosyncrasies of a local cuisine will rarely disappear. (Kinouchi et al, 2008) While fear of
cultural ‘dilution’ is completely understandable, some mixing is inevitable.
Perhaps we should encourage adopting
foreign ingredients or cultural practices,
i.e. recipes and techniques and assimi-

Food pairing tree of cucumber (Downloaded from Foodpairing.com, 2012)
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lating them into our own cultures, but
only if they can find a suitable place
within the culture. They will only add to
the wealth of ingredients with which
one can experiment. Indeed, the 8th
point in The Manifesto of a New Nordic
Cuisine states this purpose clearly:
”To combine the best in Nordic cookery
and culinary traditions with impulses
from abroad.”
In trying to discover new dishes, many
have looked for patterns or systems
of logic used in flavour combinations.
Particularly interesting theories have
emerged recently, especially the flavourpairing hypothesis that was put forward
in 1992 by Heston Blumenthal of The Fat

Duck and Francois Benzi of Firmenich.
The theory states that foods that share
prominent flavour compounds, will sit
harmoniously together. This theory was
taken forward by the Belgian, Bernard
Lahousse founder of the website www.
foodpairing.com, and after lengthy
experimentation by other top Belgian
chefs, such as Sang Hoon Dengiembre of
L’Air du Temps and Sergio Herman of Oul
Sluis the website now receives considerable attention from food and beverage
professionals.
By analyzing aromatic profiles of
ingredients using gas chromatography
coupled mass spectrometry (GC-MS)
ingredients are inserted into a database.

Following this ingredients can be looked
at in a tree format, with all the other ingredients with which there was a cross
over of aromatic content (See cucumber
flavour ’tree’ below). This system is now
used by some of the world’s top chefs
as a methodology of discovering new
flavour combinations. Previous examples of these have been, caviar with white
chocolate, liver with jasmine, beef with
coffee or chocolate and blue cheese.
However the prevalence of shared
compounds should be taken only as an
indicator of compatibility, and may not
show in any way, how ingredients may
have been used in traditional cuisine.

Peeled cucumber dehydrated at 60°C

”Nodes are ingredients, linked if they share at least one compound. The thickness of links
represents the number of flavour compounds two ingredients share and the size of each
circle corresponds to the prevalence of the ingredients in recipes.” (Graphic and caption,
Ahn 2011)

At NFL when investigating new seasonings and spices a period was spent
dehydrating many different foods, and
powdering them in order to obtain
spices that can be used many ways. It
was discovered that peeled cucumber
responded particularly well to this treatment. While attempting to find uses
for this (possibly) ‘new’ spice (which has

a surprisingly ‘middle eastern’ flavour),
it was found that looking at the flavour
pairing tree for cucumber gave us lists
of ingredients and many ideas for combinations.
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Putting the food pairing hypothesis to
the test, researchers Ahn et al (2011),
studied patterns of ingredient combi-

nation in 56,498 different recipes. Using
topological network patterns between
recipes, it was found that patterns in
flavour combinations differed relative
to geographical location. It seems that
combination principles may not transcend food cultures. In North American
and Western European cuisines there is
a high likelihood of recipes where ingre-
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dients share flavour compounds. However East Asian and southern European
recipes were more likely to avoid flavour
compound overlap (Ahn, 2011).
Analyzing pre-existing recipes is one
way of trying to give some logic to
recipe invention. By using scientific
algorithms for both combination and
processing, predictive models of cookery
experimentation may be born, hopefully
leading to a predictionof acceptability
of a plate, before it is created, this providing alink from theories to practical
problem solving, thereby allowing chefs
to create relatively fewer experiments,
to achieve calculated results.
An analysis of the most successful
plates of 18 Michelin starred chef in the
Netherlands led Klosse et al (2004) to
the conclusion that there were various
things which all of these plates held in
common. It was hypothesized that the
palatability and acceptance of dishes by
diners can be improved by remembering
the following ’culinary success factors’.
Culinary Success Factors
(i)
Name and presentation fit the
expectation
(ii)
food

Appetizing smell that fits the

(iii)
Good balance of flavour components in relation to the food
(iv)

Presence of umami taste

(v)
In mouth-feel a mix of hard and
soft textures
(vi)
High flavour richness
(Klosse et al, 2004)
It is now worth a brief exploration of
each of these points,
(i) Yeomans et al (2007) have found that
name and presentation may be less
important with highly novel foods such
as the smoked salmon ice cream with

which they experimented.
(ii) Aromas should match colours, as
diners may discount their nasal perception on account of misleading information available from the visual senses.
(Morrot, 2001)
(iii) Flavour balance should be kept, not
serving any dishes that are too rich in
any of the 5 basic tastes. It is worth
noting that in nature, often sweet and
sour tastes come together (for example
in fruit).Salty and umami tastes are
frequently served together, for example
with salted meat, although the salt
normally comes through human addition.Many flavours in nature are not
particularly sensitive to concentration:
add more apricot to yogurt: it becomes
sweeter and more acidic and it will taste
more of apricot, this can be continued
until there is only the apricot with a tiny
amount of yogurt, it may serve a different purpose, but if it’s a good apricot it
will not be out of balance (Taylor, 2002).
With powerful seasonings and spices
it is important to remember that too
much can be overwhelming.
(iv) Not only L-Glutamate is perceived as
umami.Other molecules, such as 5’-IMP
and 5’-GMP are highly synergistic with
glutamate, very small quantities can increase overallumami taste and hedonic
rating (Zhang et al, 2008) (More on this
in a later post).
(v) It was seen in the report as crucial to
have a mixtures of textures in a certain
plate. For example having something
crispy or crunchy on one side with
something juicy, creamy or moist on
the other (Klosse et al, 2005). Drawing
from humanitarian sciences, perhaps
it is interesting at this point to consider how meals were constructed to be
considered balanced in the times when
Hippocratic medicine was the prevalent
dietetic doctrine. The strength (for a
chef) of this philosophical approach to
diet construction is the emphasis on
balance. In order to obtain this balance
the diet, and for our uses perhaps the

individual plate should be balanced
between the four elements; air, fire,
earth and water; in order to maintain a
stable humor. Each of the elements, was
held as having its particular qualities:air
which is hot and moist; fire, being hot
and dry; earth being dry and cold and
water, which is cold and wet. In this
system of dietetics, a balanced plate of
food would represent each of the four
elements so as not to cause dietaryimbalance in the consumer. I suggest that
by using this ancient philosophy, chefs
can construct plates which represent
(if only to themselves) each of the four,
thereby giving a framework on which
to build an aesthetically balanced meal.
See diagram below of the hippocratic
elements.
(vi) Flavour richness can be improved
by many techniques. However, without
adjusting the food itself, more flavour
compounds are released with increased
mastication. As food particles are broken
down to increasingly small sizes by mastication more volatile parts leave the
food and are perceived as retro-nasal
aroma. Mastication also allows a greater
surface area of the food to be exposed
to digestive enzymes, thus increasing
nutrient absorption. Food mastication can be increased by thinning the
saliva (This, 2002). This works because
the diner must chew more in order to
achieve a homogenous paste that can
be swallowed. Tannins have the effect of
precipitation salivary proteins (Bajec and
Pickering, 2009),which is why we feel
grainy particles in our mouths when we
drink tannic wine or eat astringent fruit.
This has the effect of meaning a diner
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will have to chew more to form bolus,
thus allowing them to enjoy the release
of aroma for their retro-nasal benefit.

Adria, F. et al (2006) Statement on the
‘new cookery’, The Observer 10 December 2006

fragrances from perfumer to Consumer,
Royal Society of Chemistry, Cambridge,
UK.
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Aromatic Plants
March 17, 2012
The story goes that Nero’s palace
was filled with doves that flew with
perfumed wings: the collection and
application of aromas continues to be
a very important feature of the modern
kitchen, though at NFL there has been
attempt to match Nero’s style and more
modern techniques like fans, or perfumed cushions under plates are cleaner
and more efficient (if less charismatic).
Mention has been made that flavour
molecules are volatile, or aromatic molecules. In relation to food this is relevant
as they can become airborne at the
temperature of the mouth (above 33°C)
to then pass via the throat in ’retronasal’ sensing to then be perceived by
the brain as a part of flavour. At NFL, to
help with and the creative processes,
a list has been compiled of plants that
have been embraced by New Nordic
Cuisine, especially for their distinctive
aroma. This list was assembled through
brainstorming with a number of chefs
with lengthy experience in the Nordic
cuisine, especially at Noma. The list is a
useful guide to some of the more particular plants used in the Nordic Cuisine,
but it is by no means comprehensive
and many other plants available in the
area should be investigated (ethnobotanical research on local traditional
communities is recommended to gain
further knowledge of available edible
plants, and discovery of plants which
may be new to NNC). The parts of the
plant used and their scientific names
have been given in order to avoid confusion. Many of the plants on our list have
strong effects on microbial populations;
further research and literature review
of these and other plants should be
undertaken in order to understand how
use of these plants could influence microbial action. This is particularly useful
to the chef wishing to embark on a
series of fermentation experiments. Not
all of the ingredients can be produced
in Denmark, but many have become
entangled with local culinary tradition

with time and so have been included. To
a certain extent it can be said that one
way to define a culture is by what it excludes: New Nordic Cuisine has chosen
to exclude black pepper form the list of
possible ingredients, which may lead
chefs to use a larger variety of alternative interesting spices.
Incomplete list of Nordic aromatics
This list is given in order of vernacular
English name to allow easy reference by
cooks. The list is, by definition incomplete, but perhaps gives an idea of some
of the commonly used ingredients that
are not typical to other geographical locations. Some species listed are lichens
(denoted by #), or fungi (denoted by *),
and so not plants, however, the author
does not feel that should be a problem.
Staple agricultural products such as
grains, common fruits and legumes are
not included.

Common Name
Latin Name
Parts Used
Allspice
Pimenta dioica
(L.) Merr.
Fruits
Angelica
Angelica
L.
Fruits
Anise
Pimpinella anisum

L.
Fruits
Beechnuts
Fagus sylvatica
L.
Seeds
Birch
Betula
L.
Sap
Black mustard
Brassica nigra
L.
Seeds & Leaves
* Black trumpet
Craterellus cornucopioides
(L.) Pers.
Arial Parts
Blackcurrant
Ribes nigrum
L.
Fruits & Leaves
Bladderwrack
Fucus vesiculosus
L.
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Leaves

Fruits

Dulse

Blueberries

Coriander

Palmaria palmata

Vaccinium cyanococcus

Coriandrum sativum

(L.) Kuntze

Rydb.

L.

Fronds

Fruits

Seeds

Elderflower

Caraway

Cowberry

Sambucus nigra

Carum carvi

Vaccinium vitus-idaea

L.

L.

L.

Flowers & Fruits

Seeds

Fruit

Fennel

* Cep

Crabapple

Foeniculum vulgare

Boletus edulis

Malus sylvestris

L.

Bull. (1782)

(L.) Mill.

Arial Parts & Fruits

Arial Parts

Fruit

Garlic

Chervil

Cucumber

Allium sativum

Anthriscus cerefolium

Cucumis sativus

L.

(L.) Hoffm.

L.

Bulb

Arial Parts

Fruits

Gooseberry

Chestnut

Dandelion

Ribes uva-crispa

Castanea sativa

Taraxacum officinale

L.

L.

F. H. Wigg

Fruit

Seed Kernels

and

Green juniper

Chickweed

T. erythrospermum

Stellaria media

Andrz. ex Besser

Juniperus chinensis
L.
Cones

(L.) Vill

Leaves
Dill herb

Arial Parts
Cloudberries
Rubus chamaemorus
L.
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Anethum graveolens
L.
Arial Parts & Seeds

Greenland Labrador tea
Rhododendron groenlandicum
(Oeder) Kron & Judd
Leaves
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Ground-elder

Kelp

Nutmeg

Aegopodium podagraria

Laminariales

Myristica fragrans

L.

Migula, 1909

Gronov.

Young leaves

Leaves

Seeds

Hay

Lemon thyme

Pine

Mixed species, mostly grasses

Lemon citriodorus L.

Pinus sylvestris

Arial Parts

Leaves & flowers

L.

Hazelnuts

Lemon verbena

Fresh Growth & Leaves

Corylus avellana

Aloysia citrodora

Quince

L.

Palàu

Cydonia oblonga

Nuts & husks

Leaves

Mill.

Heather

Liquorice

Fruit

Hedera

Glycyrrhiza glabra

Ramsons

L.

L.

Allium ursinum

Arial parts

Root

L.

Hops

Lovage

Arial Parts & Bulb

Humulus lupulus

Levisticum officinale

# Reindeer moss

L.

W. D. J. Koch

Cladonia rangiferina

Flowers

Leaves, Stems & Roots

(L.) Weber ex F.H. Wigg. (1780)

# Iceland moss

*Morel

Arial Parts

Cetraria islandica

Morchella esculenta

Rhubarb

(L.) Arch.

(L.) Pers. (1801)

Rheum rhabarbarum

Arial Parts

Arial Parts

L.

Juniper

Nasturtium

Stems

Juniperus communis

Tropaeolum majus

Rowan berries

L.

L. 1753

Sorbus aucuparia L.

Wood & Cones

Leaves, Flowers & Seeds

Fruits & Shoots
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Samphire

Laminaria saccharina

Myrica gale

Salicornia europaea

(L.) Lamouroux

L.

L.

Leaves

Arial parts

Arial Parts

* Summer truffle

Willow

Sea lettuce

Tuber aestivum

Salix

Ulva lactuca

Vittad. 1831

L.

L.

Fruiting body

Leaves & Flowers

Leaves

Tarragon

Woodruff

Sea buckthorn

Artemisia dracunculus

Galium odoratum

Hippophae

L.

(L.) Scop.

L.

Arial Parts

Arial parts

Fruits

Thyme

Yarrow

Sloe

Thymus vulgaris

Achillea millefolium

Prunus spinosa

L.

L.

L.

Leaves & Flowers

Arial parts

Berries

Walnuts

Sorrel

Juglans regia

Rumex acetosa

L.

L.

Kernels

You can expect us to add to this list with
time, and we’d appreciate your additions
too! Please be in contact if you know
a plant, especially a wild one used in
Nordic cuisine which is not on this list
but should be, there are many.

Leaves

Watercress

Spruce

Nasturtium officinale

Picea

L.

Mill.

Arial Parts

Arial parts

White mustard

Stone crop

Brassica juncea

Sedum

(L.) Czern.
Seeds & Leaves

L.
Sugar kelp
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Wild bog mirtyl

Here is a wonderful application of a
variety of wild aromatics, prepared by
Carol Choi of the Noma pastry section
for a ’Saturday night project’ (check out
@ReneRedzepiNoma #saturdaynightprojects for more great ideas from the
staff and stagiers). The dish, a delightfully light composition of chestnuts,
woodruff, cowberry, pickled pine shoots
and spruce granita really captured the
imagination of all those who were lucky
enough to taste it - an exemplary demonstration of how aromatic plants can
be used to create harmonious, delicate
and delicious dishes.
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About the author
My Name is Ben Reade, I’m a chef from
Edinburgh, Scotland, and for the past
3.5 years I have been studying at The
University of Gastronomic Sciences in
Pollenzo, Italy. For my final thesis, I came
to Nordic Food Lab to research many
subjects where my varied interests iner-

laced with those of the Lab. The research
arose out of time spent at the Nordic
Food Lab between 29 September and 22
December 2011. The aim is to describe
NFL’s current research to both chefs
and non-specialized readers, explaining
and coding the creative and scientific
methodologies employed during the
research at NFL, exploring their ap-

plication in food experimentation and
innovation. Over the next month or so
I will be breaking down this thesis into
manageable blog-style chunks, this is
chunk 2 of around 25 I hope you find it
interesting. If you want to ask me any
questions directly, I’m contactable on
Twitter @benreade.

Capturing Aroma
March 18, 2012
“Smell is a potent wizard that transports you across thousands of miles and
all the years you have lived”
Helen Keller (Harman, 2006)[1]
Aroma can be captured in a number of
different ways. As explained in the previous post this should be taken seriously
in the modern kitchen as it allows great
scope for innovation. In our quest to
get the most of aroma, we wanted to

be able to capture the aroma which fills
the room when heating ingredients. For
this reason apparatus was developed
as a system of aroma capturing, based
on a crude distillation still. While we
have breifly mentioned the aparatus in
a previous post, now I’ll tell you exactly
how to use it. BUT, pressure cookers and
heat and vapours can be dangerous, and
if you are careless, the whole contraption could blow up in your face, while
I see this a pretty safe, others may not

concider it as such - so dont come crying
to me if it all goes wrong! The equipment is made using (mostly) standard
kitchen apparatus (except some plastic
tubing, small grommets and cotton
wool). I hope that the ease with which
this apparatus can be assembled and
used will inspire artisan cooks in the
house and restaurant kitchen, as well as
those interested in more industrial style
technique, to recognize the potential of
the apparatus.
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Using aroma capturing apparatus
· The heat source should not be from a
naked flame – induction is best. This is
particularly dangerous if using alcohol
or other flammable liquid, so be careful.
Remember, that in most countries, distilling alcohol is illegal without license.
· The broken ceramic in the pressure
cooker replaces what chemists would
call boiling stones. These encourage
bubbling, and therefore mixing and
evaporation. Use lots of small pieces,
and make sure you strain them PROPERLY, if you are going to use the liquid
left in the pot.
·Don’t fill the pot too full, it will bubble
and any particles, which enter the tube,
will be pushed through to your distillate, making it cloudy or full of particles
– which, depending on the application,
may defeat the entire purpose.
· The tube feeding from condensing
chamber into reception flask should
arrive at the bottom of the reception
vessel.
· Adding a layer of fat will capture more
volatile molecules; it will however leave
you with a layer of fat on your distillate - most volatile compounds are fat
soluble.
· When around 10 drops per minute are
coming into the reception flask, then
you are distilling at the correct speed.
When you arrive at this speed look at
the thermometer to stabilize the temperature at this point.
· If you wish to arrive at this temperature again, for a second batch, then you
should always check that there is condensation on the thermometer bulb,
otherwise the temperature reading
may be very inaccurate.
· Make sure you detach the tubing
before lowering the temperature inside
the pot. Otherwise as the cooling lowers the pressure within the pressure
cooker, all of your carefully collected

SIDE 44 | NORDIC FOOD LAB |

distillate, will be sucked back into the
pot.
· To prevent the escape of volatile components, cool the distillate as fast as
possible in a tightly sealed container. It
can be stored frozen.
· Use a craft knife to cut holes in plastic
tubs and rubber grommets to make
these holes water and airtight. Make
sure you get grommets that fit your tubing, and tubing that fits your pressure
cooker air vent.

Applications of aroma capturing
apparatus
· Whenever an aromatic liquid is boiled
the apparatus can be used. This allows
us to collect a considerable amount
of different aromas, which, cooled and
packed down in small vacuum bags,
can be frozen until a relevant use is
found.
· These hydrosols may be put into spray
bottles that can be sprayed over food
directly before serving.
· One way of keeping the aroma is to

encapsulate it. Use thickeners and gelling agents to make gels, which contain
the aromatic molecules. This has been
done with the chicken stock recipe (see
at the end of this post) making use of
the gelatin in the chicken stock. This
is the process used in the production
of traditional Turkish delight, which
use corn flour to thicken a hydrosol of
(traditionally) rose.
· Aromatise foods being cooked sous
vide. However, the food cooked sous
vide should be cooled before opening,
as, again the volatile nature of these
molecules does not allow for extended
periods at warm temperatures without
the smell escaping.
· Change the collection beaker every 100
ml or so, you will notice that different
fractions have different aromas and
strengths. You may wish to mix them
or use them for different purposes.
· For aroma collection from solids, i.e.
herbs, see below, for steam distillation.

Making Chicken Stock with the
apparatus
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Adaptation of apparatus  for ‘steam
distillation’
If the aroma you wish to collect is from
a solid such as a herb, use the following
process to make a very rough steam
distillation device. We will use the distillation of pine (Pinus sylvestris L.) as an
example.
Place a metal laboratory tripod inside
the pressure cooker. Set up; on top of the
tripod; a divider of a steaming basket or
drum sieve half way up the inside of the
pressure cooker. Fill the pressure cooker
with water until just below the layer of
the basket.
Take the recently harvested pine, break

the wood of the pine into small pieces,
and blend the pine needles until they
are fine. Put this all immediately on top
of the sieve divider.

Harman, L. (2006) The human relationship with fragrance, in Sell, C.S. (ed) TheChemistry of Fragrance, Royal Society of
Chemistry, London, UK.

Close the pressure cooker and bring to
the boil.
Make sure you have a large collection
vessel, because you will collect considerable quantities of hydrosol and possibly
a miniscule amount of essential oil.

About the author

[1] Hellen Keller (1880-1968), who was
deprived of senses of audition and vision
from 19 months old, was the first deaf
and blind person to receive a Batchelor
of Arts degree
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and non-specialized readers, explaining
and coding the creative and scientific
methodologies employed during the
research at NFL, exploring their ap-

plication in food experimentation and
innovation. Over the next month or so
I will be breaking down this thesis into
manageable blog-style chunks, this is

chunk 4 of around 25 I hope you find it
interesting. If you want to ask me any
questions directly, I’m contactable on
Twitter @benreade.

Bitterness, Fire and Alkali
March 19, 2012
Bitterness is a very intriguing taste. Humans are born with an aversion to bitter
tastes (Morini, 2007) and through life
we learn to appreciate bitterness, many
adults actively searching the taste in
their food. Bitter tasting molecules are
hugely diverse, with little or no chemical
characteristics grouping them together
as a unit. Bitterness is thought to be
a survival mechanism for recognizing
toxins in our environment, most poisons
are very bitter. As we grow older however humans develop knowledge of what
can and cannot be eaten. This knowledge removes some of the need to have
an aversion response to the taste and
the tendency is that humans start to
appreciate bitter taste when it is not
too strong. This is useful, as many bitter
compounds act as anti-oxidants, which
slow the body’s aging. In NNC, there is a
big focus on vegetables, especially green
and bitter varieties, often from the
botanical family brassicaceae and the
multitude of wild herbs all tend to have
a certain bitter taste. Bitterness can
also be added or removed from dishes
though processing technique. Examples
of techniques that add a bitter note
are the Maillard reactions between
amino acids and sugars (especially in
the presence of heat). Maillard reactions
can be increased in alkali environment,
for example, adding a pinch of sodium
bicarbonate to browning onions will
increase the speed with which they
develop the distinctive ‘toasted’ and
‘dark’ flavours.
Smoking, especially of meat, has a long
history in Nordic cultures; it has been
shown to prevent rapid development of
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molds, which is particularly important
in humid environments. Toasted grains
are also used to stimulate the bitter
sense along side the complex aroma the
which heat gives to grains. Fire, quite
probably, has been the single biggest
technology in human development.
Throughout the millennia of human
history we have been gathered around
the fire, we have cooked on it, and possibly learned some kind of innate draw
toward the flavour of fire heated foods
which are often microbiologically safe
and easier to digest. Perhaps it is for this
reason that smoked foods and foods
cooked above open fire are so very appetizing. At Noma, a considerable amount
of food is cooked on open coals, using
only the finest charcoal.
Interestingly, Dan Barber’s Blue Hill
Farm (Great Barrington, Massachusetts),
are making their own charcoal out of
a huge variety of organic substances,
for example lobster shells, which, when
burned, will impart a bit of their flavour
onto a cooking lobster. It should be emphasized that open coals, fire and smoke
add specific nuances, which have a high
acceptability with those eating.
When smoking Atlantic Salmon in
Denmark and Norway the wood most
frequently used are beach, however
many fruits woods such as apple, pear
or cherry are also used.. When burning wood, one is inevitably left with
considerable quantities of ash. This too
has uses, and ashes of different woods,
can provide varying flavours to meat. In
Nordic Cuisine ash of various plants is

used, and especially of hay, to roll meat
in, especially charcuterie, in order to
add a unique flavour that only fire can
produce.
Ash when in water, will form a strongly
alkali solution. This can be used for a
number of ways: strong alkalis are used
in the kitchen and here we show a few
of these applications – also closing the
circle of this chapter, bringing it all back
to bitterness.
There is a tradition in Nordic Countries
of using ash from the birch tree (Betula
sp.), which is particularly high in potassium carbonate (K2CO3 otherwise known
as potash) and bicarbonate. This ash
can be used to make a strongly alkali
solution, and is recognized by many as a
health giving product (it is often sold in
health food shops as a dietary supplement. It can be used in the kitchen as a
firming agent, due to its precipitation
causing effect on residual pectin. In
Finland it is the traditional curing agent
used in making Lutefisk (Alkali cured
salt cod), which, in other places is generally made with lye.
Alkali solutions (particularly of limestone) are used in south-east Asian
tradition to crisp up both fruits and
vegetables. The crisping of fruits and
vegetables occurs by binding free pectin,
so works best with pectin rich fruits,
especially, citrus, pumpkin and berries.
By heating water and ash followed
by subsequent straining a saturated
solution of potash is obtained, that
will have the effect of hardening fruits
and vegetables so that they keep their
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shape during cooking. Other uses for
alkali in the kitchen include giving the
specific flavour and texture to pretzels,
ramen, black olives, hundred year old
eggs and the Mesoamerican technique
of nixtamalization[1]. Literature review
at NLF led to the discovery of numerous
accounts of using NaOH as a debittering
agent for yeast extracts. We wanted to
use natural occurring products and so
we experimented with debittering the
yeast extract using wood ash for alkalinity, this proved successful (More on this
in a later post).

Further use of potash was made upon
discovery of documents on ethnolichenology[2] documents (Crawford, 2000)
referring to the traditional practice of
soaking lichens in ash solution before
cooking. Although unspecified in the
reference, from our sensory analysis at
NFL of lichen prepared in this way, we
found it considerably less bitter (the
mechanism of which is unknown). The
strong alkali may be instrumental in
breaking down indigestible polysaccharides in the lichen. This experiment was
carried out with Iceland moss (Cetraria

islandica (L.) Arch.), traditionally a famine food of Nordic peoples (see image
below). Interestingly, for populations of
the far north, lichens may be the only
source of dietary greens, due to the fact
that these are largely indigestible, some
populations eat the lichen from inside
the digestive tract of freshly slaughtered
reindeer. By consuming them in this way,
the lichen is presumable more easily
assimilated by the human body thanks
to hydrolyzing work by the reindeer’s
digestive enzymes (Nabhan, 2004).

[1] Nixtamalization – the process of
using alkali to break down maize for
making tortillas, it releases nutrients,
importantly niacin from the maize,
thereby preventing pelagra

Nabhan, G.P. (2004) Why some like it
hot: food genes and cultural diversity
Island Press, USA.

[2] Ethnolichenology – The study of
the human relationship to, and use of
lichens.
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Iceland moss (Cetraria islandica)
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Hello Sweetness!
March 20, 2012

Vintage Carrots and Apples
Sweetness, one of the basic tastes, is of
vital importance to cuisine. Although
table sugar (sucrose) is generally seen
as the basic ingredient and reference
point for sweetness, NNC tends to steer
away from overly sweet dishes, preferring to use little of no table sugar and
taking sweetness from other ingredients, which are relevant to the region.
Examples are given below of sources of
sweetness which are or are becoming
relevant to New Nordic Cuisine.
The highest concentration of sugars
found in nature in the Nordic region
comes form honey. There is a huge
variety of honeys, each with it’s own peculiar characteristics. Depending on the
flowers from which the bees have been
harvesting nectar the honey will contain
different aromatic molecules, giving the
honey drastically different organoleptic
characteristics. Honeys vary in viscosity,
texture and aromatic profile; considerable variation exists between different
honeys in sweetness, bitter and mineral
tastes.

Many pieces of pork cooked with different malt based marinades ready for sensory analy-

A second important source of sweetness
to Nordic peoples is barley malt. Malt
is obtained from germinated barley
grains that have been dried and toasted
to stop sprouting. The grains are rich in
sugar, particularly the disaccharide maltose, which has a very distinct flavour a
relative sweetness of approximately 0.5
(Relative sweetness is always measured relative to sucrose). Malt is used in
the Nordic kitchen primarily for beer
brewing, as well as for making extracts
that can be used in a similar way to honey. Barley malt is rich in enzymes that
the seed utilizes to hydrolyze its own
structure in order to free energy for the
plant’s growth. After a visit to a brewery,
I realized that the temperature at which
malt is kept to activate it’s enzymes is

the same as that used in a lot of sous
vide cooking 60-65°C. The enzymes in
malt are primarily amylolytic, or starch
breaking, and break down the starches
in the grain into simpler sugars for the
plant metabolism, or in the case of
beer making, making sugars available
for yeast nutrition. There are also small
quantities of both proteolytic (protein
breakdown) and lipolytic (lipid breakdown) enzymes present in malt and this
led to experimentation with cooking
meats in sous vide bags with malt. Over
thirty different recipes were developed,
implemented and tasted in a double
blind sensory analysis with four chefs
as tasters. The results were conclusive;
pork cooked with malt was more tender,
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sweeter and more enjoyable than that
without malt. It was found that by cooking pork (which is often cooked and/
or served with sweet accompaniments
in traditional Nordic cuisine) at 65°C
for varying times with the malt and a
little water (times 1-8 hours depending
on the cut of meat) the meat took on a
sweetness from the maltase and increased tenderness (presumably) from the
proteolytic and lipolytic enzymes.
The next sweet ingredient to be looked at in brief is liquorice (Glycyrrhiza
glabra) (see below). Liquorice, is an ingredient that has long been celebrated
in Scandinavia. The root of Glycyrrhiza
glabra contains a very potent sweet
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compound ‘glycyrrhizin’ which has a
relative sweetness of approximately
40 times the sweetness of sucrose.
The root, which has been used traditionally for many purposes, including oral
hygiene and (especially in Scandinavia)
confectionary offers interesting possibilities to the modern chef. One particular
use, which was found at NFL, is the use
of liquorice in acetic fermentations.
Because of the non-fermentable nature
of glycyrrhizin the resulting vinegar is
sweet along side the acidity of the vinegar giving a fascinating flavour, which
has great length in the mouth (more on
this in a later post).
Another interesting avenue of sweetness investigation at NFL has been that
of koji. Koji, a mold culture of A.oryzae
and A.soyae that, in Japan is traditionally
grown on one or a mixture of rice, barley
and soybeans. The mold culture is used
to hydrolyze the starches and proteins
in the fermentation substrate. It does
this through the production of hydrolytic enzymes. During the process the
grains become very sweet and delicious.
Although most investigation of koji at
NFL has involved subsequent fermentation - for sake, soy sauce or miso etc), the
ingredient deserves further investigation for it’s very individual flavour and
sweetness. One interesting application
has been described in an earlier post by
Lars, ’Our kind of Cake’. NFL is currently
working with microbiologists to find
local strains of molds, which can be used
to similar effect.
In all of Europe, probably the most ubiquitous form of sweetness is that of fruits and some, especially root, vegetables.

Liquorice root (Glycyrrhiza glabra)

Fruits are also typically quite high in
acidity. Use of a juicer in order to obtain
high quality juices that can be used very
fresh has become increasingly important in modern food. Freshly juiced fruits
and vegetables are recognized for their
health giving properties. Fresh juices
from fruits are typically very delicious,
rich and balanced in both sweetness
and acidity. It is important to remember that if a juice is not sweet enough
for the desired purposes, rather than
using sugar or another sweetener, it
can be a much more successful strategy
to concentrate it at low temperatures
with a large surface area until the right
consistency and flavour is achieved.
The concentration of sugars should be
measured with a refractometer to ensure consistency in recipes. Some fruits
and vegetables may produce low yields
of juices; these can be improved with a
number of strategies. The use of a Superbag, a very strong and fine meshed
(100 micron) bag can be used to squeeze
pomace of some more difficult-to-juice
ingredients (e.g. celeriac), as well as help
in clarification with any juice.
Freezing and thawing the fruits
before juicing may increase the yield
by breaking down cell structure (e.g.
quince). Centrifuging can be very useful
in separating suspended solids out of
juices, thereby clarifying and splitting
the juice into various useful fractions
(juice of garden peas has proved particularly interesting). Yields, processing
strategies and °Brix (a measurement of
the refractive index of a liquid which is
indicative of sugar concentration) for a
small selection of fruits and vegetables
are given in below.

Strategies, yield and °Brix for fruit
and vegetable juicing

Barley Koji

Vegetables

Carrots
Peeled, tops and tails removed
45% yield
6.5°Brix
Pears
Peeled, cored and quartered
64% yield
8.5°Brix
Green apples
Quartered
46% yield
11°Brix
Beetroot
Peeled and quartered
59% yield
10°Brix
Cucumber
Peeled and topped
63% yield
2°Brix
Cabbage
Outer leaves removed
35% yield
7.5°Brix
Celeriac
Thickly peeled, pomace squeezed
52% yield
6.5°Brix
Quince
Frozen slowly and thawed
54% yield
12°Brix
To ripen climacteric fruits (pears, plums,
apricot, apple, quince, etc.), lowing acidity and raising sugar levels, the chemical
ethylene can be used. Ethylene is used in
a synthesized form in the fruit industry
to ripen fruits when they are required.
This can be applied in the household/
restaurant scale by using fruits that
produce the chemical, especially bana-
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nas, however, meadow hay will often
produce more, lasts longer, and does not
get ripe/rotten itself. For this reason by
filling a wine box with alternate layers
of hay and e.g. apricots, and leaving
it closed, the hay, at the same time as
keeping the fruits from touching each
other (which would encourage molding)
will also help ripen the fruits. I have
carried out numerous experiments, and
the hay not only makes the fruits ripen
faster and more evenly but also imparts
a specific flavour, which can be described as beneficial.

About the author
My Name is Ben Reade, I’m a chef from
Edinburgh, Scotland, and for the past
3.5 years I have been studying at The
University of Gastronomic Sciences in
Pollenzo, Italy. For my final thesis, I came
to Nordic Food Lab to research many
subjects where my varied interests inerlaced with those of the Lab. The research
arose out of time spent at the Nordic
Food Lab between 29 September and 22
December 2011. The aim is to describe
NFL’s current research to both chefs
and non-specialized readers, explaining
and coding the creative and scientific
methodologies employed during the
research at NFL, exploring their application in food experimentation and
innovation. Over the next month or so
I will be breaking down this thesis into
manageable blog-style chunks, this is
chunk 4 of around 25 I hope you find it
interesting. If you want to ask me any
questions directly, I’m contactable on
Twitter @benreade.
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Umami and Dashi
March 21, 2012

In 1825, Brillat-Savarin wrote in the
‘Physiology of taste’ about ‘osmazome’
which he described as “the purely
sapid portion of flesh soluble in cold
water… …the most meritorious ingredient in all good soups”. He was, we
assume, writing of what is now known
as theumami taste. The word umami
was suggested in 1908 by the Japanese
chemist Kikunae Ikeda. Umami is a
composite word constructed from the
Japanese words ‘umai’ – delicious and
‘mi’ – essence or taste (Mouritsen et al
2011). High levels of umami are found
in a number of products familiar to
(although certainly not all originating
in) the Nordic region. Notable examples include mature hard cheese, cured
anchovies, fish sauce, yeast extracts,
tomatoes, soy sauce, meat stocks, cured
meats, bottarga and fish liver. The
umami taste is principally due to monosodium glutamate (glutamate, MSG
or, when used as an additive in Europe,
E621) and certain 5’riboneuceotides,
which are synergistic with glutamate,

increasing umami taste.
MSG and the umami taste shows
high synergism with numerous other
compounds, of which an example is
inosine-5’-monophosphate (inosinate
or IMP). The presence of 200µg of IMP
can increase umami taste sensitivity by
15 times (Zhang et al 2008). IMP can be
found in various foods including bacon
and katsuobushi (cured skipjack tuna
(Katsuwonus pelamis).
Another synergistic compound is guanosine-5’-monophosphate (guanylate or
GMP) (Mouritsen et al, 2011; Zhang et al,
2008; Cairoli et al, 2008). GMP is found
in numerous places including Shitake
mushrooms (Mouritsen et al 2011), and
yeast extracts (Sombutyanuchit et al
2001).
In association with Lars Williams at NFL,
Mouritsen et al (2011) researched the
possibility of using Nordic seaweeds to
create innovative broths that, analogous
to Japanese dashi are rich in umami

taste. Japanese dashi (an umami rich
broth) is typically made from konbu
(Saccharina japonica), Nordic seaweeds
of particular interest for broths were
dulse (Palmaria palmata) and sugar kelp
(Saccharina latissima). Broths of the
above species, especially dulse proved
good at enhancing the overall flavour
of a number of preparations, including
ice-cream, fresh cheese and bread
(Mouritsen et al 2011). It was found that
seaweeds should be aged and dried
slowly (hung in cellars) for some time –
during which the flavour becomes more
balanced and the umami taste more
pronounced. The aging of the fronds,
particularly those of dulse, was found to
be critical for achieving good flavour.
Dashi can be made with Nordic seaweeds using sous vide technology,
which makes the process very simple to
control. To make a dulse dashi sous-vide,
put bags containing 20 g of dulse into 1
L of water. Seal the bag at high vacuum
and leave at room temperature for 30
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minutes, allowing the seaweed time
to hydrate. After this step put the bag
into a circulating hot water bath kept
at 60°C. Cook the dashi for 45 minutes
then strain and cool. It should be noted
that the addition of bacon, chicken or
GMP rich yeast extract may increase
umami significantly. In an analysis of
dulse by Mouritsen et al (2011), it was
found that dulse releases more sweet
amino acids alanine, proline, glycine and
serine, but less glutamate than konbu.
In creating Nordic dashi an interest
arose as to how the broths could be
concentrated. It was discovered that by
complete dehydration a crisp could be
obtained with an almost overpowering
savoury taste. The crisps were tried with
a variety of seaweeds, the most successful of which was aged rausu-konbu,
(Saccharina japonica). The crisps have,
since invention appeared on the Noma
menu, accompanying cod liver and milk
crisp. To make them, the following recipe
should be followed:

Kelp Crisps
· 23 g Rausu-konbu
· 1 L water
· Above ingredients are combined in a
vacuum bag and sealed
· The bag is left at room temperature for
30 minutes
· Then the bag is put into a water bath at
60°C for 45 minutes
· Empty the liquid from the bag into a
flexible plastic container 10x10x10cm

· Seal pork fillet in a sous vide bag and
cook at 65°C for 1 hour
· The fillet is then smoked at 120°C for 3
hours
· Cool to room temperature and inoculate with spores of Aspergillus glaucus
Kelp crisps sitting on top of a frond of
konbu (Saccharina japonica)

· The mold is scraped off as the fillet
continues to dry at room temperature

Furthering interest in dashi in the Nordic kitchen, a version of katsuobushi had
to be developed. As tuna of all sorts are

· Scraping continues until it stops taking
hold due to dryness of the pork

now recognized as endangered species,
it was decided that the best thing to
investigate was pork. This was simultaneous to David Chang and Daniel
Felder’s investigation into the same
thing in the laboratories of Momofuku
(their great article can found - Chap 10
here - http://www.sciencedirect.com/
science/journal/1878450X ). Pork is an
iconic food product in Denmark, being
among the world’s biggest producers.
The meat is recognized for its ability to
create large amounts of umami flavour,
with levels of naturally occurring IMP
reaching 122mg/100g and, in the fillet
40mg/100g of glutamate (Umami
Information Center, 2012). This led to
the production of a smoke and mold
(Aspergillus glaucus) cured pork fillet
which, shaved into a broth, in the traditional method used for Katsuobushi,
gives considerable increments in the
level of umami taste. The recipe for NFL’s
‘porkuobushi’ is given below.

Porkuobushi

· Place container in the oven at 80°C
with 0%RH until it starts to thicken
· Container should then be put into a
food dehydrator @ 60°C
· When dry, crisps can be removed by
bending the container.
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‘Porkuobushi’ ready to have Aspergillus
glaucus spores scraped off.

· The porkuobushi will be dry like wood
and can be shaved into broths.

Bibliography
Cairoli, P. et al (2008) Studies on
umami taste. Synthesis of new guanosine 5’Phosphate derivatives and their
synergistic effect with monosodium
glutamate, Journalof Agricultural Food
Chemistry 56 : 1043.
Mouritsen, Ole G. (2011) Seaweeds
for umami flavour in the new Nordic
Cuisine, Paper submitted to Flavour ,
revised version of Dec. 7 2011
Sombutyanuchit, P. et al (2001) Preperation of 5’-GMP-rich yeast extracts from
spent brewer’s yeast, World Journal of
Microbiology and Biotechnology 17 : 163.
Umami Information Center (2012)
Retrieved 4/2/2012 http://www.umamiinfo.com/2011/03/umami-rich-foodmeat.php/
Zhang, F. et al (2008) Molecular mechanism for the umami taste synergism,
Proceedings of the National Academy of
SciencesUSA 105 : 20930.

BLOG POSTS

Umami Arising from Salt Rich Fermentations
March 22, 2012
Salt rich fermentations can be used to
create high level of umami taste. Often
the salt shuts off most possibility for
microbial activity, so enzymes perform
most of the protein breakdown required
for umami taste. These enzymes may be
naturally in the fermentation substrate
(endogenous), or may be added (exogenous). To add, many salt rich fermentations, especially those which will
later become sauces, regardless of how
delicious they might be are brown in colour are not very photogenic - so photos
today are really a bit random. Salt rich
fermentations are often used in creating
food products that are both rich in acid
(especially lactic acid, as many species
of lactic acid bacteria manage to live in
salt rich solutions) and in umami, due
to the enzymatic activity on proteins
(especially in legumes, meat and fish).
Some yeast species are salt tolerant (eg.
Zygosaccharomyces rouxii) meaning
that some salt rich ferments are also
quite rich in alcohols. In the following
couple of posts there follows a brief look
two of NFL’s more successful forays into
salt rich fermentation, today, fish sauce
and, definately worth returning for tomorrow (new post tomorrow morning),
a Nordic variation on soy sauce. Happy
umami hunting!

Fish sauce
One particularly rich source of umami
tasting compounds is fish sauce. NFL
were inspired to experiment with creating several different fish sauces. Amano
(1962) defines fish sauce as the “Clear
brown liquid hydrolysate resulting form
salted fish”. Although fish sauce is commonly associated with the cuisines of
East Asia, there is a long tradition of fish
sauce in Europe, especially in relation
to the Roman ‘garum’[1]. Analysis of
fish sauces led Park et al (2002) to find
that the most effective compounds for
recreating the characteristic flavour of
fish sauce were glutamic acid, followed

by pyroglutamic acid and alanine.
Traditional fish sauces often take as
long as one year to produce. At NFL a
search was undertaken to develop a successful recipe for a sauce, using Nordic
fish which not only tasted good but also
did not take too long to make.
Enzyme rich materials can be used to
encourage proteolysis, shortening the
fermentation time (Chaveesuk et al,
1993. Aquerreta et al, 2002). For this reason, the fish digestive tracts, which are
full of hydrolyzing enzymes, have been
found useful in encouraging umami
taste in fish sauce, as was common
practice in garum (Grainger, 2010).
The first stage in this was the use of
the fish’s digestive tracts, which, having
been designed to break down the fish’s
food (mostly other fish) and are also ideal for breaking down the fish in the fish
sauce in autolysis. The most successful
recipe trialed used fish digestive tracts
and no fish flesh. This makes the recipe
given below ideal for chefs wishing to
use waste products (only guts of the
freshest fish should be used).

It was also found that exogenous
enzymes could be added using koji
a widespread practice in Japan and
elsewhere in Asia (Hariono et al, 2005).
The most successful of recipes trialed at
NFL included some amount of koji.
In later stages of fish sauce production,
halophilic lactic acid bacteria (LAB)
cultures produce lactic acid that adds to
overall flavour and product palatability.
Yongsawatdigul and Rodtong (2007)
found that inoculation with various
species of LAB led to higher production
of free amino acids. At NFL, to encourage lactic acidification, the addition of
acidified milk whey was included in the
recipe. Addition of glucose may facilitate
lactic acid production by lactic acid
bacteria (Ijong and Ohta, 1999).
To encourage both LAB and enzymatic
breakdown in the early stages of the
fish sauce production, both of which
have been shown to be slowed by excessive osmotic pressure, salt was added
in two batches. Half the salt was added
at the beginning of the process, then
the other half after 24 hours at 35°C.
This was carried out to replicate a study
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by Aquerreta et al (2001), where it was
found that best conditions were 10%
Salt, 5% added at first, and 5% added
after 24 hours at 35°C.
A double blind analysis of fish sauces
made was carried out at Nordic Food
Lab. Sauces were analysed for visual,
aromatic, taste, flavour characteristics as
well as aftertaste descriptors and hedonic rating. The following recipe came out
as having the highest acceptability:

Fish Sauce
· 2730 g Mackerel (Scomber scombrus)
digestive tracts
· 600 g Buckwheat koji (see FIG. 2.4.7.1)

things Homer could have written about,
if it smelled bad, it must have smelled
REALLY bad, but the same also applies
to it tasting REALLY good - so don’t be
shocked it you need one of these (see
photo below) what’s important to
remember is your perception of a smell
can change from horrible to delicious
just with concentration. A fantastic
example of this is the chemical Indole.
Indole is at the same time the characteristic smell of orange blossom
and, when at higher concentration the
characteristic smell of human ’solid
waste’. This goes to show how with the
same substance the perception can
change completely with only a change
in concentration - so fear not if it smells
incredibly bad.

· 510 g Sea Salt
· 100 g Yogurt whey

· All ingredients were combined leaving
one portion of 255g of salt aside.
· After 24 hours at 35°C, a second batch
of 255g salt was added.
· Resulting substrate was left at 35-40°C
for 90 days.
· Fish sauce was extracted by centrifuge
and paper filtration.
The fish sauce recipe on the previous
page is by no means definitive, but after
experimenting with 8 different recipes,
was the most successful. The aim now
is to investigate further the use of koji
as a source of exogenous enzymes and
whey as a source of lactic acid bacteria
for lactic acidification of the substrate.
Do experiment with proportions and
ingredients, Homer (the real one) wrote
about how bad it smells, but how good
it tasted. Think about all the valuable
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Hariono I, et al (2005) Use of Koji and
protease in fish sauce fermentation,
Singapore Journal of Primary Industries
32:19.
Yongsawatdigul, J. and Rodtong, S.N.
(2007) Acceleration of Thai fish sauce
fermentation using proteinases and
bacterial starter cultures, Journal of
Food Science 72 : M382.
Ijong, F.G. and Ohta, Y. (1996) Physiochemical and microbiological changes
associated with bakasang processing - a
traditional Indonesian fish sauce, Journal of theScience of Food and Agriculture 71 : 69.
Aquerreta, Y. et al (2002) Use of
exogenous enzymes to elaborate the
Roman fish sauce ‘garum’, Journal of the
Science of Food and Agriculture 82 : 107.

· First the above ingredients were
weighed.
· The salt was divided into two portions
each of 255g.

experiment in archeology, in Procedings
of the Oxofrd Symposium on Food and
Cookery ‘Cured, Fermented and Smoked
Foods’ pp. 165-174, Prospect Books, UK

[1] For further information on garum
the reader is referred to Sally Grainger
(2010).
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Yellow Pea Chiang Yu
March 23, 2012
Chiang is the Chinese prototype of the
Japanese miso, and chiang yu is, directly
translated, the ’oil of miso’ otherwise
known as soy sauce. Variations of which
are a staple condiment for much of Asia,
has an ancient history, the first written
reports of precursors occurring during
the 2nd Century (Huang, 2000). The first
prototypes for the modern soy fermentations were carried out using meat
and fish as fermentation substrates.
The sauces would have been very dark
with small particles of enzyme-digested
meat in salt solution, and a high level of
umami taste. These chiang yu prototypes would have been very varied and it
is said that Confucious would not eat a
food without its proper fermented sauce
(Huang, 2000). The history of soy sauce
most probably starts with solid soy bean
fermentations which were subsequently
diluted with vinegar (Huang, 2000).
Now the common practice is to ferment
the sauce with brine, to extract amino
acids from proteinous soybeans. At NFL
investigation was carried out into the
possibility of the creation and use of
Nordic adaptations of both soy sauce

and its close relative, miso.
The following (and preceding) photo of
a white board covered in my scribblings,
explainings the process of Chiang and
Chiang yu, as it is made at NFL. the
recipe uses yellow split peas (Pisum
sativum) due to its high glutamic acid
content and presence in traditional
Nordic cuisine; and a heritage variety
of black wheat, which is being grown
experimentally in Denmark on a small
organic farm (by the parents of NLF’s
boat dwelling neighbour – keeping it
local).
The preparation of Chiang yu normally
occurs in 7 ‘macro’ stages.
(i) Preparation of the soybeans, in commercial use, defatted beans are used
allowing lipid parts to be processed into
other products.
(ii) Preparation of starchy substrate,
which normally is wheat or barley,
although at NFL experimental use of
buckwheat (Fagopyrum esculentum) a
pseudo-cereal with a long history in the

Nordic regions proved successful.
(iii) Preparation of the starter mold culture – usually consisting of Aspergillus
oryzae and A.soyae although variations
include Monascus strains. More information on molds in soy sauce can be
found in a later post.
(iv) Preparation of the koji, a mix of the
above (i), (ii) and (iii) which are molded
over a few days to create an enzyme
rich, fermentable and sweet substrate.
(v) Moromi fermentation is the longest
stage in which yeast fermentation
(particularly Zygosaccharomyces rouxii)
lactic acid bacteria fermentation (usually many wild strains) and enzymatic
breakdown of the substrate occurs in
salt rich solution.
(vi) The separation of moromi into solid
and liquid parts occurs at the end of the
process, allowing collection of soy sauce
and solid parts. The solid parts can be
washed with brineto produce a second
grade sauce or may be used like miso
paste.
(vii) The liquid should then be processed appropriately, as detailed below, to
make a delicious and microbiologically
(especially fungi) stable product
Detailed information on the production
of fermented soy bean products can be
found in numerous books and papers,
especially useful are those of Stienkraus,
(2004) and Keshun (2004).
Further experimentation is proposed to
further develop the recipe given below.
Examples of areas of possible experimentation are the addition of spices
(such as anise or liquorice), which may
improve the sensory properties of the
product. Other areas of investigation
are experimentation with fermentation vessels, mixing technologies and
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hydraulic pressing of solid parts to
maximize liquid extraction.
Use of various grains and pulses should
be further investigated to maximize
sweetness and umami taste, as well as
general flavour and aroma. As this rich
sauce has high gastronomic appeal
(many people have tasted it informally at NFL and Noma has now started
making 200 kg batches), it is thought
by the author that a schematic version
of the recipe, as given below (if you
can decode my scribbling) is useful to
industrial application of the techniques
involved in soy sauce which, especially if
applied to novel ingredients can be used
to create new foods with high marketability.
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- which, is amazing, but bloody
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Practical Guide to Yeast Extraction
March 24, 2012
Love for the umami tasting compounds
that yeast extract can give led NFL to
investigate the process of making yeast
extracts; the secrets of which are closely
guarded by the flavour industry. Our aim
was to produce a delicious yeast extract
that could be useful in food production.
Yeast is a an underutilized waste product of the brewing industry (Ferreira,
2010), however, if waste yeast is taken
from the bioethanol industry it may not
need to be debittered as it contains no
bitter chemicals (especially humulene)
from the hops used to make beer. Other
uses for waste yeast include the manufacture of Single Cell Proteins (SCP),
a term coined in the 1960s to define
microbial biomass from fermentations.
SCP have been shown to be promising in
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filling a global protein deficit although
currently most waste yeast is used as
animal feed (Ugalde and Castrillo 1992).
During the Second World War most
protein consumed in Germany was from
yeast, and the English yeast extract,
‘Marmite’ was invented during the same
challenging times to assist public health
in Britain (Ugalde and Castrillo 1992).
Yeast extract production is normally
carried out through the process of
autolysis triggered by salt. Autolysis is
the process by which a cell will consume
itself using enzymes contained within
the same cell. Origane et al (1993) found
that addition of the fat binding chitosan
(extractd from prawn shells) improved
autolysis. We found that this helped not

only autolysis but also caused a reduction in bitterness – presumable because
many bitter compounds are capable
of a type of chemical binding compatible with chitosan. Autolysis involves a
freeing of enzymes within the yeasts in
order to break down the yeast proteins.
The protein should be hydrolysed as far
as possible into individual amino acids
to increase content of umami tasting
compounds however, amino acids are
also sweet and bitter, or a mixture, so
the type of yeast used can have a large
effect on the final product. To help
with lysis the extract can be performed
using extrogenous hydrolyzing enzymes
(Sombutyanuchit et al 2001). Hyoky
(1997) also found the breakdown of
yeasts using extrogenous enzymes to be

BLOG POSTS

fruitful- we have used this technique in
the creation of in the recipe supplied in
this post, where we use koji as a source
of hydrolyzing enzymes. However, if
you don’t want to make koji, autolysis
with endogenous enzymes is normally
adequate for processing (Cahyanto et
al, 2011).
Boonyeun (2011) found that amino acid
content can be enhanced by a two
stage autolysis. The first stage encourages breakdown through high enzyme
protein concentration, the second, by
dilution with water causes a higher concentration gradient leading to higher extraction from yeast cells. Yeast extracts
may also contain 5’-GMP, a compound
often found in mushrooms, which is
synergistic with glutamate, increasing
umami taste.
Ideal temperatures for autolysis depend
on exact strains and desired results.
Tangluer and Erten (2008) found that
50°C for 24 hours was ideal for autolysis.
We found that a period at 50°C and a
period at the raised temperature of 56°C
to encourage optimize enzymatic action
raised the acceptability of the extract –
however, each type of yeast should be
investigated individually.
To sterilize and encourage flavour enhancing Maillard reactions, the extract
can be treated in a pressure cooker at
115°C for 20 mins before being reduced
in volume through evaporation (Ke-de,
2006). Polymeric absorbents (especially Amberlite XAD-16 and Amberlite
XAD-765) have been used to remove
bitterness and yeast flavour from yeast
extracts while keeping desirable components including yeast peptides, amino
acids and neucleotides (Hyoky, 1997;
Kerler and Winkel, 2002).
Cahyanto et al (2011) found that optimum pH of autolysis was at pH5. In
commercial processing pH is adjusted
with NaOH and HCl. Both of these chemicals leave traces in the final product,
which, due to a desire of NFL to use
natural products, was not considered

optimal. Raising pH to strongly alkali is
also used industrially in the debittering
process. Instead of adjusting pH using
Alkali NaOH, we used birch ash, rich in
K2CO3 (a salt which forms a strongly
alkali solution) The ash is also considered by many as having health promoting
qualities. For acidifying the mixture
afterwards, a strong vinegar was used
and results were very delicious.
So, how does one actually make it, the
recipe below tells you how to make it
with a centrifuge (no, not a juicer, but
one of the things used in hospitals for
separating blood by spinning it super
fast), however, we started this investi-

gation before we had a centrifuge, and
carried out most of the separation with
coffee filters, a lengthy, but successful
method. The recipe below also calls for
the use of a koji extract. This was used
in creating particularly delicious yeast
extracts, but, as mentioned above, the
enzymes within the yeast cells, should
be enough for a fairly thorough breakdown if you want to make it without the
koji extract then you should add water
in the place of the extract.
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Fermentation : Traditional Biotechnology
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The world of microorganisms is vast
and, relative to other areas of biology,
poorly understood at a scientific level.
Through millennia of experimenting humans have developed methods for using
this invisible, but expansive world of
microorganisms. The microbial world is
defined by size, the multitude of species
that this bracket covers is of varying taxonomic groups, and the variety within
each is astounding. Taking the example
of fungi, there are approximately 74,000
described of an estimated 1,500,000.
Biologists have described around 3000
bacteria, which is an estimated 0.5%
of the total bacterial species on planet
earth (Boekout and Samson, 2005).
Especially when compared to plants,
where approximately 220,000 species
have been described out of an estimated
270,000, these numbers give one an
idea of just how hugely unexplored this
invisible living world of taste biodiversity really is.
When talking of food, microorganisms
have been used in a plethora of different
ways and a comprehensive study of this
would take many lifetimes. Microbial
ecology differs drastically between locations and so fermented foods made in
one place, if made with indigenous and
autochtanous fermentation microorganisms are likely to taste very different to
those foods made in another location:
relatively short distances can have a
huge effect. It is for this reason that microbial biogeography[1] offers those involved with food production a possibility
to create foods which genuinely speak
of the territory. Microbial cultures in
food processing offer the gift of genuine
expression of their geographical origin

or ‘terroir’ alongside human intervention
and processing technique or ‘millieu’
better than anything else.
Over the next few posts I will introduce
to fermentation as a principle and we
will try to classify food fermentation
and drinks into some of their major categories. There are myriad different ways
to classify this huge base of human
knowledge and microbial activity (eg. by
ingredients, by geography or by human
culture). We will try and give the most
general overview using the fermenting
microorganismss themselves as our
defining factor. Often a food fermentation may be carried out by a number
of different species, either at the same
time, or in succession. With fermentations involving wild microorganisms
this is almost invariably the case. The
ecology of fermented foods is a hugely
complex and enormous subject, worthy
of many lifetimes of study, here we’ll try
and break it down, into a few blog posts.
Due to the extreme level of ecological
complexity within the world of microorganisms, it must be remembered that
the classification framework offered is
exaggerated in its simplicity and that,
although pure microbial cultures do occasionally exist in nature, they are rare.
In biotechnology, fermentation has
been defined as an anaerobic cellular
process in which organic compounds
are converted into simpler molecules
and chemical energy (ATP) is obtained.
In colloquial language fermentation has
a much broader meaning, which tends
to encompass the complex of enzymatic
and microorganism stimulated breakdown of macromolecules within the

fermentation substrate.
Fermentation was not clearly understood, (although it was carried out in a
myriad of forms, all over the world for
millennia) until Louis Pasteur (1822-1895)
demonstrated the direct link between
viable yeast cells and alcoholic fermentation, which at the time was met
with great controversy (especially by
advocates of ‘equivocal generation’ the
now obsolete theory on the origin of life
forms). Since Pasteur the definition has
been defined as the conversion of sugar
by yeasts into alcohol, carbon dioxide
and energy. Modern definitions have
become broader - Walker (1988) defines
fermentation as a ”slow decomposition
process of organic substances induced
by microorganisms, or by complex nitrogenous substances (enzymes) of plant
or animal origin” (United Nations Food
and Agriculture Organization (FAO)). This
is the definition adopted by the FAO - it
is broad enough to include enzymatic
activity, which means that examples
such as salt rich fish sauces (which
frequently in the earlier stages are
hydrolyzed by enzymatic activity alone)
can be included.
Fermentation, for the good of this text,
will be broadly defined as bioprocessing
using microorganisms (particularly bacteria yeasts and molds) and the chemicals they produce (particularly enzymes,
acids, gasses and volatile compounds) to
achieve desirable characteristics (Nout,
2005, 13).
At NFL, one major area of interest is the
F of various foodstuffs especially with
the aim of creating and transforming
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flavours which can be used to increase
the “vocabulary in our culinary language” (Rene Redzepi, 2011). Microbes
have been proven in both ancient and
recent history to be useful in transforming food products. Microorganism’s
mechanisms of food transformation
are still in many ways mysterious, both
to science, and by those who work with
them on a daily basis - perhaps NFL’s
position between science and craft puts
us in an unique position to explore and
innovate in this area.
Perhaps some of the information
included in the following posts can
be useful to home cooks, chefs and
food industry professionals in creating
new products which can benefit the
deliciousness of the food which they
produce. One premise of this research
is that few master artisans who make,
for example, leavened bread, really have
a grasp of the metabolic pathways of
the yeast which they use to make the
bread rise, but this does not stop them
making excellent bread. The hope is that
without understanding the complex microbiology at a molecular level, but with
a level of understanding of the specific
conditions which can encourage one or
another microorganism (i.e. nutrition
and limiting factors, optimal temperature, presence or absence of O2), it will
be possible to make productive experiments within this broad field of food
fermentation. This text is written in the
hope that with a little more knowledge
of these complex bioprocesses people,
with patience and experimentation, can
use a plethora of wild and cultivated MO
to produce high quality traditional and
novel foods.
At NFL the study of fermentation arose
from a search for new flavours compatible with NNC. By using something like
a kombucha mother[2] to transform a
liquid; e.g. carrot juice; we are utilizing what is essentially an extremely
complex bio-machinery to assemble
many flavor compounds (microbial
metabolites, products of macromolecule
hydrolysis and chemical reactions) that

SIDE 60 | NORDIC FOOD LAB |

are practically impossible to assemble
in any other way. There is a compelling
sense of locality about fermented products, an identity and flavour that, due
to local MO biodiversity is singular to
the place it is produced. For this reason
it is felt at NFL that fermented products
offer a unique possibility for gastronomic representation of local biogeography. For NFL there is also a pleasure
in reworking techniques that have been
used throughout history in the Nordic
region for increasing of desirable characteristics and preservation of foods.
It is of vital importance to understand
that fermentation is not a technique
that humans have invented, it is a natural process performed by the invisible
world of microorganisms which we
as humans have learned, and are still

learning, to manipulate. Seen from a
larger perspective we are one drop in an
ocean of species, living and enjoying the
metabolites of microorganisms.
Many other species enjoy fermentation.
Just to demonstrate that we as humans
are not alone, here is one notable
example: the Malaysian pen-tailed
treeshrew (Ptilocercus lowii), for our
purposes is a particularly interesting
species for its behavior[3]. This tiny primate is a completely reliant on alcohol.
Every night they can be found guzzling
down the equivalent of multiple bottles
of wine, in the form of alcoholically
fermented nectar in the flowers of the
bertam palm (Eugeissona spp.). The
interesting thing is, that the bertam
palm relies on the treeshrew’s penchant
for alcohol for pollination, the primate
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unwittingly takes the pollen from one
flower to the next as it carries out its
nightly routine. But the inter-reliance
goes further still, the yeasts fermenting
the nectar sweetened water have to
travel to each new flower to start their
work fermenting, thereby proliferating
and expanding their population. This
is accomplished by traveling on the
treeshew’s nose as it moves in its nightly
routine, going from one alcohol source
to the next. This is just one example demonstrating the highly inter-dependant
and ecological role that plants, animals
and MO have to each other; they need
each other to exist (Weins et al, 2008).

Dorian Sagan in their book microcosmos,

Over time, mankind has evolved systems
of preservation. Those which involve
fermentative processes, may often have
been fortunate accidental discoveries,
where a food product mixed with a
certain amount of (for example) water
or salt, produced an interesting sour,
alcoholic or otherwise desirable quality.
Once the maker began to understand
exactly what he had put in this specific
mixture, they would have tried to
reproduce the results, and successfully
preserved food would have provoked
an increase in the consumer’s health,
and the culture of, for example leavened
bread or primitive beer, would have
spread very fast. Changing and evolving
as it spread over the cultural and geographical landscape.

We humans have learned to exploit
many microorganism for our benefit;
historically this has mostly been in food
production, although more recently in
chemical synthesis for medicine and industry. Here it is proposed that the best
way to classify the innumerable food
fermentations is by the type of microorganism utilized. Therefore we need to
know how to classify the microorganism
themselves. It is by these groups along
side the food fermentation substrate,
that we offer this coarse classification of
food fermentation. Now, over the next
few posts we can go on to have a look at
classifying our ’living’ foods, using some
examples to illustrate each, and listing
some of the NFL experiments that were
carried out during this ongoing investigation. Tomorrow we start with alcohol,
so get ready to fill your glasses.

Humans are also entirely dependent on
microbial ecology to survive. The human
body is a vehicle for many more MO
than it has human cells - your body has
a minimum of around 10 times as many
microbial cells as human cells, mostly in
the large intestine of the gut. Without
our intestinal micro flora we quite
simply could not survive, they help us
especially in digesting foods; in return
we supply them with a habitat and food.
Taking the endosymbiotic theory of unicellular organisms as the evolutionary
starting point for all other organisms
we can begin to grasp the importance
of the inter-reliance between species. As
is eloquently described by Margulis and

“Eventually some of the prey evolved
a tolerance for their aerobic preditors,
which then remained alive and well in
the food rich interior of the host. Two
types of organisms used the products
of each other’s metabolisms. As they
reproduced inside the invaded cells without causing harm, the preditors gave
up their independent ways and moved
in for good.”
Margulis and Dorian Sagan in Sandor
Ellix Katz (2011)
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An Ode to Alcohol
March 26, 2012

Around 800 species of yeast have been
described by science (Boekout and Samson), this is thought to be a tiny fraction
of the total number of living species. In
FF, yeasts are used primarily in alcoholic
F. These include beer, wine, mead, sake,
mirin as well as distilled alcoholic beverages such as vodka or schnapps. Leavened bread is also made using yeast.
Yeast feed on sugars, principally glucose,
when feeding in the presence of oxygen
(aerobic conditions) producing energy
(which they use) and carbon dioxide and
water (which are discarded).
Glucose + O2 (arrow) CO2 + H2O +
Energy
When without oxygen (anaerobic
conditions) they can still (although less
efficiently), produce chemical energy
(ATP) but this time they produce CO2
and alcohol as products. In alcoholic fermentation of beverages, the liquids are
denied oxygen using airlock systems to
ensure alcoholic fermentation. In bread,
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the yeasts first use up available oxygen
then begins its anaerobic respiration
where it produces CO2 and ethanol,
the CO2 accounts for the bubbles in
the bread and the ethanol evaporates
during cooking.
Glucose (arrow) CO2 + Ethanol + Energy
A certain amount of this happens in
nature without intervention. Most of
the skins from sugary fruits, grapes,
apples, plums etc, are covered in a thin
layer of wild yeasts (and other microorganisms). This means that as the fruit
ripens, these yeasts will be using the
available sugar. If we want to make a
naturally fermented alcohol we can
just leave the juices of sugar rich fruits
in contact with their skins for a little
while, and this small amount of contact
should be enough to initiate alcoholic
fermentation. The only thing to ensure if
you want to use this natural fermentation method, that once the must starts
to bubble, i.e. the yeasts take hold and

begin transforming the sugars, that
you attach an airlock system, so that
the CO2 can escape without allowing
oxygen to enter the container.
Airlocking systems which can easily
be used are: (A) a classic shop bought
airlock, not good for very vigourous
fermentation (B) a tube leaving the top
of the bottle enters into a container of
water, good for vigorous fermentation
(C) A balloon attached to the top of the
bottle, bad for vigousous fermentation,
but useful for slow fermentations, especially as the quantity of gas produced
can be seen visually in the size of the
balloon.
To look at this from a global perspective
it is fascinating to remember that animals not only drink and enjoy alcohol,
but some may even have something of a
‘culture’ of making it.
“There are many monkeys in Haung
Shan. In the spring and summer they
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collect miscellaneous flowers and fruits
and store them in a rocky crevice. In
time they would ferment into a wine.
The fragrant aroma would be detectable
hundreds of steps away. A woodcutter
venturing deep into the woods may
come upon it. But he should not drink
too much lest the monkeys discover
the reduction of the amount of fluid
left. If so, they would lie in wait for the
thief and playfully torture him to death”
(Huang, 2000, 245)
It is evident from fossils that fruit has
played a major role in primate diet for
at least the last 45 million years (Dudley
and Stephens, 2004). As ripe fruits
commonly contain yeasts it is expected
that alcohol concentrations can be high
enough to make plumes of alcohol in
the air, which, when detected by aroma,
can lead a primate to the fruit food
source. It is argued that this is a possible
basis for a genetic predisposition by
humans toward alcohol as a hunger
stimulant and indicator of nutritional
value (Dudley, 2004). Indeed around 1/3
of the enzymes found in the human
liver are involved in creating energy from
alcohol (McGovern, 2010). Indeed it has
been shown, especially in societies with
lower hygiene, that drinking alcohol
provides many functions, including the
killing of pathogenic microorganisms
in the gut. In all alcohol consuming
societies, alcohol has been known to
increase relaxation and social cohesion
as well as uninhibiting libido, thus causing proliferation of alcohol consuming
communities.
It is a popular opinion (although certainly not a definitive one) of archaeology
and other humanities that populations
gave up their nomadic lifestyles to take
advantage of newly emerging innovative food production systems that
evolved during the Neolithic revolution.
Intentional and encouraged FF may have
been one of them. Taking the earlier accounts of brewing monkeys and alcohol
searching frugiverous primates as a
starting point, it is easy to imagine humans developing alcoholic fermentation

very early on in their cultural evolution.
Fermented foods are faster to cook,
saving both time and fuel, have more
accessible nutrients, provide interesting
tastes to otherwise monotonous grain
staples and can be more microbiologically safe. In the 1950’s a debate flared
amongst archaeologists over which
came first in human society, bread or
beer. It was even argued that man might
have lived on beer alone (Braidwood,
1953). The truth of the matter is much
more likely to be that the two evolved
together with prototypes being much
more a slurry than the clarified beer
or well-kneaded bread that we know
so well today. It should be noted that
a primitive beer could be much more
nutritious than early man’s bread (McGovern, 2010).
It is thought that wild barley (Hordeum
spontaneum) and other grains were
first domesticated around 10,000 BP on
the ‘Hilly Flanks’[1] between the Tigris
and Euphrates rivers.. This was the birth
of western agriculture and also a time
when a series of new food preparation
techniques such as soaking, heating and
spicing first appeared. During times of
plenty, grains from wild or cultivated
grasses, or juices from fruits that had
been collected would have, in a matter
of a couple of days, started to ferment
on their own. This process, which would
have been unpredictable at best, was
slowly developed as early peoples began
to work out the complex relationships
between the ingredients of a mixture
and the time and conditions in which it
was left.
The Neolithic revolution was possibly
the single most important period in the
history of humanity; Neolithic peoples
in the Fertile Crescent (11,000 BP); the
Yangtze and Yello River Basins (9000
BP); the New Guinea Highlands (90006000 BP); Sub-Saharan Africa (50004000 BP) and Eastern USA (4000-3000
BP) and possibly other places (Diamond
and Bellwood, 2003) are credited with
the invention of agriculture and of many

foods, which continue to be consumed
as staple foods to the present day, such
as bread and beer. To start with, wet, and
especially germinated grain would have
started to ferment on its own, boiled
grains and the juice of overripe fruits
starting to bubble away – it would not
have taken long for people to realize
that those which turned alcoholic could
give them an exciting and desirable psychological journey as well as social and
medical benefits. Successful fermentation techniques spread between neighboring communities, and were developed
in terms of available resources.
In the Nordic tradition perhaps the
most interesting of ancient alcoholic
beverages were derived from mixes
of ingredients – an archaeological
approach allows us the analysis of a
Bronze Age burial in Egtved, Denmark.
In this grave, which dates approximately from 1400 BC, was found a coffin
containing a 20-year-old girl clutching
a burnt child and, interesting for our
purposes, a birch-bark (Betula sp.)
container. Upon close inspection analyst
Bille Gram ascertained the vessel originally contained cowberries (Vaccinium
vitus-idaea), wheat grains, filaments
of bog myrtle (Myrica gale) and pollen
from lime tree (Tilia sp), meadowsweet
(Filipendula ulmaria) and white clover
(Trifolium repens), indicating the presence of honey. All of these ingredients
have a history of being used in alcoholic
beverages: the conclusion that can be
drawn is that this pot once contained a
mixed alcoholic beverage, of cowberry
fruit wine, wheat beer and honey mead.
This practice of mixing many fermentable ingredients is typical of prototypical
beverages that archaeologists have unearthed from ancient burials from around
the world (McGovern, 2010). They have
frequently found remnants of alcoholic
beverages, which more often than not,
have been made form a mixture of different ingredients. (McGovern, 2010, 144).
Mead is perhaps known as the Nordic
brew of choice. Famously in the English
poem Beowulf, the Danish warriors
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drank mead in great quantities. The
drink appears numerous times in Nordic
mythology (Sturluson, 1220). Mead has
been developed over the years with
countless variants available and text
being readily available for the interested
reader (for example Schramm, 2003).
One curiosity of the area is the Ancient
Sami[2] culture of fermenting sap from
the birch tree (Betula L.) to make a weak
alcoholic beverage (approx 0.5-1% vol).
The sap of the tree gives a marvelous
bittersweet and floral flavour (similar
but different to maple syrup) and is
used in the brewing of Noma’s house
beer.
Beer is well established in Nordic culture, Copenhagen being the birthplace
of Carlsberg and other major breweries.
A number of small, Danish artisan
breweries, such as Fanoe Bryghus and
Mikkeller are gaining market strength.
Far from the purist influence of the German ‘Reinheitsgebot’ all sorts of extra
spices and aromatics are being used, not
only to increase the wealth and diversity
of rich and aromatic finished beverages,
but also to give expression of tradition
and territory to the products (Fanoe
brewery visit, 19/10/2011). In reality it
can easily be argued that this is in fact a
return to the origins of beer, originally a
highly diverse culture of home brewing
where many plants were added to the
homemade brews, in the Nordic Countries; for example bog myrtle (Myrica
gale) and labrador tea (Rhododendron
groenlandicum) (Behre, 1999). [3]
As many people have dedicated their
lives to experimenting with alcohol,
most of our experiments have used
alcohols, tinctures and distillates prepared by others. Which have come in
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diverse flavours such as tinctures made
with the lichen, Iceland moss (Cetraria
islandica). A typical Danish bitters, Gammel Dansk now appears on the Noma
desert menu, it contains a mixture of
29 herbs and spices, and is comparable
to the Italian Fernet Branca or German
Jagermiester.

Sturlson, S. (1220) Edda ,Translated by
Faulkes, A (1995) Everyman, London
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Acetic Fermentation - Vinegar
March 27, 2012

The principle result of acetous fermentation is vinegar. Vinegar, frequently
considered a poor cousin in the realm of
fermented foods can, when made with
the right knowledge and aims, produce
a high quality and expensive product
(sometimes reaching prices of US$1/ml).
Flavours of vinegars available on the
market are generally quite limited and
for this reason a need was felt at NFL to
develop delicious vinegars with novel
flavour combinations. For this reason,
and the ease and high success rate of
this type of fermentation, vinegars have
become a favorite area of investigation
for NFL. Historically vinegar has been
used principally as food preservative,
medicine and flavouring agent as well
as a cleaning product, mordant or for
odor removal. (Diggs, 1989)
Many acetic acid bacteria (AAB) are
fastidious, meaning that they can be difficult to culture in laboratory situations.
For this reason, as well as the complexity, fast evolutionary rate and immense
size of the group has made taxonomic

classification difficult in the past.
Recently however, techniques of culture
independent methods, such as 16S rRNA
and DNA-DNA hybridization studies as
well as comparative studies of phylogenic trees, physiological and morphological characteristics are causing rapid
developments in classification. (Gullo
and Giudici, 2009, Giraffa and Carminati, 2008)
AAB fermentation produces acetic acid,
colloquially known as vinegar. Until
1935 the Acetobacteraceae family was
categorized by their ability to metabolize differing nutrients. AAB capable of
oxidizing (breaking down) ethanol into
acetic acid in aerobic conditions are
the most ubiquitous and can be found
airborne in most places. There are ten
genera to be included in the family of
Acetobacteraceae (AAB) They are, Acetobacter, Acidomas, Glucanacteoobacter,
Glucanobacter, Granulibater, Kozakia,
Frateuria, Neosaia, Saccharibacter and
Swaminathania (Gullo and Giudici,
2009).

Simple European Vinegars
Classic vinegars as we know them in the
West are made by a number of different
methods. These can basically be divided
into two groups: slow and traditional
techniques where attaining a finished
vinegar may take from one month to
many years; innovative processes which
make faster processes where vinegar
may be ready from alcoholic vinegar
stock in as little as six hours.
Before describing some of the commonly used methods, it is important to
explain the basics of vinegar production.
In sugar rich, easily fermentable fruits
a two stage fermentation is employed,
Firstly yeasts transform sugars within
the juice into alcohol. The second stage
of the process, and the first performed
by AAB is the transformation of ethanol
alcohol into acetic acid.
Ethanol + O2 (arrow) Acetic Acid + Water
As the AAB requires oxygen to oxidize
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ethanol into acetic acid, the airlock
used for alcoholic fermentation is no
longer necessary and the presence of
air, and oxygen contained within the air,
becomes very important. AAB are facultative aerobes, meaning that they must
have oxygen to thrive
Another factor to consider with AAB
is that they produce acetic acid, as
with most microorganisms, they are
adapted to living in solutions rich in
their metabolites. For this reason, AAB
will proliferate much more easily if some
vinegar is mixed in with the alcoholic
ferment, thereby acidifying the ‘wine’.
This is normally carried out using an
older batch of vinegar made from the
same source. If this is done with unpasteurised vinegar this is also a means by
which to inoculate the ‘wine’ with the
correct AAB strains.
Over the next few posts we’ll be looking
at various methods to make vinegar, describing along the way a few successful

experiments that you can try too.

About the author
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Vinegar: From the Orleans Method to Food
Lab Experiments
March 28, 2012

The Orleans Method
The most famous slow method of
vinegar production is the old French
technique, known as the Orleans
method. In the Orleans method barrels
are filled with wine and vinegar and
fermentation is carried out slowly by
the AAB, which will generally metabolise
all the alcohol in a 9 % ethanol wine in
1 to 3 months. When fully acidified, the
vinegar is racked off leaving around 12 L
inside a 225 L barrel, which can then be
filled up to around half full with fresh
alcoholic ‘wine’. To make sure the AAB
has enough oxygen available, holes are
drilled through the ends of the barrel
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(then covered with muslin) and the
barrel is only filled until half full, allowing the maximum surface area to be
exposed to air.

disturbed as if it sinks to the bottom of
the vinegar, the ABB within the mother
will be deprived of O2 and the mother
will rot and ruin all the vinegar.

Because in the Orleans method the
mother of vinegar is left in the barrel for
the next batch of wine, the fresh wine
must be poured into the barrel very
slowly. This is accomplished traditionally
using a funnel and glass pipes with a ‘U’
bend at the end. This allows the vinegar
maker to pour directly into the bottom
of the barrel, thus leaving the floating
‘mother of vinegar’[1] and the residue on
the bottom of the barrel undisturbed. It
is very important that the mother is not

U bend tube for both racking off and filling
of the vinegar barrel
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The joy of brewing vinegar in a small
artisan environment is that the product
does not have to be the same every
time; the differences between batches
should be celebrated. From year-to-year,
orchard-to-orchard, tree-to-tree, fruits
are different as will be the results of
processing them in any way. Really no
effort should be made to standardize
but rather to celebrate the individuality
of each crop.

quickly by pumping 1600 L of air per
hour thorough a carbon filter and into
a type of blender where it is “atomized’
into the alcohol substrate. The alcohol
is acetated at 30 °C and the acetator is
equipped to keep this temperature stable. Depending on the strength of the
acetic acid bacteria one could expect
to have the vinegar ready in a Frings
machine anywhere between 20-8 hours
and sometimes as low as 6 hours.

continue to house this ‘sleeping’ state
until the next year or the next apple
brewing session.

Apple and pear vinegar, however high
quality, tend to have little of their original fruit character. However red fruits,
such as plums, cherries and blackcurrants seem to be capable of maintaining
their character, and, analogous to many
red wines, benefit from aging. They
maintain their character and develop
in time, mellowing out and becoming
smoother and less ‘green’. All vinegars
will benefit from an aging process in a
dark and cool environment.

When one batch is ready, one third or
more is siphoned off and this is replaced
with fruit wine. This keeps the AAB culture happy with more food in the form
of alcohol and allows this next batch
of alcoholic liquor to be acetated. The
vinegar is siphoned off when the alcoholmeter reads low enough to make the
vinegar legal (ie less than 0.5% alcohol
by volume).

· Acidity by volume of starting liquid as
high acidity of alcoholic culture will
lead to a lower acidification.

The strength and fermentation speed of
the AAB is reliant on many things, but
as a species/genera that can mutate
and adapt so quickly (due to short life
cycle) they become more efficient after
they have been fermenting the same
substrate for a longer time. They have
become more adapted.

Technological Advances
The Orleans method, was then developed into a faster method, ‘submerged
acidification’ which allows the AAB
increased contact with oxygen and therefore permiting a faster acidification.
The submerged acidification method
has then been further developed by
Frings Inc into the ‘Frings Acetator’. This
is a relatively large piece of machinery
which is only worth investing in after
production reaches a certain level, it
does however allow the production
times of vinegar to go down to around
6 hours per batch. The acetator is
formed of three tanks, the main central
tank is where the second fermentation
occurs, when alcohol is converted into
acetic acid. The ‘Frings Acetator’ works

At Meyer’s, the multifaceted food
business of Claus Meyer, we were
fortunate to spend some time with
Andreas Harder, a vinegar maker. He
was kind enough to explain many of his
tricks and give us starter cultures with
which to continue our own experiments.
One particularly interesting strategy he
explained was the problem of changing
over from one fruit wine to another
when acidifying with only one Frings
Acetator. This is approached by always
getting darker progressively so the
order in which the wines pass into the
acetator is apple-pear-plum-blackberry
and not the other way around. When
changing over the fruit 9/10ths of the
1st vinegar are removed and the volume
replaced with the new fruit. Legally the
vinegar can still be called by the name
of the fruit with the higher concentration, without mentioning the starter
culture.
When the annual cycle is finished one
must return to the first, apple wine (cider). In order to make this transfer easy
a certain quantity of the last batch can
be kept. Although the AAB will become
dormant, due to a lack of alcohol to metabolise, the unpasteurised vinegar will

Andreas also explained to us the measurements he must make before selling
his vinegar, in order to ensure it is both
legal and appealing. These are:
· Initial Alcohol content by volume: 6-9
% preferred

· Sugar: the residual sugars are very
important to predict taste.
· Final measurement taken is of acidity,
which must by law be over 5 %. This is
tested by titration using NaOH 1 M. If
you put 6 ml of vinegar to titrate the
number given by the burette will be
exactly the concentration of the acidity
in the final liquid.

Experimental Vinegars
At NFL we experimented with producing
various novel vinegars. To experiment
with flavours, single stage fermentation was carried out by adding alcohol
directly into a juice or solution. This
meant that the vinegar process could be
accelerated considerably. This process,
which gives a second quality product
(traditional two stage alcoholic-acetic
fermentation should always be carried
out in the production of high quality
products) proved useful in investigating
which flavours should be further investigated. In order to further accelerate the
process we designed the following process, using an air compressor (designed
for an aquarium) to pump air through a
bubbling stone into the alcoholic liquid.
Using the apparatus illustrated below
and with appropriate inoculation with
live unpasterised vinegar, a 5 % (ethanol
by volume) ‘wine’ could be fully acidified
in 4-5 days. Four successful vinegar recipes are detailed in the following pages.
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Vinegar making bubbler system

Mushroom vinegar
1. Put frozen whole, washed button
mushrooms into oven at 200°C

8. When repeating the recipe, in step 9.
Use 30 Parts of this recipe instead of
apple vinegar to slowly fade out the
apple.

2. Roast until dark through ‘toasting’,
removing and keep liquid as it collects

Elderflower, elderberry, woodruff and
liquorice vinegar

3. Fill a pressure cooker with roasted
mushrooms, liquid collected, and
water

1. Make a traditional dry, non-sparkling
elderflower wine

4. Pressure cook for 60 mins @ 15psi
5.Cool and strain, squeezing the
mushrooms well.
6. For 95g of mushroom stock add 6g
ethanol and 30g unpasteurised apple
vinegar.
7. Leave in a wide mouthed jar to acidify.
Unfortunately it is not possible to use
the bubbler system for this recipe as it
creates a large amount of foam.
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2. When they come into season add ripe
elderberries and leave two weeks to
macerate
3. Strain and squeeze the berries from
the liquid
4. Add 80 g of powdered liquorice root
per 1 liter water and bring to 80 °C for
1 hour. Strain and add this to the elder
wine – quantity to taste
5. Add a handful of dried Woodruff, and
1/3 by volume of suitable vinegar star-

ter (perhaps apple the first year, and
this recipe the second.
6. Leave to acidify for 3 months in open
topped jar covered with a piece of
Muslin to keep flies away.

Celery vinegar
1. Juice celery, straining through a fine
sieve
2. Add 5 parts pure alcohol and 10 parts
starter vinegar to 95 parts celery juice
3. Put the mix into the bubbler system
and wait until alcohol has turned into
acetic acid.
[1] Mother of Vinegar – a floating cellulose gel of AAB, which sometimes forms in
vinegars. Seen by some vinegar makers
as beneficial and some as undesirable.
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Experimental Balsamic
March 29, 2012

The generally recognized method for
making balsamic vinegar (BV) is based
on a letter written in 1860 (Saccani,
1998). The most important production
of balsamic vinegar happens in Modena,
central north Italy. BV is characterized
by high viscosity, very dark colour, high
aroma and sweetness. BV has one of
the highest levels of acidity in vinegar
with a pH of around 2.3-2.8 (Masini &
Giudici 1995). In Denmark this culture
of balsamic vinegars (BV) has arrived
in the last 12 years thanks to Andreas
Harder and Claus Meyers and is now
starting to enter small-scale commercial
production.
BV has four important production stages. (i) the grape juice must be reduced
to around 1/3 of its original volume. (ii)
alcoholic fermentation of sugars into
ethanol by yeasts, (iii) the oxidation of
ethanol into acetic acid by acetic acid
bacteria (AAB) and then (iv) the most
defining feature of this style of vinegar,
the aging process which, for Traditional

Balsamic Vinegar (TBV) should be over
12 years. The basic process for making
balsamic vinegar, starting with empty
barrels is as follows.
Firstly the grape juice, which in TBV
comes from, predominantly the Trebbiano grape, undergoes a reduction.
This happens at atmospheric pressure[1]
in an open pan. The juice is brought to
the boil, at which point it is skimmed to
remove foam and impurities. The must
is then cooled and simmered at around
80 °C. This reduction process continues
for many hours, until the darkening liquid thickens and reaches around 35-60
°Brix (Solieri, Giudici, 2009).
In the alcoholic fermentation stage, sugars are converted into ethanol alcohol.
In grape juice both fructose and glucose
are available in very similar quantities.
Fructose undergoes more changes
during the heat treatment stage, is
fermented more easily by sugar tolerant
yeast species, such as Zygosaccharomy-

ces spp. Glucose on the other hand is
more stable in heat but is more easily
converted into ethanol by S. cerevisiae
and can be metabolized directly by
some strains of AAB (Solieri et al, 2006).
The current practice is to ferment
sugars to alcohol until 5-7 % by volume
and then to proceed to the acetic oxidation of ethanol by AAB. Historically BV
makers have thought that the alcoholic
and acetic fermentations took place
simultaneously. It is now generally accepted by the scientific community that
both must happen separately due to
the sensitivity of yeast strains to acetic
acid, the vast majority of yeasts being
inhibited at a concentration of 1% acetic
acid. Yeasts fermenting the must are of
a variety of genera, Solieri and Giudici
(2005) report the dominance of genera
Candida, Zygosaccharomyces, Hansensapora, Saccharomyces. The first two listed
here are very efficient at fermenting
fructose in a sugar rich environment,
they prefer fructose and will leave all
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the glucose behind which can then be
fermented by the other two genera
(Landi et al 2005).
Acetic acid reaches a concentration
of 3% to before yeast fermentation is
completely inhibited. Genera of AAB
commonly found are Gluconacetobacter
and Acetobacter. The main problem for
the AAB is the high sugar concentration of the must and the high osmotic
pressure this exerts on the yeasts. The
use of starter cultures that have been
tested for sugar tolerance is suggested
however very few or none of existent BV
or TBV makes use of laboratory cultures.
Therefore oxidation of ethanol into acetic acid occurs through autochthonous
or naturally occurring AAB. The barrels
are inoculated with a certain amount of
bacteria from fresh unpasteurised vinegar used to prime the barrels as well as
some which come from the wood itself.
When starting a new barrel set, as well
as from initial priming vinegar, barrel
wood and air, it is common practice to
use backslopping[2] to give preference
to previously successful MO from an
established chain of barrels. So each
barrel is mixed with a small amount of
vinegar from an analogous barrel of a
parallel set that has already been up and
running for some years.
To make BV, first the barrels must be selected. For TBV, the barrels should be of
50 L, 40 L, 30 L, 20 L or 15 L. These should
be of a variety of different woods; we
saw barrels of chestnut, oak, cherry, acacia and oak : they may also be of mulberry or juniper amongst others. To make
non-traditional BV, smaller barrels can
be used, which speeds up the processes
of both oxidation of alcohol into acetic
acid and that of extracting the flavour
from the wood. There should also be a
standard 225 L oak cask, which may have
been previously used for winemaking this will be used for storing must before
it enters the barrel process.
Before being filled up with grape must
to process into BV the barrels must
be primed, or ‘deflavoured’ as it is also
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known. First they should be filled with
water to allow the wood some time to
swell up, if there are cracks then the
barrels may need to have their hoops
tightened or may need to be adjusted by
a cooper. Once satisfactorily watertight, the barrels should be emptied of
water and primed for the F by AAB and
others involved in making the BV. This
is accomplished by filling all the barrels
with strong unpasteurised vinegar, with
acidity greater than 6 %. This should be
left for 6 months. Following this, fresh,
strong vinegar (above 6 % titratable
acidity) should be mixed 1:1 with grape
(or fruit of choice) juice reduced to one
third of its original volume. This mixture
should be put into the barrels and left
for 6 months. The large storage barrel
should also be primed for 6 months
with a mix of 35 % strong live vinegar
and 65 % reduced apple juice (if apple
balsamic is desired).
Once the process of barrel priming has
taken place, the manufacture process
can begin. Each barrel should at this
point have liquid removed until it is
2/3 full. At this point the yearly process
starts. At the end of the year, the smallest barrel should have 1 L removed (1 L
from a 2/3 full 15 L barrel is 10%), then
the next barrel should be used to fill this
one to 2/3 and so on until all but the
largest barrel is full to the 2/3 mark. This
process is known as rincalzo in Italian.
This largest barrel of the set is then
filled from the storage cask, and then
the storage barrel can be filled up with
more reduced juice – so it can then
slowly perform the required alcoholic

fermentation (to around 7%) slowly over
the coming year. This is what should be
used to fill up the largest of the barrel
set, again to 2/3 full during rincalzo.
The process of moving the unfinished
BV should be done in late winter/early
spring before it starts to warm up and
the bacteria go into a growth phase.
This means that the vinegar is transferred after maximum sedimentation
caused by winter’s cold temperatures.
This process is repeated every year for 10
years, taking only 1 L or 10 % of 2/3 of the
15 L barrel. At this point, in the 11th year
one can start removing 25 % of the final
barrel (2.5 L). During the process of aging
a number of chemical and physical
changes take place within the vinegar. It
can be said that it is the must reduction
and this wood ageing process that gives
BV its particular character.
The wood of the barrel acts like a semipermeable membrane, so that a certain
amount of water evaporates slowly.
Due to the size of pores in the wood, in
theory no molecules larger than water,
such as the alcohols, esters and other
molecules can escape. They contribute
to the sensory experience of the finished
product and remain inside the barrel
(some of these are lost, and are known
as the ’angels’ share’). The tradition of
leaving the small lids off the barrels,
with muslin over the hole (to prevent
flies entering) is now being questioned.
When the barrel is left open, there is no
longer the selective evaporation and
much of the volatile molecules are lost
to the air (Giudici et al. 2006), especially

Rincalzo - freshly cooked must enters on the left, BV leaves on the right.
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during the hot summers of Modena.
Some traditionalists insist that the
open, ‘lid off’ system is the best and the
debate as to whether the lids should be
left on or removed from the barrels lives
on. Especially in the Padana Plain where
the technique originates, the elevated
temperatures of summer create a lot
of evaporation of volatile molecules.
Although acidic acid bacteria require
oxygen to survive, some investigation is
currently underway as to whether or not
some beneficial part of the headspace is
lost. One of the more noticeable effects
of fermenting with the lid removed is
higher reduction of water content by
evaporation, so higher viscosity of the
final product. As higher viscosity is associated with BV that has undergone
longer aging and is seen by consumers
as an indicator of quality: lowering
viscosity can decrease consumer perception of product quality. This problem
of viscosity can be tackled by reducing
the initial must to a higher °Brix. During
the summer months, barrels should be
checked for vinegar mother every two
weeks. If a mother forms and is not
removed, the vinegar can continue to reduce beneath the cellulose layer, leaving
the mother attached to the sides of the
barrel higher up, this then dries out and
can grow mold. In this case the vinegar
should be siphoned off from beneath
the mother and the barrel cleaned
thoroughly with pressurized steam.
Barrels are traditionally kept in the attic
where extreme temperatures of both
summer and winter take their effect. In
summer the hot temperatures promote
more acetic fermentation, and in winter
the cold helps with clarifying through
sedimentation of solid parts. So temperature variation is very important. Every
four years the barrels should be cleaned
to remove sediment.
At NFL, one experiment for which there
is great hope, is the use of quince juice
to make balsamic vinegar. More about
this is found in the next section

Experimental balsamic vinegar

While learning about balsamic vinegars we were inspired to try to make
one from a different fruit, and one that
identified more with the Nordic area.
After experimenting with numerous
juices, quince struck us as something
that already had a fascinatingly multilayered aromatic profile. We went about
sourcing a set of balsamic barrels, after
following the above procedure, and
making various preliminary experiments
with quince juice, we filled up the barrels. Of course, it will take a long time
to know how successful it has been,
but initial impressions are extremely
promising.

Quince Balsamic
1. Using a domestic freezer, freeze the
quinces slowly
2. Defrost the quinces, collecting any
juice which forms
3. Juice the quinces using a centrifugal
juicer
4. Squeeze the pomace to ensure maximum yield (around 55% of quince
weight)
5. Reduce at 90°C until 30°Brix
6. Put into balsamic vinegar barrels
using process explained above in
Balsamic vinegar section.

[1] Atmospheric pressure is the force per
unit area exerted into a surface by the
weight of air above that surface.
[2] Backslopping is the use of an
existing, successful F culture to inoculate a new one.
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Ripe and perfumed quinces (Cydonia rangiferina)
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Lactic Fermentation
March 31, 2012

You cant argue with a wonderful cabbage like this - it went on to become sauerkraut.

“Desert without cheese is like a pretty
girl with only one eye”
— Jean Anthleme Brillat Savarin (1825)
Lactic acid bacteria (LAB) fermentation
(F) plays a major part in traditional
food processing technology all over the
world. LAB produce lactic acid, a gentle
tasting acid which can lower the pH of
a food making it uninhabitable to other
types of microorganisms. LAB F contributes to preservation, flavour and texture of foods. LAB is used to describe species from many genera, most commonly
Lactobaccillus, Lactococcus, Leuconostoc
and Streptococcus thermophillus. (de
Vos, 2005). Certain taxa of LAB are
also responsible for the production of
bacteriocins, chemicals that inhibit the
growth of other bacteria, the example
of this par excellence being nisin. Nisin
and other LAB produced bacteriocins
have been shown to be effective in the
prevention of many pathogenic species
(Ross 2002).
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LAB is the type of F occurring in sauerkraut, yogurt or kefir, cured meats, and
idli. It is also responsible for the gentle
acidity of the Belgian lambic beers as
well as the malolactic wines where
harsh malic acids from the grape are
converted into softer and more palatable lactic acid.
Importantly LAB are found naturally in
dairy products and many species are
able to continue life in the presence of
salt meaning that salt can be used as
a MO selection mechanism as it is in
sauerkraut. Many high quality LAB fermentations typically found in a kitchen
are made by ‘master artisans’ who work
with these cultures on a daily basis. This
is particularly clear with cheese and
other products of the dairy industry.
Scandinavia has long been a homeland
for dairying. Although in early times
being split into tribal groups, some of
whom did, and some of whom did not
milk their animals (especially reindeer),
it appears that those communities

which practiced milking of animals have
been more successful, possibly due to
their use of this very important food
source. Frederik J. Simoons (1973), when
tracing lactose tolerance (tolerance
resulting from the production of the
lactose hydrolyzing enzyme lactase) in
populations found significant biological patterns which led the researcher
to hypothesise that nomadic tribes in
Eurasia and north Africa were among
the first to practice dairying. Gary Nabhan (2004) suggests that around 10,000
BP a mutation occurred in the DNA of
an isolated tribe of Northern Europeans
which allowed them to take advantage
of this rich source of nutrition, Nabhan
goes on to suggest that within as little
as 15 generations, the prevalence of
this specific gene mutation could have
become wide.
The success of those peoples in the
Nordic countries may also be in relation
to the increase in Vitamin D, which normally is produced by the human body in
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the presence of sunlight, but can also be
gained from milk. In the Nordic winters,
sunlight is very short, and so, any extra
Vitamin D can be key in maintaining
health. Nordic cultures were much more
inclined to drink their milk soured as in
the old times it not considered healthy
to drink fresh milk.
“I know that in the old times they milked the cow in a jar and then they put
the milk in bigger container for fermentation but used a sieve made by hay or
fresh grass to get rid of insects and stuff.
The grass, I think, would impart LAB into
the milk, and of course, also from the
cows teat and the human skin”
(Patrik Johansson, personal email exchange, 2012)
It is said that when the Romans arrived
in Northern Europe they were taught
to make butter by the Celts, Pliny the
Elder commenting that butter was “the
most delicate of foods among barbarous
nations, and one which distinguishes
the wealthy from the multitude at
large.” (McGee, 2004) Sweden was the
worlds largest butter producer from the
middle-ages until 1898, when Demark
took over (Johansson) and Denmark
has been in the lead ever since. Below
Johansson a Swedish master artisan
creator of ‘virgin butter’, describes the
specific qualities that make the butter
key to the dining experience at Noma
describes how he learned to make butter and developed the technique into
the ‘unwashed’ product, ‘virgin butter’.
“My grandmother had small dairy
during the 50s and 60s where she made
only butter on a very small scale. She
taught me how to make butter. Her
method involved the traditional way of
washing the butter, that is, removing
as much of the buttermilk as possible
by washing it with cold clean water.
Washed butter has a higher fat content
and keeps longer but we discovered that
by washing the butter you take away
flavour and also the really nice acidity
present in the buttermilk (pH 4,5). So

rather than focus on the property of keeping longer we focused on the property
of taste and how to maximize it. We
maximize the butter aroma during the
fermentation time, which usually lasts
for 48 hours, but also during the churn
by churning at a higher temp than what
is usually considered normal in the butter industry. During the fermentation
period we use a temp curve (the details
are secret). The resulting butter has a
more buttery taste but also a nice acidity due to more buttermilk present…
… Late one night I churned by hand and
added salt before churning and decided
to stop just when the first little butter
grains formed. Normally I churn until
the butter grains are as big as chickpeas
and then I remove most of the buttermilk. When the first little butter grains
form the separation between the fat
and the water (butter milk) is just taking
place and the process requires constant
monitoring to the second. Virgin butter
has a fat content of 40% as opposed to
the regular butters fat content of 80 %.
In virgin butter all the acidic buttermilk
is present and retained I think thanks
to the capillary effect. The result is a
butter that is spreadable directly from
the fridge with a pleasant acidic and
buttery taste. It also has a unique grainy
texture.”
(Patrik Johansson, personal email exchange, 2012)
Interestingly, a very old relative of Patrik
recounted to him that washed butter
was for the weekends as it had to look
pretty, but the unwashed butter was for
the weekdays and that he always preferred the unwashed one.
It is important to note that some LAB
preparations can be easily made in the
restaurant kitchen, giving the chef some
ability to manipulate the organoleptic
properties by changing variables within
the process. For example LAB are also
extremely important in bread making,
especially when the natural levitation
process of using a sourdough are invol-

ved. Bread made with natural leavening
is much tastier, and this is in part, is due
to the high levels of LAB in the mother
dough – this will be covered in a later
post.
One useful way to inoculate a ferment
with LAB (e.g. fish sauce (see previous
post titles ‘Umami from Salt rich Fermentation’) or cured meat (future post)
is with the addition of whey, thus hastening the process of acidification due to
both the presence of lactose and of LAB
in the whey. Whey can be collected after
making cheese, or by straining yogurt.
At NFL adding a little whey proved very
useful in a number of experiments.
Lactic fermentation of thinly sliced root
vegetables (carrot and beetroot) proved
useful in making deep fried ‘crisps’, due
to the LAB processing of sugars, there
was considerably less caramelisation
during the high temperature frying to
try this, mix thinly sliced carrots with
2% Salt and a bit of whey, leave them
weighted and submerged in their own
juices until the sweetness has turned to
a gentle lactic acidity, then dry ‘em and
fry ‘em - yum.
In other dairy products, yogurt and
yogurt whey are used a great deal in
adding certain flavours and textures to
foods. Marinating meat with yogurt has
long been practiced by various societies,
the recipes for yogurt and a yogurt-marinated leg of lamb is given below.

Yogurt
· Better gel is obtained with skimmed
milk
· Heat to 90 °C and keep there for 10
minutes – again to help with gel
formation
· Cool to 42 °C and add around 5 % by
weight of live natural yogurt
· Keep at 42 °C for 6 hours
· Cool to 5 °C
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· Use and use a little bit of this to inoculate the next batch

· Rest for 15 minutes in a warm, humid
place

ecological, physiological, and cultural,
Ecology of Food and Nutrition 2 : 83.

Yogurt Marinated Leg of Lamb with
Juniper

· Slice and serve with walnut sauce and
bitter greens

About the author

· Remove skin and fat from leg
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This is a copy of the Nordic Food Lab’s
first scientific article, accepted in the
fantastic publication, Flavour Journal
(flavourjournal.com) Take a look at the
other articles, covering a wide breadth
of topics, all fascinating. We were in London last week for the launch, and would
like to thank Ben, Nandita and the
whole Biomed staff for a great event. We
are currently working on a few articles
(beyond our normal ravings) with the
requisite academic rigor for upcoming
publication- stay tuned.

Seaweeds for umami flavour in the
New Nordic Cuisine
Ole G Mouritsen1,2*, Lars Williams2,3,
Rasmus Bjerregaard4 and Lars Duelund1
*Corresponding author: Ole G Mouritsen
ogm@memphys.sdu.dk

Author Affiliations

Seaweeds for Umami Flavor in New Nordic Cuisine

MEMPHYS, Center for Biomembrane
Physics, Department of Physics, Chemistry, and Pharmacy, University of Southern Denmark, Campusvej 55, DK-5230
Odense M, Denmark

is the complete one and can be found
online at:
http://www.flavourjournal.com/1/1/4

1

2

Nordic Food Lab, 93 Strandgade, DK-1401
Copenhagen K, Denmark

Received:		
Accepted:		
Published:

3

Restaurant Noma, 93 Strandgade, DK1401 Copenhagen K, Denmark

© 2012 Mouritsen et al; licensee BioMed
Central Ltd.

Blue Food ApS, 2 Nordre Kaj, DK-8700
Horsens, Denmark

Flavour 2012, 1:4 doi:10.1186/2044-72481-4

This is an open access article distributed
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which
permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

The electronic version of this article

Abstract

4

For all author emails, please log on.

3 November 2011
21 March 2012
21 March 2012

Use of the term ’umami’ for the fifth
basic taste and for describing the sensation of deliciousness is finding its
way into Western cuisine. The unique
molecular mechanism behind umami
sensation is now partly understood as
an allosteric action of glutamate and
certain 5’-ribonucleotides on the umami
receptors. Chefs have started using this
understanding to create dishes with
delicious taste by adding old and new
ingredients that enhance umami. In this
paper, we take as our starting point the
traditional Japanese soup broth dashi as
the ’mother’ of umami and demonstrate
how dashi can be prepared from local,
Nordic seaweeds, in particular the large
brown seaweed sugar kelp (Saccharina
latissima) and the red seaweed dulse
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(Palmaria palmata), possibly combined with bacon, chicken meat or dried
mushrooms to provide synergy in the
umami taste. Optimal conditions are
determined for dashi extraction from
these seaweeds, and the corresponding
glutamate, aspartate and alaninate
contents are determined quantitatively
and compared with Japanese dashi extracted from the brown seaweed konbu
(Saccharina japonica). Dulse and dashi
from dulse are proposed as promising
novel ingredients in the New Nordic
Cuisine to infuse a range of different
dishes with umami taste, such as ice
cream, fresh cheese and bread.

Keywords:
umami; seaweed; dashi; glutamate; kelp;
dulse; New Nordic Cuisine

Authors’ summary for chefs
Herein we review the concept of umami
and deliciousness in a historical context
and describe recent advances in the
scientific understanding of the sensory
perception of umami and the involved
taste receptors. The primary stimulatory agent in umami is the chemical
compound glutamate, which is found in
large amounts in the Japanese seaweed
konbu, which is used to prepare the
soup broth dashi. We have explored
the potential of local Nordic seaweeds,
in particular sugar kelp and dulse, for
dashi production and have discovered
that dulse is high in free glutamate
and hence a good candidate for umami
flavouring. We describe methods by
which to optimise the umami flavour
using sous-vide techniques for extraction of the seaweeds, and we demonstrate how dulse dashi can be used in
concrete recipes for ice cream, fresh
cheese and sourdough bread.

Background
Although umami was suggested as
a basic taste in 1908 by the Japanese
chemist Kikunae Ikeda[1], umami only
caught on very slowly in the Western
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world [2-5]. Being a verbal construction
to describe the essence of delicious
taste (’umai’ is delicious, and ’mi’ is
essence, inner being or taste), the term
’umami’ was coined by Ikeda to signify a
unique and savoury taste sensation that
should be ranked as the fifth basic taste
along with the four classical basic taste
modalities: sour, sweet, salty and bitter.
In the past couple of decades, along
with the globalisation of the Asian
kitchen, and in particular the Japanese
kitchen, umami is being used more commonly in a culinary context among chefs
[6,7] and food scientists [8]. The term
has now entered the diverse world of
cooking recipes and has been the main
topic of a couple of cookbooks [9,10] and
most recently a popular science book
[11].
Ikeda based his suggestion of umami
as a specific taste on the discovery of
a particular substance, monosodium
glutamate (MSG), which he found in
large quantities in free chemical form
in one of the key ingredients that enters
dashi, the soup stock behind all Japanese soups.Dashi is made by a warm
extract of the large brown Japanese
seaweed konbu (Saccharina japonica).
This extract is called konbu dashi. To the
konbu dashi is then added a particular,
highly processed fish product, katsuobushi, leading to the so-called first
dashi (ichiban dashi). Ikeda discovered
that konbu contains about 2 to 3 g of
free MSG per 100 g dry weight of konbu
[1]. Whereas a lot of processed foods,
in particular fermented products, can
contain as much MSG as, and even more
than, konbu [3,12-16], no other unprocessed, raw organic material is known
to contain more free MSG than konbu.
In addition to linking MSG to umami,
Ikeda immediately realised the technological importance of his discovery as a
means to produce artificial flavouring
agents to foodstuff, leading the way to
the establishment of the international
company Ajinomoto (Tokyo, Japan) [17].
MSG is now used across the world as a
flavouring enhancer, potentiator and additive in a wide variety of foodstuff [14].

In Europe, it has to be declared as E621
on food product labels.
There are several reasons for the slow
acceptance of umami as a basic taste in
the Western world. First, in contrast to
Japanese cuisine, there is no single common ingredient in Western cuisines that
provides as clean a sensation of umami
as dashi, whereas Western cuisine has
kitchen salt (sodium chloride) for salty,
ordinary table sugar (sucrose) for sweet,
quinine for bitter and acid for sour. Second, cultural differences imply fundamental differences in taste description
and codability of taste [18]. Third, the
taste sensation of pure MSG appears to
be different in different individuals, probably because umami interacts strongly
with sweet and salty [19,20]. This has
led to confusion regarding MSG’s being
the source of a unique taste or simply
a taste enhancer [21]. Fourth, a shear
resistance to accept a new basic taste
without a scientifically established
sensational physiological basis probably
also has played a role, certainly among
food scientists and neurophysiologists.
A breakthrough came in 2000 when the
first umami receptor was discovered
[22]: the metabotropic glutamate receptor taste-mGluR4, which is a special
dimeric G protein-coupled receptor [23]
located in the membranes of the taste
cells in the taste buds. Taste-mGluR4 is
a truncated version of the well-known
glutamate receptor mGluR4 in the
brain, and it is selectively sensitive to
L-glutamate. Since then, two other
umami receptors have been found: T1R1/
T1R3[24,25] and a special mGlu receptor
[26] that is related to the brain glutamate receptor mGluR1. It remains unclear
whether the different umami receptors
use different signalling pathways[27,28].
The T1R1/T1R3 receptor is particularly
interesting for an informed, molecularly
based use of umami in the kitchen.
In contrast to taste-mGluR4, which
is sensitive only to L-glutamate, T1R1/
T1R3 is also strongly stimulated by
certain 5’-ribonucleotides, in particular
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inosinate (inosine-5’-monophosphate,
IMP) and guanylate (guanosine-5’-monophosphate, GMP), which in a synergistic fashion potentiate the receptor’s
sensitivity to glutamate. This type of
synergy in umami taste has been known
phenomenologically for centuries in
Japanese cuisine, and the first scientific
basis for it was provided in 1957 by the
Japanese chemist Akira Kuninaka [29].
Building on earlier work by Shintaro
Kodama [30], who had found inosinate
in katsuobushi, Kuninaka discovered
that guanylate from dried shiitake
mushrooms or inosinate from katsuobushi enter a synergistic relationship
with glutamate from konbu. These
synergies underlie classic preparations
of dashi [15]. The molecular basis for
the synergy in umami sensation has
recently been revealed as a cooperative,
allosteric binding of glutamate and
ribonucleotides on the Venus flytrap
motif on the T1R1 part of the T1R1/T1R3
receptor complex ([31] and H Khandelia
and OG Mouritsen, unpublished data).
Umami also enters an interaction with
other tastes, in particular sweet and
salty but also bitter, and a particularly
complex relationship has been found
between the umami receptor and the
receptors for sweet and bitter [32]. In
addition to glutamate, L-aspartate
(monosodium aspartate, MSA) has also
been associated with umami, but with
much less potency and a still unknown
sensory mechanism [19,25].
Although in a much less pure form than
in Japanese cuisine, umami also plays
a key role in Western cuisine [11]. Many
types of food contain large natural
amounts of free MSG. The most wellknown are Marmite, fish sauces, mature
hard cheeses such as Parmesan cheese,
blue cheeses, sun-dried tomatoes,
anchovy paste, soy sauce, cured ham
and so on. Similarly, synergy in umami
sensation is used extensively in Western
food pairing, such as tomatoes with
anchovies, vegetables with meat, eggs
with bacon, green peas with scallops,
and so on.

The outline of the remaining part of the
paper is as follows. First, we describe
how dashitraditionally is made from
konbu, then we move on to introduce
some Nordic seaweed species that are
candidates for dashi production. The
main core of the paper that follows
those sections describes improved
methods of dashi production, including
in particular production in controlled
temperature conditions. Data regarding the content of free glutamate and
other amino acids in different seaweed
extracts is presented. Moreover, three
concrete recipes are provided for dishes
that take advantage of the dashi and
umami flavours from the red seaweed
species dulse that turns out to release
large amounts of free glutamate. In the
”Discussion” and ”Conclusion” sections,
we highlight the potential of using seaweed species from local Nordic waters
in the New Nordic Cuisine.

koi) for from one to ten years, with the
typical ageing period being two years.
During ageing, the seaweed matures
and obtains a milder flavour and a less
strong taste and smell of the sea. The
umami flavour in dashimade from aged
and matured konbu appears to stand
out more clearly.

Classic Japanese cuisine [33] revolves
around dashi made from konbu and
katsuobushi. In the strictly vegetarian temple kitchen, shojin ryori, also
known as ’the enlightened kitchen’ [34],
deriving from 12th-century Japan, katsuobushi is replaced by dried shiitake.
Konbu provides glutamate and shiitake
provides guanylate to replace inosinate
from katsuobushi. The synergetic action
in umami is even stronger in the pairing
of glutamate with guanylate than with
inosinate[31,35].

Konbu contains large amounts of free
amino acids, of which 80% to 90%
are glutamic acid in the form of MSG
[3]. Other important free amino acids
are alanine and proline, which impart
a sweet taste to the seaweed. Konbu
does not contain any of the 5’-ribonucleotides that enter synergistically
with glutamate in umami. Often some
of the free MSG precipitates together
with salt and mannitol to form a white
layer on the surface of the dried and
aged konbu blades. This layer should
not be removed before the dashi is
extracted from the konbu, because it
dissolves readily in water and provides
a combination of flavours: umami, salty
and sweet. Mannitol is a sweet-tasting
sugar alcohol which has about 60% of
the relative sweetness of table sugar
(sucrose). Mannitol is often found in the
Saccharina family, in particularly large
amounts in sugar kelp (hence its name).
Konbu contains 2 to 3 g of free MSG per
100 g dry weight. With the exception of
the pulp of mature tomatoes [36], konbu
is possibly the kind of foodstuff that,
with the least amount of processing, develops free glutamate in any appreciable
amounts.

There are several variants of konbu,
all of which belong to the algal order
Laminariales, withSaccharina japonica
being the most commonly used species
for dashi. Konbu hence belongs to the
same genus as sugar kelp (Saccharina
latissima). The blades of konbu can grow
to be several metres long and have a
maximum width of 10 to 30 cm. Most of
the konbu on the world market for human consumption is farmed at lines in
the seas around Japan and China. After
harvest,konbu is sun-dried and the best
quality konbu is aged in cellars (kuraga-

Of the many different variants of
Japanese konbu, ma-konbu, rausukonbu and rishiri-konbu are considered
to be the best for extraction to dashi
[10], and they lead to a very light dashi
with a mild and somewhat complex
taste. Ma-konbu is the konbu with
the largest amount of free glutamate,
3,200 mg/100 g, whereas rausu-konbu
has 2,200 mg/100 g and rishiri-konbu
has 2,000 mg/100 g. The lower-quality
hidaka-konbu has 1,300 mg/100 g [10,12].
The red seaweed laver (Porphyra yezoensis) used to produce nori has compara-
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ble amounts (1,378 mg/100 g), whereas
wakame (Undaria pinnatifida) has very
little (9 mg/100 g) [12].
A remarkable feature of dried and aged
konbu, as well as a number of other
seaweeds, is that the free glutamate
in the tissues of the seaweed can be
transferred to water by a rather mild,
warm extraction process solely involving
water. Although there is a substantial
variation in the way different chefs
prepare konbu dashi, the recipes
used generally prescribe soaking the
drykonbu in water at room temperature
(typically using 10 g of dry konbu per
litre of water) for about half an hour,
heating it in an open pan to just below
the water boiling point at 100°C and
then quickly removing the konbu from
the water before bitter-tasting compounds seep out. During this procedure,
only a relatively small amount of the
total free glutamate is released into the
water. A typical konbu dashi or ichiban
dashi prepared using the traditional
Japanese recipe (K Ninomiya, unpublished data from the Umami Information
Center, and [37]) contains about 20 to 30
mg of glutamate per 100 g of aqueous
dashi extract. The extraction process can
be optimised by varying conditions such
as extraction temperature and possibly
the quality (hardness) of the water used
for the extraction. We shall address the
optimisation of dashi preparation in this
paper and show that by extracting the
seaweeds at a lower temperature but
for a longer time, a much more flavourful dashi characterised by significantly
higher levels of glutamate as well as
aspartate can be obtained.
Although konbu is the kind of seaweed
that contains the largest percentage of
free glutamate, other seaweeds can also
provide some umami flavour despite
their smaller glutamate content. Laver
(Porphyra spp.) that is used to produce
the paper-thin nori sheets well-known
from maki-zushi [38] contains rather
large amounts of free glutamate [12]
in addition to some inosinate and
guanylate, which enhances the umami
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flavour in sushi dishes. In fact, nori is the
only kind of seaweed that contributes to
both basic (glutamate) and synergetic
(nucleotides) umami flavour.
Until now, little work has been reported
on the use of seaweeds other than
konbu for dashipreparations, although it
is well-known that seaweeds in general
impart delicious flavours to food[39,40].
Moreover, the use of seaweeds for
human consumption is little developed
in the Western world [41]. To investigate
the potential of using local seaweeds
from the waters around the Nordic
countries for dashi preparations and
umami flavouring, we have undertaken
quantitative scientific and qualitative
gastronomic investigations of dashi
extracts from a brown seaweed, sugar
kelp (Saccharina latissima), and a red seaweed, dulse (Palmaria palmata). Some
preliminary work has also been done
on the red seaweed graceful red weed
(Gracilaria verrucosa). For comparison,
we have simultaneously studied classic
dashi prepared from various qualities of
Japanese konbu(Saccharina japonica).
Our investigations can be seen as an
attempt to explore the gastronomic
potential of local seaweeds [42] for use
in the New Nordic Cuisine [43,44].

The seaweeds
Sugar kelp (Saccharina latissima)
The large, metre-long, brown seaweed
(kelp) of the order Laminariales, sugar
kelp (Saccharina latissima) is rich in
iodine and minerals, in particular calcium, potassium, manganese and iron. It
is very common in the sublittoral zones
of the cold seas of the North Atlantic
Ocean, and it has a strong flavour of the
ocean. Its name derives from its distinct
sweet taste caused by large amounts
of the sugar alcohol mannitol. Sugar
kelp can release significant amounts of
extracellular polysaccharides, such as
alginates, that easily seep out in water
extracts, making these undesirably viscous for most gastronomical uses. The
tissues of sugar kelp are tougher than

those of konbu.
In the present work, we used sugar kelp
farmed in Denmark. Both young and old

Figure 1. Dried sugar kelp (Saccharina

latissima) farmed in Horsens, Denmark.
(Photography: Jonas Drotner Mouritsen.).

specimens are harvested, and before use
for dashi they are all subject to drying.
Some samples were also stored and
aged for a period of time before use.
Specimens of dried, farmed sugar kelp
are shown in Figure 1.

Dulse (Palmaria palmata)
Dulse (Palmaria palmata) is a red,
intertidal seaweed well-known in the
traditional cuisines of Ireland, Scotland
and Iceland, as well as along the coasts
of North America. It is common in the
Atlantic Ocean, where it grows to a size
of up to 50 cm. It has thin and delicate
purple fronds with simpler polysaccharides than those found in the brown
seaweeds, providing dulse with a more
delicate flavour and soft texture. When
dried, dulse develops hints of liquorice
and smoke, and when toasted it has a
nutty taste. Although dulse appears to
be one of the seaweeds with the more
interesting potential for gastronomical
applications, it is surprisingly little used
in modern cuisine.
In the present work, we used a variety
of different supplies of dulse. Some
were harvested in the wild in Iceland,
and some were farmed in Denmark. All
samples were dried before use. A speci-
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Figure 2. Dried dulse (Palmaria palmata)
farmed in Horsens, Denmark. (Photography: Jonas Drotner Mouritsen.)

men of dried, farmed dulse is shown in
Figure 2. This particular specimen has an
almost isotropic shape due to its being
grown freely in a pool with constantly
moving and swirling water. This is in
contrast to dulse naturally grown by
being anchored on a substrate at the
bottom of the sea, which usually leads
to a directional, treelike structure of the
shape of a hand, as suggested by the
Latin name palmata.

Graceful red weed (Gracilaria verrucosa)
This red and stringy seaweed, also called
’sea moss’ because of its thread-thin
fronds, has not been used to date in Western cuisine. It is traditionally used as
a sea vegetable, for example, in Hawaii
and Japan, where it is called ogonori.
Gracilaria is a rich source of agar that is
used as a thickening agent. In recent years, it has made its way into the Nordic
waters, where it is considered one of the
invasive species that threatens domestic
marine life. In the present work, we used
Gracilaria farmed in Denmark, and all
samples were dried before use.

Konbu (Saccharina japonica)
Konbu is a large brown seaweed that
is farmed in large quantities in China
and Japan, amongst other countries. In
these Asian countries it is a common
staple in traditional cuisine as a sea
vegetable and a source for dashi, and it
is also used in a wide range of processed
konbuproducts. Konbu is appreciated

for its mild and umami flavour and has
an interesting and soft texture, despite
the considerable thickness of its fronds.
Similarly to sugar kelp, konbu is high in
iodine. It secretes much less polysaccharide than sugar kelp when extracted
from water, and the resulting dashi is
light in colour with a fluidity similar to
that of pure water. In the present work,
we used two commercial supplies of
dried Japanese konbu of two distinct
qualities: a first-qualityrausu-konbu and
a second-quality hidaka-konbu.

Results
The dashi from the seaweeds is prepared as described in ’Materials and methods’. Figure 3 shows photographic images of samples of dashi prepared from,

Figure 3. Dashi based on three different
seaweed extracts. Left:Konbu dashi from
Saccharina japonica. Middle: Traditional
Japaneseichiban-dashi from konbu and
katsuobushi. Right: Nordic dashi from
dulse (Palmaria palmata). For illustration,
a piece of dulse is left in the dulse dashi.
(Photography: Jonas Drotner Mouritsen.).

respectively, konbu (konbu dashi),konbu
and katsuobushi (ichiban dashi) and
dulse (dulse dashi). The konbu dashi is
very light in colour, the ichiban dashi is
darker because of colouring from the
fermented katsuobushi and the dulse
dashi has a light purple colour.
The colours and flavours of the different
types of dashi vary quite significantly.
The colour and flavour of the sugar kelp
dashi differed in relation to the age of
the seaweeds and whether they were
in a sorus stage. The sorus contains
the sporophylls and is the reproductive
organ of the seaweed. Dashi prepared
from sorus had far less flavour and
were lighter in colour than those not
in a reproductive cycle. All of the sugar
kelp dashi is viscous. With regard to
the dulse, there is a distinct difference

between dashi from fresher seaweed
and that which has been aged. This is
evident in the appearance of the original material. The aged seaweed precipitates more salts (including glutamate)
on the surface of the fronds in a rather
conspicuous manner, and the taste is far
stronger and more complex. Therefore, we can conclude that this ageing
process is critical for a superior taste
and a method employed for producing
high-quality konbu.
The difference in the dashi prepared
from the two types of konbu is as
visually dramatic as it is in taste. The
hidaka-konbu produces a dashi with a
somewhat greenish hue, with a smell
evocative of the term ’sea vegetable’. The
taste is briny, with a slight metallic vegetable tone. In contrast, the rausu-dashi
is golden in colour and tastes almost
like the chicken bouillon it resembles,
very meaty and intense. This taste was
amplified when we gently reduced the
rausu-dashi in a dehydrator at 60°C, and
the stock eventually turned into crispy

Figure 4. Kelp ’crisps’ that are formed as
flakes when dehydrating a dashi produced
by extraction of rausu-konbu. (Photography: Lars Williams.).

flakes, as shown in Figure 4. Biting in
these flakes was almost as overpowering as biting into a bouillon cube. The
konbu-dashiseemed to be the only dashi
suitable for this process. The dehydrated
dashi from the other types of seaweed
became bitter, or unable to fully dry, and
it remained sticky.
The different dashi preparations made
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from the different samples of dried
seaweeds were analysed for their full
amino acid content and profile, with
a focus on glutamate and aspartate,
which provide umami flavour, and alaninate, which provides a sweet flavour.
The results are shown in Table 1. Figure
5 shows the full amino acid profiles for

Figure 5. Amino acid profiles for two types
of dashi made fromrausu-konbu and
dulse, respectively. Both types of dashi
are based on 10 g of dry seaweed in 500
ml of water extracted over a period of 45
minutes in a vacuumed, sealed plastic bag
placed in a water bath at the prescribed
constant extraction temperature. The
extracted amounts of amino acids refer
to the concentrations measured in the specific aqueous extract. The concentrations
quoted refer to the amino acids in their
deprotonated form.

two types of dashi made fromrausukonbu and dulse, respectively. We shall
return to a discussion of these profiles
in the ’Discussion’ section below and to
a comparison of dashi made from different seaweeds as opposed to the use
of different extraction techniques.
Table 1. Extraction of glutamate, aspartate and alaninate from dried seaweeds
The data in Table 1 refer to extractions
by the techniques introduced in this
paper and described in ’Materials and
methods’. It should be noted that the
precise amount of amino acids can be
very sample-dependent and that the error bars quoted in Table 1 reflect only the
estimated uncertainties in the actual
amino acid analysis. The data show
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that rausu-konbu releases very large
amounts of free glutamate and aspartate, whereas the levels of alaninate are
rather low. The hidaka-konbu provides
for about half the amount of glutamate
and aspartate compared torausu-konbu.
These differences in the umami-producing amino acids reflect the qualitative
taste sensations described above and
explain why rausu-konbu is considered
to be superior to hidaka-konbu for dashi
production. In contrast to the differences in umami taste compounds, the two
types of konbu release similar amounts
of alaninate.
It turns out, somewhat surprisingly, that
extraction temperatures of 60°C and
100°C led to similar results with respect
to the concentrations of glutamate,
aspartate and alaninate in konbu dashi.
Also, the softness of the water seems to
have had little influence on the concentration of the three amino acids in the
dashi extracts studied.
Turning to the dashi prepared from
sugar kelp, Table 1 shows that dashi from
sugar kelp contains very little of any of
the free amino acids analysed, and the
results did not depend on whether we
used extraction temperatures of 60°C
or 100°C. Additionally, the measured
amounts are so low that we can find
no discernible dependence on the age
of the kelp, whether it was matured or
not or whether it contained the sorus
or not. It is possibly that sugar kelp
grown under other nutritional conditions with more nitrogen may contain
more glutamic acid and free glutamate
than the sugar kelp used for the present
study. As noted above, dashi from sugar
kelp displays an undesirable viscous
behaviour that makes it less suitable as
a soup stock.
In contrast to sugar kelp, the data for
the dulse dashi in Table 1 show that
this red seaweed has an exceptionally
good potential for umami flavour. The
farmed Danish dulse releases significantly more glutamate and aspartate
than the wild Icelandic dulse. In the case

of the Icelandic dulse, we measured
both young dulse and aged dulse, but
found no significant differences in the
amount of released amino acids. For
none of the dulse samples studied are
we able discern any variation in amino
acid concentrations for the two different
extraction temperatures. Table 1 shows
thatGracilaria is a poor source of umami
flavours, similar to farmed Danish sugar
kelp.

Figure 6. Examples of dishes flavoured
with dulse. Left: Ice cream without and
with dulse infusion. Middle: Fresh cheese
infused with dulse. Right: Bread made
from a sourdough infused with dulse.
(Photography: Lars Williams.).

Examples of dishes flavoured by dulse
In this section, we provide some specific
recipes using dulse for flavouring dishes
developed for the New Nordic Cuisine.
The recipes represent a range of novel
experiments conducted at the Nordic
Food Lab. Photographs of the resulting
dishes are shown in Figure 6.

Ice cream with dulse
· 600 g of dulse-infused milk (infuse at
20 g of dulse/litre of milk)
· 100 g of cream
· 80 g of trimoline (inverted sugar syrup)
· 35 g of sugar
· 24 g of ColdSwell cornstarch (KMC,
Brande, Denmark)
Place the dulse and milk in a plastic bag
under vacuum and seal, leaving it in a
refrigerator overnight to cold-infuse.
Strain the dulse and blend it into a fine
purée, and preserve to be added later.
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Dissolve the sugar and trimoline in a
small amount of warmed milk. When
cooled, add the milk to the rest of the
components, mix thoroughly and freeze
the mixture in Pacojet containers. Just
before serving, the ice cream is prepared
in the Pacojet by high-speed precision
spinning and thin-layer shaving to
produce a creamy consistency of the ice
cream.
The dulse ice cream was conceived to
demonstrate the culinary versatility
of seaweed in an often unexpected
fashion. We chose a low-fat base of almost all milk used, allowing the flavour
to emerge. Although there was initial
reluctance among some tasters to the
idea of seaweed ice cream, the vast majority responded with satisfaction upon
actually consuming the ice cream.
The colour of the dulse ice cream is a
very pleasing light mauve. The flavour
is delicate, light and floral. Some tasters
have compared the dulse ice cream with
Japanese green tea ice cream, which
is indicative of a nuanced, acceptable
flavour profile.
We also observed an improvement in
texture of the dulse-infused ice cream,
which is creamier and smoother than
the same ice recipe without dulse. This
change in texture is likely caused by the
polysaccharides released from the dulse.

Fresh cheese with dulse
· 1,250 g of dulse-infused milk (infuse at
20 g of dulse/litre of milk)
· 60 g of cream
· 25 g of buttermilk
· 5 g of rennet
Place dulse and milk in a plastic bag
under vacuum and seal, leaving it in a
refrigerator overnight to cold-infuse.
Strain the milk, heat it to 33°C and add
the remaining ingredients, including
the rennet. Pour the mixture into plastic

containers, cover tightly and cook in an
oven at 36°C for 45 minutes.
The result is a slightly acidic, fresh
cheese with a light tofulike consistency.
There is a bit more brininess and more
of a rounder seaweed flavour than with
the ice cream. Again, there is a desirable
improvement in texture and a slightly
more elastic, though very pleasant,
mouthfeel. This more viscous texture
is likely due to carrageenan released
from the dulse, which also reduces the
cooking time by half.

Bread with dulse
· 2,500 g of ølandshvede flour, a speltlike
wheat species that is high in gluten
and protein (13.5%)
· 500 g of spelt flour
· 2,200 g of dulse dashi, strained, dulseminced and reserved
· 200 g of sourdough starter
· 50 g of fresh baker’s yeast
· 60 g of salt
Whisk dashi, starter, yeast and salt
together. Add flour and mix at low speed
for 5 minutes. Incorporate the minced
dulse. Oil a suitable vessel, and proof in
a 5°C refrigerator for 24 hours, folding
every 8 hours. Shape and allow it to
come to room temperature. Bake in an
oven at 225°C for 45 minutes.
The dulse sourdough was considered to
be a great success. The liquorice, almost
fruity tones came forward and added a
supportive savoury flavour. The tea tones steamed from a fresh piece of warm
bream when torn apart. It was especially
excellent with cheese, almost addictive
according to many reports from tasters.
The crumb seemed quite moist and
had excellent texture. The mixing of the
bread was quite different from normal,
and some care had to be taken not to
overmix the dough.

Discussion
The results presented herein provide
some quantitative data for amino acid
profiles in dashiprepared from Nordic
seaweeds, which reveal their potential
for providing umami taste. Clearly, the
results show that among the studied
species, dulse is a much more interesting candidate than sugar kelp and
Gracilaria for umami flavouring and
dashi. Moreover, the three recipes
presented demonstrate in a concrete
setting that dulse dashi has a versatile
use in the kitchen.
To assess the relative potential of dulse
in umami flavouring, we compared the
amino acid composition of dashi prepared from dulse with classical dashi on
the basis of Japanese konbu. This comparison is provided in Table 2, together
with data for two types of chicken soup
stock[45,46]. Caution should be exercised when comparing data for the same
seaweed species from different sources,
because the sample material can be
vastly different and the methods of
amino acid analysis used and reported
in the literature can differ as well. The
latter can be particularly troublesome
for analysis of extracts of glutamate
from brown seaweeds, because it is
known that their alginate and salt contents can interfere with the derivation
of the amino acids when using classic
high-performance liquid chromatography (HPLC) methods [47]. Moreover,
different workers have used different
amounts of seaweed for their dashi preparations. In the present work, we used
about twice the amount of dry seaweed
per litre of water compared with many
classic Japanese dashi recipes. Still, upon
normalising to the same weight ratios,
we generally found that the use of the
extraction techniques described in the
present paper released at least twice as
much glutamate and aspartate and up
to almost ten times as much alaninate
compared to values reported in the
literature for konbu (Table 2).
Table 2. Comparison of amino acid con-
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tents in dashi and various soup stocks
Notwithstanding the above-mentioned
difficulties in comparing, on a quantitative basis, the amino acid contents in
dashi quoted in reports from different
workers, we can compare the contents
indashi which we have prepared in the
present work using the same weight
ratios for seaweed and water and applying the same preparation techniques. As
seen in Table 2, we found that dashiprepared by our extraction technique has
substantially more umami capacity than
dashi prepared by the classic Japanese
recipe, which typically involves cold soaking of the konbu for 30 to 60 minutes,
followed by warm extraction in a pan
and increasing the temperature to just
below boiling, then immediately straining the extract. It is well-known that
keeping the konbu in the boiling dashi
leads to an unpleasantly bitter flavour.
More recently, the classic Japanese
recipe has been optimised to provide
a better flavour and a clearer dashi by
heating the solution to only 60°C (as in
the present work), but still in an open
pan [37]. The many different recipes
for preparing classical Japanese dashi
probably reflect different preferences
among the chefs with respect to the balance between bitter, sweet and umami
notes of the extract. The comparison of
data in Table 2 between dashi based on
various seaweeds and traditional soup
stock prepared from chicken meat and
vegetables shows that seaweeds may be
superior to these meat-vegetable soups
with respect to providing compounds
that induce umami.
The taste of the dulse dashi is found
to be more sweet and complex than
traditional konbu dashi. Part of the
explanation may be found in the differences in the full amino acid profiles
shown in Figure 5. Compared to konbu,
dulse releases more of the sweet amino
acids alanine, proline, glycine and serine.
The dulse extracts also contain small
amounts of the bitter-tasting amino
acids such as isoleucine, leucine and
valine, which may account for the more
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complex flavour of the dulse dashi. It
is noteworthy that the farmed Danish
dulse is a serious competitor with
hidaka-konbu for umami flavour. One
reason may be that the much thinner
and delicate fronds of dulse are more
susceptible to releasing their contents
of free amino acids during extraction.
Often it is stated that the softness of
water is important for dashi preparation [10]. This may be true for the total
flavour of the extract, but we cannot
discern any significant dependence on
water hardness in terms of the actual
amounts of free amino acids. Also, the
amino acid contents and profiles did not
depend on whether we used extraction
temperatures of 60°C or 100°C. Hence it
is not bitter amino acids that cause the
bitter taste often found in a dashi which
has been prepared close to boiling.
We found that sugar kelp with and without sorus did not lead to a different dashi in terms of amino acid composition.
Still, it is well-known that the sorus of
some seaweeds can be more flavourful
than the other parts of the fronds. This
is recognised particularly in the case of
the brown seaweed wakame (Undaria
pinnatifida), in which the reproductive
organs, the sporophylls (mekabu), are
appreciated for their mouth-filling
flavour, which might be caused by their
higher fatty acid contents compared to
the fronds.
Traditional Japanese dashi recipes
prescribe addition of the prepared fish
product katsuobushi to the seaweed extract to provide for synergy compounds,
specifically inosinate. In an attempt to
find a suitable alternative to katsubushi to finish a dashi from dulse, we
considered typical cured products that
Scandinavians consume on a normal
basis. Bacon was a delicious-sounding
first thought. Pork bacon contains high
levels of inosinate and glutamate [12]
and would be an ideal starting point.
The smokiness of the bacon, combined
with the tealike dulse dashi, accounted
for a surprisingly complex flavour profile.

There was an obvious meatier taste, but
it was very well balanced with a floral
sweetness and slight mineral notes. We
declared it a consummate success. We
have also experimented with other sources to provide synergetic compounds
for umami in Nordic dashi. Specifically, we have found that the inosinate
contents in dried and salted chicken
meat enhance the umami of the dulse
dashi to some degree, whereas dried
local mushrooms such as champignon
seemingly contain too little guanylate to
furnish anything interesting to pursue.

Conclusion
In a first attempt to explore the gastronomic potential of seaweeds from local
waters to provide umami flavouring in
the New Nordic Cuisine, we have undertaken a systematic study of a small
selection of brown and red seaweeds
and compared their umami flavouring
amino acid contents with those of the
traditional Japanese soup broth dashi
prepared from the large, brown Japanese seaweed konbu.
Although there is a documented, historical tradition of using seaweeds in the
diet of some of the Nordic countries, in
particular Iceland and Greenland, seaweeds are practically absent in traditional
and modern Nordic cuisine [41]. With the
rise of the New Nordic Cuisine and the
efforts to use local foodstuff ingredients
for a New Nordic Diet, many of them
almost forgotten, we have focused in
particular on two seaweed species: the
red seaweed dulse (Palmaria palmata)
and the brown seaweed sugar kelp
(Saccharina latissima). Both of these
species are available in large amounts
in the wild in Nordic waters and can
be farmed under controlled conditions.
The wild resources can be harvested in
a sustainable fashion, and, because they
grow in the cold, pristine Nordic waters,
the seaweeds are very clean and suitable for human consumption.
We have investigated the gastronomical
potential of these seaweed species by
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focusing on the flavouring potential of
simple water extracts, similarly to the
Japanese dashi that is the classic source
of umami. Dashi owes its umami taste
to the sodium salts of glutamic acid
and aspartic acid, and any sweetness
is predominantly due to free alanine.
We have measured the concentration
of these three amino acids in various
extracts prepared under different wellcontrolled conditions, such as extraction
temperature.
The main finding of the present work is
that the use of well-controlled extraction techniques may release much more
glutamate, aspartate and alaninate
than the use of classic recipes involving
cold-water soaking and subsequent heating in an open pan. Hence techniques
involving extraction in a sealed plastic
bag under vacuum pressure appear to
have improved the extraction efficiency
for free amino acids from seaweeds
without compromising the flavour.
Whereas the extraction temperature
has a definite influence on the overall
taste of the dashi, in particular the bitter
notes developed at the higher temperatures, the amounts of glutamate,
aspartate and alaninate appear to be
little sensitive to whether the extraction
temperature is 60°C or 100°C. Similarly,
we could not detect any significant
dependence of water hardness on the
amount of released umami-flavouring
free amino acids.
We believe that the findings of the present study may be of use for improving
recipes for makingdashi, not least from
konbu. Specifically, we found that whereas sugar kelp is a poor umami source,
dulse is an excellent source with similar
amounts of umami agents compared
to Japanesedashi prepared from konbu
in the classic way. Dashi from dulse
also contains a significant amount of
alaninate, which probably contributes to
its mild, sweet taste.
The flavouring abilities of Nordic dulse
dashi by its infusion in various dishes
have been demonstrated in the case of
three specific examples: ice cream with

dulse infusion, fresh cheese infused
with dulse and bread made from a sourdough infused with dulse. Subjective
tasting experiments suggest that dulse
is indeed an attractive flavouring agent
and holds great promise for novel uses,
not only in the New Nordic Cuisine but
in general.

Materials and methods
Seaweed cultivation and harvesting

Sugar kelp (Saccharina latissima) was
cultivated in the open coastal waters of
Kattegat in Denmark. The sporophytes
of sugar kelp are sawn on smaller ropes
in a hatchery, and they attach to the
rope with their holdfasts. The seeded
and sprouted kelp ropes are fixed on cultivation longlines, cultivated for about 18
months and harvested when they reach
a length of about 1.5 m. The controlled
cultivation produces high quality with
nearly no fouling. The harvested kelp is
sun-dried immediately after harvest.
Dulse (Palmaria palmata) and graceful
red weed (Gracilaria verrucosa) were
grown in open tanks (pools) fed with
seawater and by using air turbulence to
move the seaweeds, to provide nutrition
and to facilitate photosynthesis. The
dulse grows by making new proliferations and then building new main tissues.
The controlled cultivation in pools not
only enables a fouling-free quality but
also facilitates a highly red pigmentation and large protein content. The harvested dulse andGracilaria are sun-dried
immediately after harvest.

Commercial seaweed supplies
Commercially available dried konbu was
purchased in two different qualities:
first-quality rausu-konbu from Sunaga
village, Rausu District (Japan Fooding
Ltd, London, UK) and second-qualityhidaka-konbu from Hokkaido, Japan (Wakou
Corp, Shiga, Japan). Commercially available dried dulse was purchased from
Íslensk hollusta ehf (Reykjavik, Iceland).
The dulse is hand-harvested from wild
Icelandic resources and subsequently

dried.

Sous-vide water extracts from seaweeds
Two types of water were used for
seaweed extracts: ordinary tap water
(Copenhagen, Denmark; water hardness
= 20°dH) and filtered, demineralised
soft water. All extractions were based on
10 g of dry seaweed in 500 ml of water
placed in a plastic bag sealed under
vacuum pressure (sous-vide) at 98.5 kPa
in a Komet Plus Vac 20 (KOMET Maschinenfabrik GmbH, Plochingen, Germany)
and immersed over a period of 45 minutes in a water bath at the prescribed
constant extraction temperature.

Sensory perception
Because the present paper is not intended to be a quantitative study of the
sensory perception of umami flavour
in the seaweed extracts and the dishes
flavoured by the extracts, we have not
used a formal panel of professional
tasters but employed a subjective and
qualitative measure of taste sensation by integrating statements from
experimenters and colleague chefs who
are very experienced in evaluating and
describing taste. The subjective analysis
was carried out by a minimum of five
qualified chefs who are considered
trained tasters. In the case of the dulse
ice cream, the tasting was part of a master’s degree thesis on the complexity in
food (Faculty of Life Sciences, University
of Copenhagen, Copenhagen, Denmark) that was favourably received by a
tasting panel of 60 persons. In addition,
we registered responses from a large
number of individual tasters on different occasions when the dulse-infused
dishes were presented and tasted.

Amino acid analysis
All chemicals used were from SigmaAldrich (Copenhagen, Denmark) and of
HPLC quality or better. Amino acid analysis was performed using the Biochrom
31+ Protein Hydrolysate System amino
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acid analyser (Biochrom, Cambridge,
UK). Prior to analysis, proteins were
precipitated by addition of trichloroacetic acid, and lipids were extracted with
hexane. The amino acids were identified
and quantified by comparison with
pure amino acid standards with a major
focus on glutamic acid, aspartic acid and
alanine in their deprotonated states.

Abbreviations
GMP: guanosine-5’-monophosphate
(guanylate); IMP: inosine-5’-monophosphate (inosinate); MSA: monosodium
aspartate (aspartate); MSG: monosodium glutamate (glutamate).
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Noma and Nordic Food Lab at UCLA’s Science
and Food lecture series
May 11, 2012

Monday May 7, René Redzepi from
noma and our Lars Williams presented
a lecture at UCLA - The Exploration of
Deliciousness. It is part of the Science
and Food Lecture Series at UCLA
For those of us not present, these events
naturally causes envy. However, you can
all get a peak into what went on thanks
to LA weekly blogs, that gives a vivid
impression of the enthusiasm the presenters and audience showed. Enjoy.

Expanding the crew
May 22, 2012
Mark Emil Hermansen is our new man
on boat. Here he is caught fishing
for amphipod crustaceans (seaweed
fleas) on a misty day in a corner of the
Copenhagen harbour With his entrepreneurial spirit and a background in
the social sciences and humanities, he
will join our effort to link present and
past food discourses, to explore and
shape the food of the future. Mark is
a strong agitator for developing new
ways for sustainable consumption with
a firm foundation in the philosophy of
the New Nordic Cuisine movement. He
joins the team with a focus on the dissemination of Nordic Food Lab’s work to
the industry and public alike. Mark was
trained in anthropology at Oxford and
has a previous degree in communication
and curation from Central Saint Martins
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College in London. Apart from collaborating on Nordic Food Labs research,
he will be responsible for planning and
coordinating a range of future ventures
for the lab.
We already enjoy the company a lot!

BLOG POSTS

Søl Ice-cream hits the streets of Copenhagen
June 6, 2012

Søl Ice Cream

Nordic Food Lab’s new Ice Cream Bicycle

Prepping the mix

In connection with our brand new,
custom-built Ice Cream Bicycle and its
launch at tonight’s Melting Pot charity
event in Øksnehallen, Copenhagen,
here’s a recap of our post on seaweed
ice-cream. Follow the bicycle and see
where its at by following us on Twitter:
@nordicfoodlab

light ice cream base that would not
need to be cooked, possibly altering the
gentle flavors we were looking for.

· 35g sugar

After we spun the two ices there was an
obvious visual difference- the infused
only version was white with only a hint
of color acknowledging the flavor, while
the other brightly celebrated it’s ingredient. On tasting however, the white,
infused only ice was the clear victor. The
flavor was light, round, and quite the
delicate floral hints that we had been
hoping for. It was also oddly reminiscent
of green tea ice cream, in a pleasant
way. The Søl incorporated version was
murky, muddy in a more of a just damp
seaweed sense.

We were extremely curious about trying
a seaweed ice cream. While there is
some precedence of using seaweeds in
dessert applications, primarily in Asian
cuisine, it features far more predominantly as a savory ingredient. After some
tests, we settled on Palmaria Palmata
(Dulse, or Søl) as the most likely candidate, for the often flowery aromatics
and slight liquorish hints in can impart.
We chose a cold infusion into milk, we
were not looking for robust, deep sea
flavors, but rather the gentler fragrant
notes that makes this seaweed one of
our favorites.
One liter of milk with 30g Søl, cold infused for eight hours. We chose a simple,

· 100g cream

· 24g thick and easy

Strained, cold infused the clear winner.

Søl Ice Cream
· 600g milk, cold infused with Søl,
strained

· 80g trimoline

· Dissolve the sugar and the trimoline
in the cream. When cool, combine all
ingredients, thoroughly mixing and
freeze in paco containers.
As an added experiment we took the reserved 30g of Søl from the infusion and
incorporated into one half of our recipe;
would the actual seaweed be beneficial?
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Transitions
July 17, 2012

These past few weeks have seen a lot of
changes: interns have come and gone
(more on their projects soon), MAD
Symposium brought all sorts of visitors
to the boat (even more than usual), and
probably most significantly, we welcomed on Ben Reade as our new Head
of Culinary Research and Development.
With Lars leaving his official position at
the lab to go head up the test kitchen at
Noma, Ben immediately seemed like the
perfect new fit for the job.
Ben has already been with us for a while
– he first came to us last September
for three months to do research for his
bachelor’s thesis at the University of
Gastronomic Sciences, entitled ”Flavour
exploration and biotechnology in the
new Nordic cuisine”. After graduating in
March, he came right back to lead the
planning of MAD 2 as Project Manager
for the Symposium.

Ben Reade, new Head of Culinary Research and Development at Nordic Food Lab

Ben’s full background is as a chef, and an
accomplished one: he attended culinary
school in Ireland and has cooked in

diverse kitchens throughout England,
Scotland, Italy, and France. Having
started out as a dishwasher, Ben’s successes are a testament to his hard work,
his inquisitive palate, and his drive to
find the most delicious flavours.
We are excited to keep a chef leading
our culinary research, and Ben is keen
to further our scientific methodology
and cross disciplines; he savours, as he
says, the ”opportunity to link things up”.
He is interested in picking up where his
thesis research left off, especially delving
further into the expression of place
through experimenting with autochthonous microbes. Another of his interests
is in ”flavour education”, or ”how the
complexity of food can be communicated efficiently”. He has been on board
for a week and the ideas are flowing.
As Ben himself says, ”I’m a total nerd
and I love it.” So do we, Ben, so do we.
For glimpses day-to-day work in the lab
and fun tidbits in general, follow Ben on
Twitter: @benreade

MAD 2: finding the deliciousness of insects
July 23, 2012

Q&A after the presentation with Mark, Lars, and René,
moderated by Jon Mulholland, the editor of The Observer.
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Towards the end of June, work at the
lab slowed as we donned our boots and
headed out to the rain-soaked fields at
Refshaleøen. The circus tent was up and
the tasks were set to prepare the site for
the second MAD Symposium, a thus-far
annual gathering of chefs, producers,
thinkers, and leaders in food from
around the world. The theme of this
year’s symposium was ’appetite’, and
the twenty or so speakers delivered a
huge range of talks, from the incredibly
polished to the conversational; there

was sharing of research, demonstrations
of all sorts, musings on the larger, less
tangible forces of culture, stories most
of us could never begin to think up, and
of course, some delicious and intriguing
samples. Some of our favourite presentations were those by Roddy Sloan, who
supplies Noma with sea urchins from
the northern reaches of Norway, and
Patrick Johansson from Sweden, also
known as the Butter Viking, who makes
the most interesting and expert butters.
Other notables included David Chang,
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Wylie Dufresne, Dan Barber, Paul Rozin,
Hugh Fearnley-Whittingstall, and Ferran
Adrià. All shared their thoughts with
style.
Nordic Food Lab also gave a presentation. We have been thinking a lot lately
about the relationship between ’edibility’ and ’deliciousness’: what makes something good to eat and why? How can
we come to understand more deeply the
systems that tell us, in different places
and times, what we can – and what we
should – put ’inside’ to transform the
’outside’ into part of us?
This set of questions underlies much
the work we do here at the lab. Lately it
has led us to the investigation of finding
creative ways to make insects delicious
to the Western palate.
“The delineation between edible and
inedible is deliciousness itself”
— Lars and Mark
These are the facts: 70% of the world’s
cultures eat insects in some form; they
require vastly fewer resources to raise
and produce much less waste than
’higher’ animals; and they can be reared
in areas inhospitable to more conventional livestock. The research in this field
is still young, but so far they seem to
be a highly sustainable food, especially
compared to current global meat production.

acceptable to eat in Europe and North
America but celebrated for their gastronomic value. We need to find the deliciousness latent in insects and clarify it
towards the Western palate.
Lars and Mark worked hard on the presentation, particularly the week leading
up to the Symposium, and based on the
conversation it started it looks like it
went over well. We handed out some of
our experiments for the audience to try,
including live ants (to me they taste like
lemon and caramel, like a seared lemon
rind), mayonnaise made with bee larvae
instead of eggs, and a garum fermented
from grasshoppers and wax moth larvae
instead of fish. Not everyone tried our
samples, but those who did, it seemed,
were converts.
How do you take something ’inedible’,
like an insect, and bring it into the
category of the edible? One of the many
powers of cooking, and science in general, is that it can bring us into a new
understanding and appreciation of the
world. Instead of serving a cricket whole
on a plate, as other attempts at normalising entomophagy have done, in this
case it is more effective to transform the
raw material into something that will be
recognised as delicious before edibility
is even raised as an issue. If it looks and
smells and tastes delicious, it must be
edible, right?

The largest barrier, of course, is to find
creative ways to make insects not only

This is our strategy: instead of accepting,
as contemporary culture does, that something must be edible before it can be
delicious, we see these two categories as

Mark breaks down ’the edible’ and ’the
delicious’

”The delineation between edible and
inedible is deliciousness”

distinct, though overlapping, like a Venn
diagram. Just as there are foods that
are edible but not necessarily delicious
(certain ’weeds’ for example), there are
also foods that can be delicious before
being considered edible in popular consciousness. It is this boundary we want
to push, to explore this vast range of
delicious flavours in order to incorporate
an increasingly wide array of foods into
the sphere of the edible.
Q&A after the presentation with Mark,
Lars, and René, moderated by Jon Mulholland, the editor of The Observer.
Our talk, as well as all the others, will be
available on the MAD website in a few
weeks. Until then, though, here’s our
recipe for grasshopper garum.

Grasshopper Garum
Insects

400g Whole Grasshoppers 600g Wood
Grubs

Fermented Barley

225g of pearled parley from a biodynamic supplier. Aspergillus orzyae, for
barley

Fermenting

300g of filtered water 240g of salt

Lars and Mark takes question after the
presentation
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Insects

Blend until broken up but not into a
smooth purée and keep in a container.

Fermented pearl barley

Soak the barley for 24 hours. Place in
a perforated gastro tray and steam at
100c for 90 minutes and then cool, mixing occasionally so that the individual
grains do not clump together. When
temperature is 30c or below lightly dust

with fungus Aspergillus oryzae, continuously mixing to insure even coverage.
Cover container with a damp cloth and
place in a high humidity environment
at approx 30c-35c. Let ferment for 18
hours and then mix, breaking clumps.
Allow another 18 hours to ferment, now
mixing every 6 hours.

Fermenting

Mix insect puree, barley, water and salt

together. Place in a non-reactive container with cling film directly covering the
surface. Place container in a 40c incubator or suitable area, and allow
10 weeks to ferment. The garum will
separate and remain on the bottom of
the vessel, and should be decanted with
an appropriate pipette. The paste is also
excellent, and should be passed through
a fine sauce net.

Creating Terroir: An Anthropological
Perspective on New Nordic Cuisine as an
Expression of Nordic Identity
August 7, 2012

“Cuisine is not food, it is food transcended, nature transformed into a social
product.”
— Clark 1975
By Mark Emil Hermansen, Anthropologist at Nordic Food Lab.

Abstract
By examining New Nordic Cuisine - a
contemporary food discourse based only
on produce grown and ways of cooking
“native” to the Nordic region - this
article explores localised cuisine as a
focal point for analysing contemporary
flows of identity sentiments in the
Nordic region in the 21st century. By (re)
creating a Nordic terroir, New Nordic
Cuisine enables its “natives” to ingest
the (cultural) landscape, and consume
a material version of local and regional
identity. Identity will be shown to be a
concept that is in many ways inarticulate but can be ingested as “nature”
through localised cuisine, becoming, in
the words of Appadurai (1981), ‘a highly
condensed social fact’, and established
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“The Nordic” as a marker of group identity in the Scandinavian region.

Introduction
In this dissertation I will explore the
creation of Nordic terroir by looking at
some of the ways in which discourses
of cuisine, landscape and identity have
shaped contemporary Scandinavian
cuisine in order to answer the question:
To what extent is New Nordic Cuisine an
expression of local identity?
The New Nordic Cuisine movement
has, to a large extent, been shaped by
the Manifesto for a New Nordic Cuisine
published by a group of Scandinavian
chefs in 2004, creating a new food
discourse based only on produce grown
within the Nordic region. This presents
the idea of “the Nordic” as a marker
of group identity in the Scandinavian
region. Ideas and perceptions of identity
are often paradoxical and contested, but
can to some extent inform us of some
of the ways in which groups perceive
themselves. By (re)creating a Nordic terroir, New Nordic Cuisine enables its “natives” to ingest the (cultural) landscape,
and consume a material version of local
and regional identity. Identity will be
shown to be a concept that is in many
ways inarticulate but can be ingested
as “nature” through localised cuisine,
becoming, in the words of Appadurai
(1981), ‘a highly condensed social fact’.
I will look at the creation of Nordic terroir by studying local and regional perceptions of a shared Nordic history and
landscape that enable the ‘imagined
community’ (Anderson 1991) of the Nordic people – the Nordic folk. I will argue
that the New Nordic Cuisine movement
can be seen as a reaction to the modern
world of globalization, migration and
electronic mediation. The new forms of
mediation destabilize the traditional boundaries of the nation-state and makes
room for new transnational ‘imagined
communities’, and I will argue that the
creation of Nordic terroir is a method
to ‘produce locality’ (Appadurai 1996) in

the post-national world.
Terroir will be used as a cultural category
in this dissertation, and a further elaboration on its meaning and history is
here necessary. Its meaning is originally
embedded in French culture, as part of
people’s everyday assumptions about
food. Its literal meaning is somewhere
in between soil, locality, and ‘part of the
country’ (Trubek 2008: 9).
In Purity and Danger Mary Douglas
(1985: 35) defines dirt as ‘matter out
of place’. Terroir, it could be said, is the
opposite of dirt - it is matter in a certain
place. Douglas continues: ‘Dirt, then,
is never and isolated event. Where
there is dirt there is a system. Dirt is
the by-product of a systematic ordering
and classification of matter, insofar as
ordering involves rejecting inappropriate
elements’ (Ibid.). Terroir embodies the
connections made between ‘dirt as
matter in place’, cuisine, taste, history,
memory and landscape. Its meaning is
ascribed by culture, transforming it into
a significant category, as soil, landscape
and surroundings and motivates shifting interpretations of it depending on
the culture, the person and the moment
in history (Trubek 2008).
In her book Taste of Place Amy Trubek
(2008) tracks how terroir has been an
important cultural category for the
French in categorizing taste, produce
and local cuisines, and traces it back to a
celebration of the peasant and agrarian
life that are central to French identity.
She highlights the role of the “natural”
world when discerning the taste of food;
rock, grass, hillside, valley and plateau
are all part of the vernacular when the
French grow, buy, cook and eat food. This
is particularly evident in the traditional
titling of produce with the name of its
region of origin.
The titles associated with particular
products are protected by the Institut
National des Appellations d’Origine, a
governmental agency with the power
to certify geographical indications for

agricultural produce seen as “unique”
to the place of production. For example,
Roquefort cheese has been protected
by parliamentary decree since the 15th
century. The modern version of the law
to protect the place of origin emerged
in 1919, granting Roquefort the first
Appellation d’Origine Contrôlée in 1925
(Trubek 2008). To a Frenchman, and any
other gourmet, this becomes a significant distinctive factor in the taste and
meaning of products of the same kind.
He or she will thus supposedly know
the differences in production, taste
and landscape between, for example, a
Roquefort cheese and a Comte cheese;
the Roquefort being a semi-soft bluecheese made from sheep’s milk and
aged for a few weeks in the caves surrounding the commune of Roquefortsur-Soulzon in the South of France, while
the Comte is significantly harder, made
from cow’s milk, and aged for anywhere
between 9 and 12 months in the more
northern region of the same name.
Terroir is therefore not only a descriptive device for a certain geographical
relationship between produce and the
land, but it is equally a device to grasp
an intrinsic relationship between taste
and place; in other words, food and
drink are thought to possess unique
tastes dependent on their place of
origin. Terroir and goût de terroir - the
“taste of the earth” - are both categories that frame the perception and
practice of food as a material version
of local identity. They can thus be used
to inform us of the dynamic between
“people” and “place”, whether sensual,
practical, or habitual. The French terroir
thus appears as the embodiment of an
intrinsic connection between the French
people and the French landscape, a connection considered “essential” and “as
timeless as the earth itself” and reflects
the strong presence of the vision of
rural France in French identity (Trubek
2008). Trubek traces this vision of France
back to a group of “tastemakers” in the
19th century, who focused intensely on
describing and linking produce with provinces and areas, creating, sometimes
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aristocratic, genealogies and telling the
histories of these products with myths
of patrimony, linking the produce, the
place and the taste to a storied past. In
practice, what they did was to convincingly put the vision of agrarian rural
France into people’s mouths, and thus
facilitate the “imagining” of the modern
French nation-state.
The geographers Bell and Valentine
(1997) also point out the association between French cuisine with the distinct
geographical locations, where different
physical conditions ‘combine with
localised culinary histories to produce a
rich map of food custom, habit and practice...’ (Bell and Valentine 1997: 156). They
highlight the fact that terroir is equally
present, though perhaps unarticulated,
in many regions outside France; in Italy,
Belgium and “even” in England: Yorkshire
pudding, Lancashire hotpot, Greenwich
Whitebait etc. The perception of certain
qualities embedded in terroir and local
cuisine becomes a manifestation of
the everyday practices that relate to
the perceptions of identity boundaries.
Terroir might, in other words, often be
unarticulated, but it is never the less
an important cultural category for
discerning the connection between
identity and landscape that is expressed
in localised cuisines.
Following Billig’s argument that ‘one
needs to look at the reasons why people
in the contemporary world do not forget
their nationality’ (Billig 1995: 7), localised
cuisine can be viewed as a method of
expressing local identity in everyday discourse. To Billig, the concept of nationalism is problematic because it becomes
misleading when describing what
happens in the practice of the everyday
in established nation-states. By looking
at mundane, everyday practices one
can examine the symbols and elements
that discreetly remind people of “who
they are”. These practices and discourses
combine to construct and maintain
a sense of national identity. They also
play a part in how acting individuals
with a shared sense of identity form an
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‘imagined community’ (Anderson 1991).
Anderson argues that ‘nationalism has
to be understood by aligning it, not with
self-consciously held political ideologies,
but with the large cultural systems that
preceded it, out of which - as well as
against which - it came into being’ (1991:
12). As will be shown in this dissertation, the creation of terroir can be seen
as one of the everyday discourses that
facilitates the imagined community.
Localised cuisine can thus be seen as
a manifestation of group sentiment,
a way in which feelings for and ideas
about “the land” and “the people” can be
expressed in the context of the everyday,
and becomes a platform for the production of locality (Appadurai 1996).

· 16 long radishes
· 8 g parsley
· 8 g chives
· 5 g tarragon
· 5 g chervil
· 5 g shallots
· 125 g sheep’s milk yogurt
· 15 g capers
· 50 g mayonnaise
· 5 g instant food thickener

I use New Nordic Cuisine as a broad
term for the emphasis on terroir in
contemporary Scandinavian cuisine
that has risen in popularity in the first
decade of the 21st century, and is embodied in the practices and menu of the
NOMA restaurant in Copenhagen and
the Manifesto for a New Nordic Cuisine.
In the spirit of Appadurai (1988), I will be
using cookbooks as ‘revealing artefacts
of culture in the making’ (1988: 22).

Day 2
· 40 g flour
· 20 g malt flour
· 50 g hazelnut flour
· 4 g salt
· 60 g butter, melted

The first chapter will explore Nordic
terroir as an expression of the ‘imagined
community’ of ‘the Nordic’ by looking at
the formation of the modern Scandinavian nation-states, and particularly on
the notions of a Nordic folk (people) and
the Nordic landscape. The second chapter will look at how terroir is created in
contemporary Scandinavian food practices. The third chapter will draw together
Nordic terroir and New Nordic Cuisine
with theories by Billig (1995), Anderson
(1991) and Appadurai (1996) in order to
argue that New Nordic Cuisine is an
expression of local identity through the
production of locality (Appadurai 1996).

Nordic Terroir: The Landscape and the
People
Radishes in a Pot (Serves 4)
Ingredients

Malt Soil

Day 1
· 175 g flour
· 85 g malt flour
· 50 g hazelnut flour
· 25 g sugar
· 75 g lager

Instructions:
Radishes:

Wash the radishes and cut off the bottoms. Remove the leaves and stems,
leaving only a few pretty ones.

Herb cream:

Roughly chop the herbs and shallots.
Add the yogurt and capers and process
in a Thermomix. Blend in the mayonnaise and pass through a fine sieve
(strainer). Blend the mixture with the
instant food thickener.

Malt Soil:

Day 1:
Preheat the oven to 90°C (195°F). Mix all
the dry ingredients in a bowl and pour
into a food processor. Process 3 times
in short bursts while adding the beer.
Spread on a tray and dry in the oven for
3-6 hours. Push through a coarse sieve
to remove the thickest lumps.
Day 2:
Repeat the mixing procedure from Day
1 with the remaining malt soil ingredi-
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ents, then mix the 2 batches together by
hand, ensuring that no moist lumps are
left in the mixture.

For Serving:

Use a piping (pastry) bag to half-fill a
small pot with the herb cream. Season
the radishes with sea salt and insert
them in the cream. Sprinkle enough
malt soil on top of the radishes to cover
the cream completely and the radishes
partially.
- Redzepi 2010: 315
New Nordic Cuisine’s emphasis on its
connection to the Nordic landscape is
meant quite literally: The dish Radishes in a Pot (recipe above, picture on
front page) consists of fresh16 radishes
“planted in” or “grown from” ”soil” made
from a mix of malt, hazelnuts, salt, butter and beer; covering a cream made of
parsley, chives, shallots and sheep’s milk
yoghurt. It represents, in edible form,
the whole idea of the tasty and healthy
local produce picked straight from the
rich, dark soil of the Nordic landscape. It
is served in a clay pot, itself derived from
the clay of the underground. The dish
can be seen almost as a symbol for New
Nordic Cuisine: “Nature” transformed
into “culture”.
In order to survey the creation of the
Nordic terroir, one must look at what the
idea of “the Nordic” means as a marker
of identification, and especially the role
of the Nordic landscape as the foundation ofsoil of the localised cuisine.
The Nordic landscape has long been
categorized as part of a particularly Nordic view. As will be shown later, terms
like “pureness”, “freshness”, “simplicity”,
“ethics” and “light” all surface in description of the qualities that are intrinsic
to the idea of “the Nordic”. As we shall
see, the New Nordic Cuisine movement
perceives produce from the Nordic
landscape as comprising certain special
characteristics by virtue of its “place in
history”, and “degree” of indigenity.
In her two edited volumes on the

“Nordic World” (Den Nordiske Verden),
the Danish anthropologist Kirsten Hastrup explores “the Nordic” as a part of
everyday discourse in the Scandinavian
region. She finds that whether concerned with the “Nordic countries”, “Nordic
cooperation” or “Nordic culture”, “the
Nordic” is largely taken for granted. Despite differences in language and manners between the countries “the Nordic”
is experienced as a single “unit”, distinct
from “the South” and the rest of the
world. From the “Southern” perspective
“the North” has often been an exotic
wilderness, a place in which life is closely
in touch with nature, and the people
with a certain naturalness that is largely
absent from the rest of Europe (Hastrup
1992: 12). Despite political changes and
numerous displacements of peoples,
languages and national boundaries,
the idea of the Nordic has persisted as
a concept that connects the peoples of
Scandinavia in a shared culture, from
which the “Northerners” can think of
themselves and others. Thus, Hastrup
emphasizes, by studying the idea of “the
Nordic” in its local manifestations rather
than the idea itself, grants us a perspective that can allow us to generalize on
the Nordic region as a whole.
In his ethnography of the Danes, Being
Danish, Roger Jenkins (2011) tries to map
out the ways in which ideas of Danish
and Nordic identity are constructed and
perceived. His main ethnographic argument is concerned with the paradoxical
nature of identification, manifested in
the assumptions of a Nordic cultural
and political homogeneity as a fundamental aspect of Nordic identity, embodied in the idea of the Nordic folk – the
Nordic people. The paradox is the fact
that the idea of cultural and ideological
homogeneity, in Denmark itself, and in
the rest of the Nordic region, does not
reflect the political and cultural reality.
This aspect of Nordic identity is important in informing us how the Nordic
people, on a rhetorical and political level,
express how they believe the world to
be, or how they believe it ought to be.
The idea of the coherent Nordic folk is

intimately bound up with the relationship to the landscape, which is seen
as a manifestation of a set of Nordic
characteristics. Despite the profound
geological differences between the
Nordic landscapes they are perceived as
part of the same Nordic “sphere”. This
perception of a coherent, decidedly Nordic landscape indicates how powerful
the Nordic landscape is in the image of a
coherent Nordic identity.
Jenkins puts an emphasis on the Nordic
history of social development which
results in an image of country people
and rural life as ‘more “real”, more
dependable, and more in touch with the
important things in life – generally more
authentic, in fact – than town dwellers
and the sophisticated urban milieu’
(Ibid.: 58). He concludes that this image
of the Nordic rural landscape and the
people who inhabit it is deeply important in what is understood as characteristically Nordic. This feeds into the geopolitical idea of Norden (the North) as
a powerful motif in everyday discourse
and popular sentiment (Ibid.: 92) to the
extent that the notions held about the
political and cultural similarity of the
Nordic folk become ideological: ‘”We
are all the same, we are all equal”’ (Ibid.:
100).
The ‘imagining’ of a coherent Nordic
folk can be seen as a result of various
historical events of the mid to late 19th
century. In Denmark, the constitution
of 1849 established a constitutional
monarchy with a democratically elected
government. This was followed by the
defeat to Prussia in 1864 resulting in the
annexation of a large area of Southern
Jutland. The defeat to Prussia and as Danish territory was significantly reduced,
provoked a mobilisation of nationalist
sentiment. Similarly, the “loss” of Finland
and the Norwegian independence spurred nationalistic sentiments in Sweden;
and in the new Norwegian and Finnish
nation-states nationalist sentiment
in art and literature was also used to
express and celebrate the new nations.
In Denmark, under the famous axiom
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of the poet H. P. Holst: Hvad udad tabes,
skal indad vindes (“What is outwards
lost, shall be inwards won”) a surge in
artistic expressions of Danish identity
took place. Under the same adage,
Det Danske Hedeselskab,(“The Danish
Heath Company”) established in 1866,
campaigned to “colonise” the “wild”
heaths of Jutland and acquired large
amounts of land to use for agricultural
farming, forestry and preservation. The
campaign to “win back” what was lost
by “looking inwards” also had a Swedish
counterpart, focused on annexing the
“wilderness” of Northern Sweden to
account for the loss of land due to the
independence of Finland. The nationalist
sentiments were expressed in range of
different ways, but was epitomised in
the national romanticist celebration of
language, landscape and history within
art and literature, resulting in what the
Swedish ethnologist Löfgren (1992) calls
the ‘nationalization of the landscape’.
In Denmark, for instance, it was the
‘fervent, intimate agricultural landscape,
that was in focus, when both poets and
painters pictured the authentic and
typical Danish: We meet the flowing
cornfields, smiling beech forests and
blooming meadows’ (Löfgren 1992: 152).
In this period, in Denmark known as
Guldalderen (The Golden Age), a large
number of hymns celebrating the country and the Nordic folk were written,
many of which are still sung today at
public and private gatherings, weddings
and holiday celebrations. This includes
the Danish national anthem: Der er et
Yndigt Land (“There is a Lovely Land”)
from 1819. The Swedish, Norwegian and
Finnish national anthems were written in the same period, under similar
political circumstances, and all refer
specifically to “the land” of the nation,
as a primordial setting for the people
of the Nordic region. Even in this period
of nationalist sentiment, the Nordic
landscape as an image of primordial
beauty and as the “natural habitat” for
the Nordic folk transcended the narratives of the individual nation-states. This
echoes Jenkins’ remark that the Nordic
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people perceive themselves as intrinsically one and the same folk: ‘““We are
all the same, we are all equal”’” (Jenkins
2011: 100). The intimate relationship between the folk and the land is saimilarly
expressed in the concluding lines of the
Swedish national anthem Du gamla, Du
fria (“Thou Ancient, Thou Free”) written
in 1844, and originally named Sång till
Norden (“Song for the North”):
Jag byter Dig ej, mot allt i en värld/
Nej, jag vill leva jag vill dö i Norden.
(”I trade thee not, for anything in the
world/
No, I want to live; I want to die in the
North”.)
- Löfgren 1992
In Denmark, following Grundtvig’s
social movement and the modernisation of the rural production facilities,
the idea of the folk and its adverbial
version, folkelig, became synonymous
with the Nordic tradition of popular,
participatory social democracy (in the
non-party sense), and it is in this period
that the geo-political idea of “the North”
emerges (Jenkins 2011: 92). The Nordic
countries still have a clear-cut and
homogenous sense of Nordic identity,
as can be seen in the reluctance to give
away influence to the EU, revolving
around the fear of a potential loss of the
Nordic welfare model of participatory
social democracy and preserving the
perceived cultural and ethnic homogeneity (Jenkins 2011: 85-86).
The meaning of the Nordic landscape
has been and is continually reproduced
through a range of different media
that have become instrumental in the
construction of the Nordic landscape
as a cultural artefact. This includes the
consumption of images, texts, anthems
and music, but also through geography
lessons in schools, the landscape
paintings on display in the national
museums, and the images used to
decorate the home, be they paintings,
posters or postcards. Furthermore the

advent of mass tourism and the “pilgrimages” to special national landscapes
have become popular, because they are
defined as “ancient Swedish”, “purely
Finnish”, “authentic Danish” or ‘”very
Norwegian”. There has come to exist a
sort of national gallery of the landscape,
exhibited everywhere from museums, to
homes and tourist brochures, to present
a series of places where “emotions” and
“nature” are combined in a very specific
way (Löfgren 1992: 157).
Löfgren (1992) highlights a specific
Nordic emphasis on vildmarken (“wilderness”) as an organising theme in
the history of the Nordic landscape. The
Nordic wilderness has since the national
romanticism of the 19th century been
portrayed as a ‘fascinating utopia’ with
an abundance of unknown, unexplored
and unexploited resources (Ibid.: 115).
As shown, this has been partly a result
of the emergence of the democratic
nation-states, in which the importance
of the landscape in the creation of
national identity was highlighted. As a
cultural concept, the wilderness is often
an embodiment of what was “before”,
and it takes on not only a spatial, but
also a temporal dimension: ‘“Before, this
was just wilderness”‘ (Ibid.: 115).
The widespread ownership, across classes, of second homes in the countryside grants us a look at the role of the
landscape in everyday life. Especially in
Denmark, this often takes the form of allotments. Allotments, in Denmark called
kolonihaver, and their attached houses,
kolonihavehuse, emerged in the late
19th and early 20th century, as spaces
for the growing urban working class
to enjoy fresh air and good company.
Allotments were also utilized to grow
vegetables, to support the diet and budget of the average working class family.
As a sign of, and perhaps in honour of,
the idealistic origins of the kolonihave,
hedges are still today only allowed to
be 125 cm tall to allow neighbours to
stay in contact, and enable people to
follow the life of the inhabitants of
the other allotments (Ibid.: 140). The

BLOG POSTS

allotments and the small houses were
meant as “natural” spaces that could
function without the supervision of the
establishment found in the urban public
parks, facilitating the image of the
Nordic pastoral idyll ‘with fresh air and
sunshine available to all, and its defence
symbolizes the defence of something
much wider’ (Jenkins 2011: 99)[1]. The
allotment gardens and houses reflect a
sort of imaginative individualism, with
no two houses or gardens looking the
same, and often with national flags
waving from the multiple flagpoles,
meticulously and carefully raised and
taken down in accordance with the rules
of the national “flag calendar”.
From the 1880s, the number of allotments increased as a reaction to the
growing demand for open air public
spaces. This is also the time many large
public parks, like Fælledparken in Copenhagen and Djurgården in Stockholm,
were established. Apart from providing
the occasional air and sunshine for
the masses, these spaces also became
important political spaces; the scene of
working class demonstrations and riots,
acting as alternative urban landscapes
in a time of industrialism and largescale urbanization. Especially at the time
of their establishment, Löfgren (1992)
argues, it can be said that the urban
parks and suburban allotments became
an alternative social arena for a few generations of the working classes, which
became the foundation of a form of
society life that was difficult to establish
in cramped spaces of the metropolitan
homes. Allotments were decisively “free”
spaces that could accommodate the
creativity and need for an expanded
societal life that was not a part of the
urban life of the working class - the societal faction that was the foundation of
the social democratic movement, which,
as Jenkins (2011) has shown above, holds
a significant position in Nordic identity.
It is interesting to see how Nordic identity, and the idea of a coherent Nordic
folk is perceived to be a synthesis of
other regional identities, with whom the

Nordic peoples identify by virtue of their
mutually intelligible languages (especially Sweden, Norway and Denmark)
and closely intertwined histories, despite a history of hostility and migration.
The anthropologist Marianne Gullestad
(1989) even goes as far as identifying
a few aspects that are perceived as
universal to Nordic identity, namely
‘equality defined as sameness; homecenteredness; desire for peace and quiet;
love of nature; stability; independence;
self-sufficiency; and self-control’ (Ibid.:
85).
This way, the Nordic landscape takes on
two separate, but historically intertwined perceptions: One is as a utopian
image of pastoral idyll, the other as the
setting for the social movements of the
20th century. By looking to the North, to
a perceived historical relationship between the people and landscapes of the
Nordic region, a sort of perceived Nordic
“race” appears as the embodiment of a
vision of the North, which is continuously reproduced in daily practice, not only
as reflected in the national anthems, but
in the everyday practice and discourse
of engaging with the landscape. The
kolonihave and public parks are incorporated in a particularly Nordic landscape;
a place where romanticist discourses
of ‘”the land” and its “genealogy” as the
primordial home of the Nordic folk, is
closely intertwined with its role in the
reproduction of the social ideology, that
Gullestad and others have revealed as
central to Nordic identity. As will be
shown in the next chapter, it is this dual
perception of the Nordic landscape that
is embodied in Nordic terroir.

Water, Light and Soil: Discerning the
Taste of the Nordic
As Nordic chefs we find that the time
has now come for us to create a New
Nordic Kitchen, which in virtue of its
good taste and special character compares favourably with the standard of the
greatest kitchens of the world.

The aims of New Nordic Cuisine are:

To express the purity, freshness, simplicity and ethics we wish to associate
with our region.
To reflect the changing of the seasons in
the meals we make.
To base our cooking on ingredients
and produce whose characteristics are
particularly excellent in our climates,
landscapes and waters.
To combine the demand for good taste
with modern knowledge of health and
well-being.
To promote Nordic products and the
variety of Nordic producers – and to
spread the word about their underlying
cultures.
To promote animal welfare and a sound
production process in our seas, on our
farmland and in the wild.
To develop potentially new applications
of traditional Nordic food products.
To combine the best in Nordic cookery
and culinary traditions with impulses
from abroad.
To combine local self-sufficiency with regional sharing of high-quality products.
To join forces with consumer representatives, other cooking craftsmen,
agriculture, the fishing, food , retail and
wholesale industries, researchers, teachers, politicians and authorities on this
project for the benefit and advantage of
everyone in the Nordic countries.
- Manifesto for a New Nordic Cuisine,
2004 (Meyer n.d. a)
This is the Manifesto for a New Nordic
Cuisine created by a group of Scandinavian chefs in 2004. New Nordic Cuisine
is presented as a powerful medium
through which certain characteristics of
the Nordic can be expressed. It is described in abstract and ambiguous terms
like ’ethics’ and ’simplicity’. The ’demand
for good taste’ results in a plan for the
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creation of the New Nordic Cuisine that
will benefit the ’health and well-being’
of ’everyone in the Nordic countries’. It
has a ’special character’, a Nordic character, which can be ’favourably’ compared
to other global cuisines. These characteristics are produced by the ’particularly excellent’ conditions of the Nordic
landscape, climate and waters.
Following Bourdieu (1989), the experience of ”taste” (and in this context particularly the experience of something
”tasting good”) is largely determined by
the social structures in which it is a part
of everyday experience, often discerned
by a relatively small elite group. Just as
Trubek (2008) traces the vision of French
terroir back to a group of ”tastemakers”
in the 19th century, the Manifesto for a
New Nordic
Cuisine signifies a similar mobilisation
of landscape, ”nation” and cuisine.
The “tastemakers” of the New Nordic
Cuisine movement are a group of chefs,
cooks and food critics who discern the
taste of the Nordic for the general public
who make use of their buying power
to implement their ideas, and put the
vision of “the Nordic” in their mouths.
Since cooking and eating in the postmodern era involve both the domestic and
public sphere, this is a movement that
can be traced in practices across the
spheres of society.

and Danish-MacedonianBosnian chef
René Redzepi,, with the Manifesto for
a New Nordic Cuisine as its backbone,
NOMA has received worldwide attention since its establishment, culminating in the San Pellegrino World’s Best
Restaurant Award in both 2010 and 2011.
While NOMA is a relatively expensive,
gourmet-oriented restaurant, its effect
as a foundational institution within
New Nordic Cuisine has been profound.
Since the manifesto was written,
Scandinavian cuisine, as it is also known,
has experienced a surge in attention,
becoming one of the preferred destinations of choice for foodies, gourmets
and gourmands from all over the world.
The emphasis on Nordic terroir and its
”special character” persists to be highlighted as one of its key characteristics
(Christensen 2008).

The flagship of the movement seems to
be the NOMA restaurant in Copenhagen (NOMA is an acronym for Nordisk
Mad – lit. ”Nordic Food”). NOMA offers a
”personal rendition of Nordic gourmet
cuisine with an innovative gastronomic
take on traditional cooking methods,
fine Nordic produce and the legacy of
our shared food heritage. Moreover, we
regard it as a personal challenge to help
bring about a revival of Nordic cuisine
and let its distinctive flavours and particular regional character brighten up the
world” - NOMA n.d.

The movement includeshas become
the platform for the establishment of
a consortium of bakeries, farms and
fisheries around Scandinavia as well
asand the establishment of numbers
of new restaurants, food markets and
cookbooks about Scandinavian cuisine
and “traditional” ingredients, serving
the booming market for quality local
produce. The ”NOMA-effect” has meant
that the everyday food choices of many
Scandinavians have shifted towards
consuming more local products, along
with organic, bio-dynamic and environmentally sustainable produce, which
are which are perceived to reside in the
same ’sphere’ of products as local produce, and all collectively perceived as “good
for you” (Lassen and Korzen 20098,
Terragni, Torjusen and Vittersø 2009,
Halkier 20095, Boström and Klintman
2009). Similarly, in her cookbook entitled
The Scandinavian Kitchen (2010), Danish cook Camilla Plum describes it as a
growing environmental awareness, and
the awareness of ’growing and eating
organic food, and eating locally and seasonally [is] growing fast’ (Plum 2010: 6).

Since being founded in 2004, by the Danish cook and entrepreneur Claus Meyer

A leading figure in the New Nordic
Cuisine movement is the Danish cook,
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entrepreneur and co-owner of NOMA,
Claus Meyer. His cookbook, Almanak
(2010), has so far sold over 50,000 copies
(Andersen 2011), not insignificant in a
country of approximately 5 million inhabitants. Also since 2004, Meyer has cohosted the public television show New
Scandinavian Cooking with the Swedish
chef Tina Nordström, Norwegian chef
Andreas Viestad and the Finnish chef
Sara La Fountain. The show is based on
the Manifesto for a New Nordic Cuisine
and the anchors travel all over the Nordic region, exploring local produce and
cuisine. The show has been running for
5 seasons, has been distributed to over
100 countries and over 200 million viewers yearly (New Scandinavian Cooking
n.d.), and has, according to the website
of the distributor, been ’well received by
both American audiences and international audiences across the board’ (Ibid.).
Another popular Danish cook, Trina
Hahnemann, in her book The Nordic
Diet (2010), focuses on the healthy
aspects of the Nordic diet, adding that
the Nordic diet is ’all about good, homecooked food that is full of flavour.... It
affords us an opportunity to change our
diet according to local produce, seasons,
tradition and contemporary taste’
(Hahnemann 2010: 9).
Camilla Plum, who, like Meyer, also hosts
a range of public TV-shows, describes
the attention to Nordic cuisine as a
result of the efforts of ’young chefs and
young families [who] embrace traditions, in order to evolve them, creating
fresher, lighter, even more seasonal and
local food’ (Plum 2010: 6).
Evidently, the terroir concept is used
instrumentally to express an almost
pseudo-scientific reasoning behind the
“special character” of Nordic cuisine.
Somehow, this “character” affects the
tongue, a sensory organ with hundreds
of small papillae enabling us to distinguish between salty, sweet, bitter, sour
and umami, in a manner that makes it
taste especially and specifically ”Nordic”.
As the acclaimed Danish-Icelandic artist
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Olafur Eliasson writes on New Nordic
Cuisine:
”If we find out where the food comes
from and where it goes to, maybe this
knowledge can be made into a kind of
flavour-enhancer. It matters whether
the potatoes come from New Zealand or
from the Lammefjord area of Denmark,
and I can see great potential in not
dividing knowledge and flavour (just
as in art, we should not separate form
and content). They can be part of one
and the same food experience. In the
same way, cooking and eating and taste
are associated with many other things.
Food can be political. Food can be about
responsibility, sustainability, geography
and culture. It is in the implementation
of René [Redzepi]’s ideas that we find
the integration of the experience of
dining and the social dimension, of memories, cultural spaces, the raw ingredients of the Nordic countries, individual
and collective experiences.”
- Eliasson 2010: 9
Clearly, the influence of Meyer, Redzepi,
Plum, Hahnemann and chefs like them,
as discerners of taste, have an influence
on the transformation, on of everyday
food practices, that cannot be ignored.
René Redzepi, the co-founder and headchef of NOMA, has published a cookbook entitled NOMA – Time and Place
in Nordic Cuisine (2010), containing
his diary from 2003 about his “culinary
expedition” across the Nordic region.
Here Redzepi describes his encounters
with traditional produce and cooking
methods. The purpose of this trip was to
find inspiration for the future menu of
NOMA, a menu that should reflect the
region and its “special character” and
would eventually result in the creation
of the Manifesto for a New Nordic
Cuisine. This is how Redzepi describes
one of his first encounters with Icelandic
cuisine:
”We meet with Einar Matthiasson at the
MS dairy. He has organised a tasting of

their skyr. Skyr is a cottage-type cheese
with deep roots in Icelandic history that
can be traced back a thousand years,
and the recipe hasn’t really changed
since! Wild! The milk is heated, then
cooled to 40°C. You add rennet and old
skyr. It matures for a full day in a muslin
(cheesecloth). Then it can be mixed as
you like it – with milk or cream – and
you can use it in pastries, desserts, etc.
Skyr just tastes damn good: creamy, lowfat and with a very deep flavour, much
better than fromage blanc. Perhaps the
special milk from the indigenous cows
really makes a difference?”
- Redzepi 2010: 29

us to bring the primary produce to the
table with its own distinctive characteristics. By consuming the produce we
become part of the surroundings that
go into the food, and the cultivation
location becomes part of us. It works
both ways. For that reason the origin of
primary produce, its identity, is vital if
we want to avoid becoming alienated
from ourselves. No matter who we are.”
- Meyer n.d. b

As Redzepi indicates in his description of
skyr, there is a perception that produce
embodies and expresses, by way of
taste, certain special characteristics by
virtue of its place in history, and perceived ”degree” of indigenity. This way, the
emphasis on local produce as ingredients in Nordic cuisine, becomes just
as much a focus on the land that has
produced it. This “primordial” approach
suggests that the “taste of place” is
produced by an encounter with “nature”
through preparing and ingesting food,
and the soil and its cultural and historical genealogy is of primary importance
in its creation – it is, in other words,
deeply intertwined with the Nordic
terroir. The use of authenticity seems to
rest on an assumption of a superiority of
traditional practices; that historical persistence somehow guarantees higher
quality food and drink. This emphasis on
the superiority of Nordic terroir is present across the spectre of contemporary
Scandinavian cuisine. Claus Meyer
explains his view on the importance of
terroir in New Nordic Cuisine:

T”erroir is the “soul” of a location and is
largely unaffected by time. If you return
to Perigord [a French region] in two
hundred years’ time you will still be able
to grow superb walnuts there. In comparison to this permanence, human beings
are a transient secondary factor.”
- Ibid.

”The French word terroir is very important in our Nordic primary produce
culture, a fact that is often overlooked.
Usually terroir is defined as the impact
of the cultivation location on primary
produce. In other words, the impact of
all sorts of natural forces – soil condition, sun, wind and rain – that enables

Meyer here links the landscape with
‘ourselves’, practically presenting the
landscape and its inhabitants as one
and the same. Meyer continues:

Camilla Plum also presents the intimate
connection between taste and Nordic
landscape and climate, and of the importance of the “traditional” preparation
methods involved in the production of
Nordic cuisine:
”Growing conditions are the roots of any
kitchen; the flavours of our food here in
the north stem from cool summers and
icy winters, plenty of rain, cold waters
and long summer days with endless
rain…. Scandinavian cooking achieves a
delicate balance between extravagance
and the humble…. We are proud of our
traditions, and they are mostly very
much alive, some of them very local or
regional.”
- Plum 2010: 6
Meyer, Redzepi and Plum all highlight
the importance of the “timeless” and
“essential” qualities of Nordic aspectnotions in the taste of Nordic cuisine
cuisine. The Nordic landscapesoil and climate are essential elements of the taste
of the Nordic, expressing the ‘special
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and favourable climatic conditions …,
undisturbed areas of countryside, and
very small population’ and the ‘unusual’
light conditions. The long hours of
lightsun in the summer is presented as
particularly important to the taste of
the North, since plants acquire ‘all their
energy and consequently their entire
taste foundation from light’, and it is
hence possible to ‘equate the sum of
light with richness of taste’, because
the glucose produced in photosynthesis
‘fuels the plant’s inner creativity … ensuring high concentration and diversity
(complexity) of appealing flavours’
(Meyer n.d. b). The ”essentialist” view on
Nordic produce is reflected across many
of the recent Scandinavian cookbooks.
Hahnemann’s (2010) describes the
many health benefits of Nordic cuisine,
while chefs like Camilla Plum (2010)
also highlight the intrinsic values of a
cuisine that is ’all about simple, healthy,
seasonal food made from delicious, local
produce: luscious berries, juicy fruits,
fresh fish and game, and ancient grains
combined with deliciously pungent
herbs to create sensational flavours’.
These “natural” conditions for Nordic
terroir and its supposed “patrimony”
should be explored further:
Kirsten Hastrup’s work on the “Nordic
World” discussed in the previous chapter, is attributed as a continuation of the
work of the Danish cultural historian
Troels-Lund (1883), who in the end of
the 19th century published 12 volumes
on Dagligliv I Norden (“Everyday Life
in the North”). In his comments about
the ‘development of foods’ (TroelsLund 1883: 1), he mentions the harsh
weather conditions as a condition that
encourages a strong appetite, and
makes preservation easier. Troels-Lund
highlights grød (porridge) as one of the
‘oldest’ Nordic meals. No other meal is
described as frequently as this ‘from the
moment the written sources begun’.
The word grød has hence ‘for millennia
worked its magic in the North’, as both
a daily and festive dish. Troels-Lund
highlights the fact that the word grød is
closely related to the word gryde (a pot)
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and how its difference from the French
pot – derived from potage, a soup, which
is once again derived from the words
potager or potagere meaning “vegetable
garden” – underlines the differences between the way of life in” the North” and
“the South” (Ibid.: 9), as examples of two
“primordial” dishes, the one based on
grain and milk, the other on vegetables,
both reflecting the climatic and geographical circumstances under which they
were produced.
Grain, Wheat and milk are presented as
fundamental ingredients of the “traditional” Nordic diet, along with produce
hunted or collected from the nature
since the Stone Age: oysters, mussels,
snails and other gameanimals (Ibid.: 4).
The Nordic peoples used to eat their
meat raw – either smoked, salted or
dried - never boiled. According to TroelsLund, the disgust with “bloody meats”
came with the introduction of the Old
Testament, in which blood is described
as containing the soul, highlighting the
influence of religion on food taboos.
Apart from mentioning the pre-Christian importance of drinking water and
blood, milk and beer are mentioned as
particular to pre-modern Nordic cuisine,
often making out a key ingredient in
most daily diets (Ibid.). While Troels-Lund
mentions the “traditional” Nordic diet
as being largely static through time, he
does not mention any specific relationship between the produce, the landscape
and the taste. However, weather
conditions are once again mentioned
as being of intrinsic importance to how
the landscape presents its produce to
its inhabitants and the conditions under
which they collect and preserve it is
highlighted as definitive in the diet of
the Nordic peoples.
This example shows us that the idea of
a “traditional” Nordic cuisine, grounded
in a historical continuum to produce
and methods of preparation, is to some
extent present in historical accounts.
However, it is difficult to establish the
intrinsic relationship between the
Nordic people of “the past” and the

landscape they inhabited. Their dependency on terroir was in a world that was,
to a large extent, fundamentally localised. So there is a connection between
contemporary cuisine and its supposed
historical and traditional roots, but it
could perhaps be said that Nordic terroir
as we see it today has to be created
as much as discovered. Traditionally,
geographical names have been used to
name and describe food: In Denmark,
it is Samsøe potatoes as opposed to
Lammefjord potatoes, beer from Thy as
opposed to beer from Faxe, or herring
from Glyngøre as opposed to herring
from Christiansø; but also many other
regional specialities, like mushrooms
from Anderslöv in Southern Sweden,
sea urchins from Bodö and eggs from
the Swedish Blue ducks in Gotland bear
the name of the geographical location
of its production (Redzepi 2010). Unlike
France, however, the produce’s connection to geographical locations are not
protected by a controlling organization
like the Appellation d’Origine Contrôlée,
and produce can thus, in theory, be
from anywhere and still bear the name
of a geographical location without
necessarily being derived from it. Still,
the geographical title is a symbol of
“authenticity”, as it links the produce
with the landscape, making a claim to
the Nordic terroir.
The (re)creation of Nordic terroir enables
the Nordic folk to discover ”who they
are” through an encounter with the
landscape, tradition, and the ”natural”
world, and puts them “in touch” with
the natural seasons and climates of the
land they inhabit. As Hahnemann (2010)
notes, ‘“The countries of the Nordic
Hemisphere have their very own healthy
food culture, ingredients and traditions
which have, for too long, been eclipsed
by the perceived benefits of the cuisines
of other nations deemed to be intrinsically beatter for us. Rediscovering our
Northern heritage also helps us address
several issues around food other than
health’” (Ibid.: 8). Additionally, Hahnemann (2010) emphasizes the importance of the ‘cooking and eating habits’
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(Ibid.:6) centred around the kitchen,
and using cooking as a way of ‘living
life together’ (Ibid.). Hence Additionally,
New Nordic Cuisine reflects some of the
aspects Gullestad (1989) has mentioned
as central to Nordic identity (namely
‘equality defined as sameness; homecenteredness; desire for peace and quiet;
love of nature; stability; independence;
self-sufficiency; and self-control’ (Gullestad 1989: 85)).; for instance, Hahnemann (2010) emphasizes the importance of the ‘cooking and eating habits’
(Ibid.:6) centred around the kitchen,
and using cooking as a way of ‘living life
together’ (Ibid.).
To adopt Hahnemann’s expression,
discovering the Nordic terroir can help
address several issues around cuisine
other than health. In the next chapter I
will discuss how the creation of terroir
can be seen as an expression of local
identity through the production of locality, to reflect a cuisine where, as Olafur
Eliasson writes, ’the potato cannot be
separated from the soil... They come
from a field, a tree, a bush, an animal,
the sea... In other words, they, like us, are
inseparable from the environment. And
NOMA’s environment is largely Scandinavian’ (Eliasson 2010: 9).

‘There is a Lovely Land’: New Nordic
Cuisine as Production of Locality
”At different times he [Redzepi] discovered how an ingredient should taste, its
links to time and place: a Swedish truffle, birch-tree sap, a Danish mushroom,
succulent seaweed, the potential of hazelnut and elderflower and nasturtium…
“We cook the way we cook because this
is what we found,” Redzepi said. He’s a
chef for a shrinking planet, the man who
found a terroir beneath the permafrost.”
- Roger Cohen, New York Times columnist (Cohen 2011)
Anthropology has traditionally established food as a topic that is about
commensality, a way to define one’s
own group and distinguish the “other”.
For those working on ethnicity, particu-

larly for Mary Douglas in her seminal
book Purity and Danger (1985), cuisine
and culinary tradition is a good “boundary maker”, providing a symbol for
transforming “nature”, or the “outside”,
into “culture”, “the inside”, providing
meaning through structure. Cuisine
becomes about identity creation and
maintenance, whether it be national,
ethnic, class or gender-based (Douglas
1985, Sutton 2001, Jansen 2001, Fischler
1988, Scholliers 2001, Eriksen 2002 et al.).

an indicator for social and hierarchical
differences, and shows that particular
foods can become anchors of identity.
While not all foods holds the symbolic
power to demarcate identity, the incorporation of certain food types into the
traditional local cuisine, exemplified in
the local interest in the French baguette,
as a substitute for the traditional flatbread, can be used as a way to express
an aspiration to belong to a higher
status group (Jansen 2001).

As Fischler (1988) has pointed out,
food is central to our sense of identity.
While eating is a “biological” act in
the sense that it is vital for survival,
it requires a crossing of “natural” and
“cultural” boundaries; of the threshold
between what is “outside” and what is
“inside”. This principle of incorporation
touches not only upon the very nature
of a person but also forms a basis for
collective identity. One example of the
importance of eating and drinking habits as a boundary maker is when some
migrant groups maintain their culinary
traditions, even when language and
other cultural expressions fade. In other
words, food choices are a way for people
to demarcate their own and the other
group. The principle of incorporation is
empowered by the understanding of
cuisine as a system of classification and
representation, operating in the register
of the imagination, giving food and its
eaters a place in the world. To Fischler,
the contemporary innovation and alteration of global cuisines - technologically
and culturally - has caused a crisis in
the former identification with food as
a marker of social group boundaries,
and, consequently, an identity-crisis of
the “eater” (Fischler 1988 and Scholliers
2001).

Sutton (2001) builds on this by discussing the power of food as an incubator
of memory, and especially its power to
stimulate nostalgia. Sutton focuses on
the ability of everyday practices of cooking and eating to generate ‘subjective
commentary’ and ‘encode’ powerful
meanings, linking food with memory as
both have strong connections to issues
of identity, summed up in the phrase:
‘if “we are what we eat”, then “we are
what we ate” as well’ (Sutton 2001: 6),
and reflected in Hannerz’ anecdote that
the first thing a Swedish couple did after
a trip to Borneo was to drink a glass of
cold milk: ‘Home is where that glass of
cold milk is’ (Hannerz 1996: 27).

The power of food as boundary-marker
is also described by Jansen (2001) in his
study of different kinds of bread as a
manifestation of conflicting identities
in a post-colonial Algerian village. According to Jansen, the different kinds of
breads originating from two distinctly
different culinary traditions, becomes

Palmer (1998) further explores how culturally defined patterns of eating enable
people to express and re-affirm their
identity, because the ‘material world
serve to identify who and what we are,
both to ourselves and to others: natural
surroundings, the food we eat, literary
fiction, museums and galleries etc.’
(Ibid.: 176). While cuisines are often associated with certain regions and nations,
the mixing of cultures, patterns of trade
and migration have resulted in cuisines
that cannot be said to derive from one
single nationally defined source. However, the importance is not whether the
cuisine can be “proven” to derive from
a certain nation, but rather why certain
foods, styles of cooking, products, and
culinary particularities persist to be
associated with certain nationalities
or groups. This is supported by Bell and
Valentine (1997) who argue that food
is a language that ’articulates notions
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of inclusion and exclusion, of national
pride and xenophobia’ (Ibid.: 168). According to Palmer, it is exactly the ability of
cuisine to express identity that enables
it to act as a boundary-marker between
identities (Also Eriksen 2002).
Hiroko (2008), in her study of Japanese
cuisine, argues that cuisine practices
are influential in reproducing the bodies
of the nation and by that process the
‘national body is reproduced, whilst
incorporating dissident voices’ (Ibid.:
25). At the same time, globalization has
resulted in an increased emphasis on
the “Japanese” element of a cuisine that
is of an intrinsically hybrid nature, in
order to ‘reinforce national coherence
and integrity’ (Ibid.). Hiroko suggests
that cuisine thus becomes a tool for ‘biopolitical governing’ (Ibid.) to negotiate
identity boundaries while ‘developing
the nation-state through taking care of
the national population’ (Ibid.).
Direct expressions and acts of nationalism, are frowned upon in the Nordic
region, and words like nationalism and
patriotism are often avoided when discussing what is and what is not Nordic,
although nationalism is ‘everywhere one
looks and outspoken pride in the nation
is taken for granted and unremarkable” (Jenkins 2011: 219). Evidently, New
Nordic Cuisine, with its explicit focus
on the Nordic terroir, can be seen as an
example of the ‘banal’ expression of
the imagined Nordic community. From
this view, cuisine is as much a symbol
of identity and nationality as the more
obvious symbols of anthems, coins and
ceremonies.
As discussed earlier, an idea of a coherent Nordic landscape as the “natural”
habitat for the Nordic folk is pivotal in
Nordic identity and in the creation of
terroir. In his inquiry into Danish identity,
Jenkins concludes a list of features that,
to the Danes, participate in the creation
of an identity that is specifically Danish.
Topping this list is the perception of
a menu of supposedly Danish dishes
such as pastries (wienerbrød), roast pork
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(flæskesteg), beef with soft onion, gravy,
frankfurters, meat patties (frikadeller), old-fashioned ice-cream wafers,
or stewed berries with cream (rødgrød
med fløde), beer and schnapps (Jenkins
2011: 213). Also, eating and the social
setting of eating together with family,
friends or acquaintances, and the hygge
– the important Scandinavian concept
that could be described as a sense of togetherness, fellowship, personal warmth
and mutuality - that is produced by this
setting, are all intimately connected
with notions of culture, tradition, solidarity and fellowship. Other features listed
as central to the “shared place” that
appears as fundamentally important to
Danish identity are:
”Physical geography (i.e. Denmark seen
as a natural feature on the planet’s surface); the weather; wildlife and plants;
a beautiful landscape on gentle hills,
sand dunes, beaches; low islands and
beech woods; a strong ideological rural
orientation; farms, farmers and farm
animals; visible relics of history such as
stone tombs, barrows, rune stones and
ancient churches; architecture, whether
classical or modern; and tourist attractions. This is a heady mixture of longitude
and latitude, climate, nature, landscape,
romanticism, agriculture, history, the
built environment, and tourism.”
- Jenkins 2011: 219
This echoes Löfgren’s (1992) description of a powerful romantic image of
the rural landscape that has been an
important part of the collective selfperception of Nordic identity since at
least the 19th century, presenting an
image of the Nordic landscape that is
‘relatively coherent, striking and powerful, and utterly romantic’ (Jenkins 2011:
215). The perceived “historical continuity”
of the connection between the Nordic
folk and the Nordic landscape is again
closely connected to a sense of community (or imagined community), claiming
legitimacy that ‘derives from lineage
and the sheer passage of time’ telling
a story of a people ‘that has been continuously settled since at least the Viking

age, homogeneous in culture and ’race’’
(Anderson 1991 and Jenkins 2011: 219).
Following Billig’s (1995: 7) argument that
‘one needs to look at the reasons why
people in the contemporary world do
not forget their nationality’ by looking
at everyday practices and discourses,
one can consider New Nordic Cuisine
a discourse that discreetly remind the
Nordic people of who they are; and
enables them to imagine the Nordic
folk. -P perhaps it is even because of the
Nordic aversion to act directly “‘nationalistic”’ (Jenkins 2011) that thisa ‘banal’
form of nationalism becomes potent as
an identity-marker in the Nordic region.
New Nordic Cuisine in this context is a
symbolic setting that allows the idea
of the Nordic folk to be reproduced,
and echoes Palmer’s observation that
‘culturally defined patterns of eating
enable people to both re-affirm and
express their sense of identity’ (Palmer
1998: 190).
The idea of a coherent Nordic identity, or imagined community, is based
on shared claims of landsoil or language, that draw their power from the
sentiments of boundary maintenance
that bind small groups (as described
by Barth (1969) and Eriksen (2002))[2].
In this view, small intimate, everyday
practices, and practices and discourses
involving the group, are, basically, based
on kinship or its extensions. However,
as Appadurai (1996) has showed, this
‘Primordialist Thesis’ is deeply flawed,
and should be re-evaluated to fit in to
a post-modern world of globalization,
migration, and electronic mediation.
I will briefly outline Appadurai’s argument: The modern world of migration,
technology and electronic mediation
makes the world with room for new
‘imagined communities’ (Anderson 1991)
that are able to transcend the boundaries of large-scale group identities that
might have previously been taken for
granted. The nation-state is particularly
challenged and destabilized by the new
transnational communities. The new

BLOG POSTS

group identities thus take over the role
of the nation-state as the arbiter of
important social changes. Rituals especially (like eating and cooking produced
from local knowledge) take on an important role to ‘embody locality as well as
to locate bodies in socially and spatially
defined communities’ (Appadurai 1996.:
179). This way, globalization does not
(necessarily) mean Westernization, but
rather production of localityrather localization, as transnational groups seek to
reproduce their identity, to produce “natives” and reliable local neighbourhoods,
within which people can be recognized
and organized. This facilitates ‘the construction of local terrain of habitation,
production, and moral security’ (Ibid.:
181), in other words, a reliable “locality”
which would have not otherwise had
any moral security attached to it.
New Nordic Cuisine to some extent
becomes an exercise in nostalgia, an attempt to recapture a bygone era, which
allows for the Nordic peoples, now primarily living in cities and towns, to flirt
with a lifestyle more representative of
the past than of the present. Although
the North is still a big exporter of specialized products, especially milk, sugar,
bacon, butter and beer, the region has
been subject to a shrinking agricultural
sector. Particularly over the past century
farming has shifted away from being a
localised activity that spurs economic
and culinary activity across national
home communities towards becoming a
sector of a large industrialised portfolio
based on distant trade, and on importing a large portion of produce. This is
reflected in both Plum (2010) and Eliasson, who describe New Nordic Cuisine
as a ‘recreation of local specialities, keeping and evolving traditions almost lost
to large-scale farming and factory food’
(Plum 2010: 6) that is based on a ‘trivialized sensory world’ that is ‘the product of
banal commercialization’ (Eliason 2010:
8).The contemporary global marketplace
and its consolidated distribution systems contributes to a situation that, as
David Harvey (1989) says, brings worlds
together ’in such a way as to conceal al-

most perfectly any trace of origin, of the
labour processes that produced them, or
of the social relations implicated in their
production’.
The alienation from place that follows
from the postmodern condition, in some
ways inverts the expression of identity
through cuisine, as it ceases to express
local sentiments and instead expresses
an “alien” identity. The Nordic terroir and
its role in New Nordic Cuisine can be
seen as an instrument to (re)create the
national expression of the landscape
that has been “lost” to industrialisation
and modernisation. The Nordic terroir
in this way becomes an expression of
the sentiments that bind together the
imagined community that is the Nordic
folk.th.

Conclusion
New Nordic Cuisine is a way for Nordic
identity to be expressed in everyday
life by operating as a platform for the
production of locality. Since taste cannot be physiologically shared, it must
be evaluated through language and
interaction, mediated by the dominant
cultural beliefs and practices. The Nordic
terroir expresses the “taste” of the Nordic landscape and creates a foundation
for the ‘imagined community’ of the
Nordic folk, produced by the historically
reproduced image of the landscape
as the “natural” habitat for the Nordic
folk and its role in the formation and
reproduction of the social ideology so
central to Nordic identity. Terroir here
acts as a pseudo-geographical concept
that allows for a transnational interpretation of a coherent Nordic identity: the
Nordic folk.
By incorporating the Nordic terroir, New
Nordic Cuisine enables the Nordic folk
to discover “who they are”, and puts
them “back in touch” with the Nordic
landscape and its produce. The Nordic
terroir might have been previously
unarticulated, but the mobilisation of
identity and cultural differences (Appadurai 1996) that has happened as a

response to a “globalised” or “post-modern” condition, has produced a Nordic
locality that confirms ideological notion
of the political and cultural similarity of
the Nordic folk: ‘“We are all the same, we
are all equal”’ (Jenkins 2011: 100).
The idea of a Nordic folk when exposed
to the modern world of globalization,
migration and electronic mediation
exists to allow for a production of
locality in everyday discourse; but rather
than basing its idea of itself on the
perceived historical ties that make out
claims to blood or land, “native” bodies
are reproduced via a continued production of locality – “this is who we are”.
This allows for a way to view the New
Nordic Cuisine as a sort of post-national
movement, especially because it reproduces a Nordic imagined community
based on the (re)creation of a Nordic
cuisine that takes its meaning from the
production of locality, in the form of the
Nordic terroir.

Bibliography
Andersen, C. (2011) “Claus Meyer: ‘Du kan
møde Gud I Brødet’” in Politiken, [online]
28 Aug.
Available at http://ibyen.dk/restauranter/ECE1373730/claus-meyer-du-kanmoede-gud-i-broedet/ [Accessed 29
AUG 2011]
Appadurai, A. (1981) “Gastro-Politics in
Hindu South Asia” in American Ethnologist 8 (3, August): 494-511
Appadurai, A. (1988) “How to Make a
National Cuisine: Cookbooks in Contemporary India” in Comparative Studies in
Society and History 30, 1: 3-24.
Appadurai, A. (1996) Modernity at Large:
Cultural Dimensions of Globalisation,
London and Minneapolis: University of
Minnesota Press
Barth, F. (1969) (ed) Ethnic Groups and
Boundaries: the Social Organisation of
Culture Difference, Prospect Heights, Ill.:

| NORDIC FOOD LAB | SIDE 101

BLOG POSTS

Waveland.
Bell, D., and Valentine, G. (1997) Consuming Geographies: We are Where We
Eat, London: Routledge
Boström, M. and, Klintman, M. (2009)
“The green political food consumer” in
Anthropology of food, S5, September
2009, [Online], Available: http://aof.
revues.org/index6394.html [Accessed 21
JUN 2011]
Bourdieu, P. (1989) Distinction: a social
critique of the judgement of taste, London: Routledge
Christensen, B. (2008) Gastronomien I
Danmark, Copenhagen: Lindhardt og
Ringhof
Clark, P. (1975) ”Thoughts for food, I:
French Cuisine and French Culture” in
French Review 49 (1975): 32-41
Cohen, R. (2011) “Green Cuisine in Legoland.” New York Times, [online] 10 March.
Available at: http://www.nytimes.
com/2011/03/11/opinion/11iht-edcohen11.
html [Accessed 15 AUG 2011]
Douglas, M. (1985) Purity and Danger,
Boston: Ark Paperback
Eriksen, T. H. (2002) Ethnicity and nationalism, London : Pluto Press
Eliasson, O. (2010) “Milk Skin with Grass”
in Rezepi, R. (2010) NOMA: Time and
Place in Nordic Cuisine, London: Phaidon
Fischler, C. (1988) “Food, Self and Identity” in Social Science Information 27:2,
pp.275-292
Gullestad, M. (1989) “Small Facts and
Large Issues: The Anthropology of Contemporary
Scandinavian Society” in, Annual Review
of Anthropology 1989, Vol 18, 71-93
Hahnemann, T. (2010) The Nordic Diet,
London: Quadrille Publishing

SIDE 102 | NORDIC FOOD LAB |

Halkier, B. (2009)”A practice theoretical perspective on everyday dealings
with environmental challenges of food
consumption” in Anthropology of food,
S5, September 2009, [Online], Available:
http://aof.revues.org/index6405.html
[Accessed 21 JUN 2011]
Hannerz, U. (1996) Transnational Connections, London: Routledge.
Hastrup, K., (ed) (1992) Den Nordiske
Verden I, Copenhagen: Gyldendal

Information. [online] Available at:
http://www.newscancook.com/home/
press-information/ [Accessed 10 AUG
2011]
NOMA (n.d.) The Kitchen. [online].
Available at: http://www.noma.dk/main.
php?lang=en [Accessed 2 SEP 2011]
Palmer, C. (1998) “From theory to
practice - Experiencing the nation in
everyday life” in Journal of Material
culture 3: 175-199

Hiroko, T. (2008) “Delicious Food in a
Beautiful Country: Nationhood and
Nationalism in Discourses on Food in
Contemporary Japan” in Studies in Ethnicity and Nationalism Vol. 8, No. 1

Plum, C. (2010) The Scandinavian Kitchen, London: Kylie Cathie Limited

Jansen, W. (2001) “French Bread and
Algerian Wine: Conflicting Identities
in French Algeria” in Scholliers, P. (ed)
(2001) in Food, Identity and Drink: Eating
and Drinking in Europe Since the Middle
Ages, Oxford: Berg.

Scholliers, P. (ed) (2001) Food, Identity
and Drink: Eating and Drinking in Europe
Since the Middle Ages, Oxford: Berg.

Jenkins, R. (2011) Being Danish, Copenhagen: Museum Tusculaneum Press
Lassen, J. and Korzen, S. (2009) “The environment overlooked?” in Anthropology
of food S5, September 2009, [Online],
Available: http://aof.revues.org/index6412.html [Accessed 21 JUN 2011]
Loefgren, O. (1992) “Landskabet” in Hastrup, K., (ed) (1992) Den Nordiske Verden
I, Copenhagen: Gyldendal
Meyer, C. (n.d. a) Manifesto. [online] Available at <http://www.clausmeyer.dk/en/
the_new_nordic_cuisine_/manifesto_.
html> [Accessed 23 AUG 2011]

Redzepi, R. (2010) NOMA: Time and Place
in Nordic Cuisine, London: Phaidon

Sutton, D. (2001) Remembrance of
Repasts: An Anthropology of Food and
Memory, Oxford: Berg.
Terragni, L., Torjusen, H. and Vittersø,
G (2009) “The dynamics of alternative
food consumtion: contexts, opportunities and transformations” in Anthropology of food S5, September 2009,
[Online], Available: http://aof.revues.org/
index6400.html [Accessed 21 JUN 2011]
Troels-Lund, T. F. (1883) Danmarks og
Norges Historie i Slutningen af det 16de
Aarhundrede. I: Indre Historie; Femte
Bog, Copenhagen: C. A. Reitzels Forlag.
Trubek, Amy (2008) The Taste of Place:
A Cultural Journey into Terroir, London:
University of California Press.

Meyer, C. (n.d. b) Nordic Terroir. [online]
Available at <http://www.clausmeyer.
dk/en/the_new_nordic_cuisine_/nordic_terroir.html> [Accessed 29 MAY
2011]

[1] One “defence” of the landscape on
a political level is the fact that it is not
legally possible for a non-national resident outside Denmark to buy property
(Jenkins 2011: 99).
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New Scandinavian Cooking (n.d.) Press

[2] The factors for one to be considered
as part of particular social group vary
greatly, but it can be said that they
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should at least be socially relevant as
opposed to “objective” differences, generated from other factors; it is by paying
allegiance to something (“A”), that is in
contrast to something else (“B”) that
they subscribe to the interpretation of

themselves as “A’s” and not “B’s” – no
matter how dissimilar members of
group A are in their overt behaviour
(Barth 1969: 15). In other words, social
boundaries define the group, not the
“cultural stuff” (Ibid.) it encloses; it

does not necessarily have a territorial
counterpart, and works as a means to
canalize social life.

Wild Edible Plants – an Overview
September 11, 2012

By Rachele Ellena
Since June, Nordic Food Lab has been
systematically researching and cataloguing the uses of edible plants in the
Nordic region, starting our efforts locally
in the Copenhagen area.
We set out initially to understand the
culture surrounding wild plants in the
Nordic context, with a focus on current
uses and historical background. In dialogue with Nordic wild flora experts and
ethnobotanists, an interesting picture
began to emerge. From wild plants
expert and consultant Søren Espersen,
we learned that the tradition of consu-

ming wild plants in Denmark almost
completely ended in the eighteenth century. Ethnobotanist Ingvar Svanberg also
suggested to us that due to a general
access to both public and private land
in Sweden, it is more common to gather
wild plants there, but he believes that
all Scandinavian countries belong to
the herbophobic part of Europe (herbo:
herbs and phobia: fear) – a term used
by Polish ethnobotanist Lukasz Luczaj
to describe that part of Europe which
does not generally consume wild plants.
Apart from a few select plants (see table
1), there appears no extensive tradition
of eating wild plants in this part of
Europe.[1]

Wild foods are not completely absent
from the Nordic diet, however. Instead
of herbs, these countries consumed
wild berries (Rubus, Vaccinium, etc.) in
great quantities, particularly in the Sámi
culture. Hazel nuts were also gathered,
though today it is not so common as the
imported nuts from Spain and Turkey
are larger than the wild native varieties.
And though wild mushrooms are a
popular foraged food today, they were
not used extensively even a hundred
years ago.
A notable exception to this regional herbophobia is the long tradition of using
wild aromatic plants to give fragrance to
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beverages: traditionally beer (see table
2), but currently more often in snaps
(the Danish form of schnapps). Beer
was the main drink of the Germanic
and Celtic tribes, as has been recorded
in ancient Roman sources.[2] Two of the
most commonly used species were bog
myrtle (Myrica gale) and hops (Humulus
lupulus). However, many other herbs of
secondary importance have been used
to flavour beer or to prepare medicinal beers. These are mentioned in old
herbals and a short list of them has
been compiled below in this paper (see
table 2). These various flavouring agents,
combined with the use of all available
species of cereals, led to an incredible
variety of beers.[3]
After being dismissed for many years,
wild plants are now being used in some
of the best restaurants in the world and
people travel long distances to taste
them. Plants are now celebrated, raised
up to become stars of the new Nordic
cuisine.[4] Based on our interviews
with chefs, it is clear that they mainly
use wild plants for their diverse and
interesting aromas. We have compiled
a comprehensive, but incomplete list of
plants used for their aromas below (see
table 3).
To learn more about the roots of this
wild plant renaissance, we have interviewed some of the chefs working with
wild plants in Denmark, in both avantgarde and more traditional cuisines. We
were interested in many aspects of their
craft: how their interest in wild plants
began, how modern chefs use them in
their dishes, and which sources of information they rely on to learn about their
harvest and use. We also connected with
foragers who showed us various wild
edible plant species, which we collected
in a herbarium here at Nordic Food Lab.
Their advice has shaped our research
invaluably. Professional foragers all over
Europe are working to find these hidden
treasures and introduce them to chefs.
Both foragers and chefs play a crucial
role in raising wild plants’ profile and
helping to put people back in touch with
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their local resources.
“The experience in the field, gathering
your own ingredients […] changes the
way the cooks act in the kitchen. When
you get close to the raw materials and
touch them when they are still one with
nature, taste them at the moment they
let go of the soil, you learn to respect
them.”
– René Redzepi in Noma: time and place
in Nordic Cuisine
The aim of our research is to create a
database that will assist chefs in finding
wild plants and using them in the
kitchen. There is a great range of wild
edible plants that grow in this climate,
though many of them are still unexplored in their culinary potential. What
will differentiate our database from the
already vast existing literature on the
subject is the information we hope to
include about each plant’s tastes and
aromas. We will include information
about their traditional uses in Nordic
cultures and update the database with
results from experiments at the lab. The
herbarium will be cross-referenced to
the database, to help the recognition
of the mentioned species. We are at the
start of a long but rewarding process.
We believe that encouraging chefs to
use and learn more about wild plants
would help bring people into a greater
awareness of the wild ingredients available in their region. This open-source
database will help foragers to communicate with chefs and chefs to exchange
knowledge with each other, as well as
showing people that it is possible to
use wild plants as vegetables, herbs,
and spices. Raising people’s awareness
about the tastes their environment
offers will allow them to see it through
different eyes: one’s knowledge makes
the natural world meaningful, and this
meaningfulness compels one to protect
and preserve the larger system of which
we are a part.
If you have stories or memories of con-

suming wild plants in this part of the
world, please share your story with us;
you may write us at mail@nordicfoodlab.org.
And now, a recipe. A couple of months
ago we found a nice surprise on Amagerstrand, a beach of Copenhagen. As
the woodruff season (Gallium odoratum) ended, we were extremely happy
to find sweet clover which contains
coumarin (tonka bean). chemical class,
found in many plants, notably in high
concentration in the benzopyrone in
the chemical compound a fragrantWe
started experimenting with several ice
cream recipes until we found a final version made with sheep yogurt and sweet
clover that convinced us.

Sweet Clover and Sheep’s Yogurt Ice
Cream
· 4.5 g dry sweet clover
· 175 g milk
· 95 g Danish honey
· 30 g trimoline
· 450 g sheep’s yogurt
· 23 g Thick and Easy
· Infuse the sweet clover in milk at 50°C
for 30 minutes (we put them together
under vacuum and into a temperaturecontrolled water bath). Strain, and
dissolve the honey and trimoline into
the infused milk.
· Mix the sheep’s yogurt with the Thick
and Easy. Add the infusion to the mix
and freeze.

An Historical Overview of Eating Wild
Plant Foods
Human beings have been gathering
plants longer than they have been
cultivating them. A complex selection
process over thousands of years led to
crops suitable for cultivation. Agriculture
allowed our ancestors to dedicate time
to activities beyond sourcing food.[5] A
few selected plants are now domesticated, and it is on this small handful of
species that the food security of most
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humans on earth relies. Ninety percent
of our food needs are covered by only
twenty plants species and sixty percent
of our calories come from only four
plants (corn, wheat, rice, soy).[6] Over
eight thousand wild plants throughout the world have been recognized
as edible, but we use only a fraction of
them. Most of these wild plants’ uses
have been forgotten. Why is that? The
reason for this lies partly in our history.
For many millennia after the invention of agriculture, people of different
cultures have preserved the knowledge
of using wild plants.[7] Despite having
a diet based on cultivated plants, Europeans have been integrating wild plants
into their diets for centuries. This traditional knowledge was strongly threatened already during the Middle Ages.
[8] During this time, the higher classes
sought ways to differentiate themselves
from other classes, largely by consuming goods that lower classes could
not afford. With regards to food, they
ate rare plants from all corners of the
world. It was a sign of high social status

to eat something expensive that came
from far away. Meanwhile, peasants ate
easy-to-grow vegetables and wild plants
because they were abundant and free
to collect. Eating wild plants became a
sign of low social status. When peasants
moved to urban centres they did everything they could to adapt to bourgeois norms, a lifestyle modelled after
European court life. After this transition,
every food associated with poverty was
irrevocably left behind - wild plants first
and foremost.[9]
Furthermore, this process of urbanization led people to detach themselves
more and more from the countryside
and therefore from the skills needed to
live in that environment. In the Westernized world, the supermarket became
the new field. The tendency is happening all over the world, from north
to south, from the farthest east to the
farthest west. We have ignorantly forsaken many highly nutritional plants that
helped us to evolve on our planet over
thousands of years. A prime example is
stinging nettle (Urtica dioica): it has se-

ven times more vitamin C than orange,
as much calcium as cheese, three times
more iron than spinach, and as much
protein as soy bean.[10]
Despite no longer being a common skill,
in many European countries collecting
wild plants in spring is still a habit,
or at least a hobby, especially among
elder people that live in rural areas and
migrants living in cities.[11] Modern
ethnobotany (the scientific study of the
relationships that exist between people
and plants) relies on these people to
try and retain their knowledge. The use
of plants by chefs of the Nordic region
shows that even when traditions falter
or seem to die out, people re-discover
old knowledge and re-invent uses within new paradigms – in this case, based
on taste.
“Put people back in touch with wild
plants and the old relationship will
revive.”
- Miles Irving, in The Forager Handbook
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Guidelines for Sustainable Foraging
September 11, 2012

There is edible stuff growing all around
us, and we believe in exploring it fully.
But free resources tend to be abused –
so we wanted to create some guidelines
to ensure these plants continue to flourish and so we can all enjoy the foraged
harvest for years to come.
· Respect nature and always act with
care.
· Take only as much as you are able to
use. Nothing goes to waste.
· Many countries have national foraging laws to prevent overharvesting ,
defining where, what, and how much
is legal to take. For example, the same
species might be legal to pick in one

country and endangered in another.
Make sure you know the law before
you go.
· Always pay attention to and respect
local conditions. A plant may be legal
to forage, and abundant in some areas,
but rare in others. Think like a steward.
· Ask for permission before foraging on
private land.
· Choose unpolluted places far from
industrial land, roads, or fields, which
are free of heavy metals, pesticides, and
other toxicants.
· Harvest from vibrant plants in healthy
sites.

· Pick only the species that are growing
in abundance, and don´t take any
whole plant. Instead, use a pair of scissors to snip off the plant´s top parts
or a knife to cut mushrooms. Thus
you maintain the organism’s ability
to reproduce. A good rule of thumb is
the ”1-in-20 Rule”, which says that you
should never harvest more than 5%
of a particular plant or population of
plants.
· Don´t harvest what you can´t identify.
Take home a small cutting or photograph it and use literature, internet
resources and experts to help identify
the species. Educate yourself!
· Avoid trampling down other species.
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Your harvesting should be spread out
over a large area. The site where you
foraged should look natural afterwards
– as if you had never been there.
· Harvest moss and lichens without
damaging the tree´s bark.

If you are not sure about how and what
to forage take advantage of the help
of professional foragers. They have a
thorough knowledge. Moreover, they
make their living with these goods and
thus hold a clear interest in maintaining
these wild resources.

· Peel off bark and cambium only from
felled trees.

Professional foragers and wild plant
experts:

· Seaweed should be harvested far from
sewage outfall buoys, industrial pollutants, and mouths of estuaries. Cut the
top part of young plants from a healthy
community that are still firmly attached
to the rock. Avoid floating seaweed.

In Denmark

Søren Wiuff
info@asparges.com
http://wiuff.wordpress.com/

Søl Ice at Meyers Madmodsløb
September 11, 2012

Two Saturdays ago, we packed up the ice
cream bike and headed out to Tiøren at
Amager Strand. The occasion? Meyers
’Madmodsløb’, literally ’Food courage
race’ – a big event to challenge kids to
try new flavours and unfamiliar foods.
The response was for the most part
extremely positive. Sometimes we told
them what it was beforehand, as a
challenge to incite their competitive
spirit; other times we told them what it
was afterwards, to get them to try it at
all. It took some discretion but our goal
was to get that seaweed into as many
mouths as possible. Just like with the
insects, the first taste is the hardest, and
after that it only gets easier.
With some of the children, we could see
the transformation bloom across their
face. It was dramatic: at first, they were
shy or skeptical or disgusted – but within half a minute they had slurped up
the little dish and were beaming to their
parents. My favourite moments were
when the eager ones asked for more.
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Maybe next time they’re at the beach,
or the store, or an East Asian restaurant,
they’ll interact with sea veggies in a
new way. We made it through all six
paco-containers (about five litres) of ice
cream that day. Success was written on
hundreds of sticky faces and in sweet,
melted dregs.

Søren Espersen
Tordenhuset
tordenhuset@mail.dk

In Sweden

Roland Rittman
roland@rolandrittman.com
http://rolandrittman.com/en/
Ulla Kaja Radeloff has worked with
multiple organisations in sustainable
agriculture and botany, and recently
graduated with a Master’s degree from
the University of Gastronomic Sciences
in Bra, Italy. She currently lives and works
in Berlin.
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Video of our presentation at MAD 2:
Delineating the Edible and Inedible
September 12, 2012

The full video of Lars and Mark’s presentation at MAD in July:
https://vimeo.com/48727169
What it’s all about (a summary from our
first post):
”How do you take something ’inedible’,
like an insect, and bring it into the
category of the edible? One of the many
powers of cooking, and science in general, is that it can bring us into a new
understanding and appreciation of the

world. Instead of serving a cricket whole
on a plate, as other attempts at normalising entomophagy have done, in this
case it is more effective to transform
the raw material into something that
will be recognised as delicious before
edibility is even raised as an issue. If it
looks and smells and tastes delicious, it
must be edible, right?
This is our strategy: instead of accepting, as contemporary culture does,
that something must be edible before

it can be delicious, we see these two
categories as distinct, though overlapping, like a Venn diagram. Just as
there are foods that are edible but not
necessarily delicious (certain ’weeds’ for
example), there are also foods that can
be delicious before being considered
edible in popular consciousness. It is this
boundary we want to push, to explore
this vast range of delicious flavours in
order to incorporate an increasingly
wide array of foods into the sphere of
the edible.”
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New on the boat
October 12, 2012
Meet Josh Evans, the newest member of
our team.
Josh came to work with us in June after
graduating from Yale in May, where
he studied literature, philosophy, and
sustainable agriculture. While enrolled
as a student he worked with the Yale
Sustainable Food Project. We’re looking
forward to collaborating with them in
the future.

As we settle into the fall he will be continuing our work on wild edible plants,
and starting some new projects, including a deeper look into the technique
and fermentation of teas. And you will
notice him posting updates on our blog
as well.
He will be with us for the next year or
so. The ranks grow.

Josh has dived right into life at the lab,
playing around with Ben in the kitchen,
furthering our insect and innovation
research with Mark, and preparing for
events during the busy summer season.

Conserva cruda
October 15, 2012

By Josh Evans
A couple weeks back we found a recipe
in Sandor Katz’ The Art of Fermentation
for ’Conserva Cruda di Pomodoro’, a type
of raw tomato paste that is preserved
through moulding instead of cooking.
Now, tomatoes aren’t the most Nordic
thing in the world (though you can
find them here if you try), but we were
interested to see how it works and if the
technique could be adapted to other
substrates.

The question is, is this tomato still, strictly speaking, ’raw’?
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We squeezed 4 kg of tomatoes into a
bucket, covered it with a cloth and left it
out to ferment.
The recipe told us we’d start to get
some bubbling, and then after a few
days a white mould would start to form
on the surface. Twice a day we stirred
the mould back into the liquid/pulp
mixture, until the bubbling subsided
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and it had a nice ripe smell.
The smell was the real surprise – tropical, like overripe mangos and passionfruit. And something a bit animal
about it too.
Once the moulding was done we
strained out the liquid, passed the
pulp through a tamis to separate the
flesh from the skin and seeds, and used
a superbag to squeeze out any remaining liquid. We were left with 3kg of
peach-coloured, tropical-fruit-smelling
aromatic juice, and 150g of a bright red,
homogenous paste almost fatty to the
touch. A yield of about 3.75%.
We hung the paste in cheesecloth overnight to get out any remaining moisture, then added in 8% salt by weight
to stop any mould activity. The original
recipe calls for 20% but we figured we
could do with lower.
What we have now is a concentrated,
’raw’ tomato paste that we can use to
season soups, sauces, and other dishes

with an intense, fruity flavour. The paste
itself has surprisingly little taste on the
tongue; most of its merit is the aroma.
The juice also provided a new ingredient
to play with. It has a beautiful translucent colour when it separates, and
tastes surprisingly sour. When reduced it
takes on a host of funky, meaty, grill notes that aren’t usually present in regular
tomato sauce. Dehydrated, it turns into
a potent, sour and savoury dry paste.
We have been thinking of ways to take
this process further with ingredients
more commonly Nordic. Cucumber
came to mind, for its high water content
and natural sweetness when juiced.
This time we experimented with available liquid in regulating the moulding
process. In one bucket we blended the
cucumber to a thick slurry; in the other
we left it chopped in chunks. After a
couple days, the blended one looked
and smelled quite similar to the tomato,
while the chopped one had become yellow, slimy, and definitively putrid. So the

moulding process seems to be dependent on the liquid phase.
A later trial with raw onion purée
started out promisingly but quickly
turned rancid with an overwhelming
chemical pungency, like ethyl acetate
mixed with garlic. Perhaps it wasn’t
quite liquid enough; and the natural
anti-microbial properties of alliums
might have had something to do with
it as well.
After the same process of straining, scraping, and superbagging, we were left
with a little ball of flecked green paste.
Again intensely aromatic; and again,
almost tasteless. What we really want
to know is, what type of mould is it? We
kept them in our mould room, so maybe
types of Aspergillus from the koji? We
are fascinated by moulds and there is so
much more to know.
To try to extract that incredible aroma,
we immersed the paste in 75% ethanol.
Perhaps a tincture can give us access
to that tropical fruit smell in a more
versatile form.
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Submarine kraut
October 18, 2012

By Josh Evans
We are always looking to our environment to explore an ingredient or
process further. So given we work on a
boat, it was only a matter of time before
we took a project underwater.
A simple sauerkraut was a good place to
start. We figured the lower temperature
would slow the lactic fermentation;
what we knew less was whether and
how pressure would influence flavour.
Every ten metres of water equals one
atmosphere of pressure - not an insignificant amount. Apparently some winemakers will age certain bottles on the
ocean floor so there must be a reason.
Two identical batches to start: equal
parts white and red cabbage packed
with 2% salt. One kept on our counter,
the other vacuum-packed, weighted,
and thrown overboard.
We hauled it up after three weeks. All of
it stained purple, with tiny bubbles and
a bag no longer vacuum-tight. Definitely
some bacterial activity.
The underwater kraut still held a deeper
colour, was moister, crunchier, and not
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quite as lactic. All possibly attributable
to a slower fermentation, of course. But
there was also a cleaner flavour, a satisfying depth without the sulfurous notes
of its counterpart, even from earlier in
the process.
Often we are concerned with how to
speed processes up while retaining

flavour and quality -- with our vinegar
aerator, for example. But it is also worth
investigating how to slow a process
down, to gain control over wider range
of speeds. And especially when it comes
to fermentation, we can use our surroundings as a tool, instead of immediately turning to manufactured and often

expensive equipment. Of course, we use
our fridges and freezers and stove every
day (and our centrifuge, when it works)
-- but the ocean doesn’t need a power
cord or repairman to help us transform
food.

Bee larvae granola
October 22, 2012
By Josh Evans
Bee larvae have been on the roster since
the summer, when urban beekeeping
initiative Bybi began supplying us with
their surplus. Keeping beehives involves

removing some of the larvae early in the
season, so that there will be an excess of
honey later on to harvest. [NB: Actually
the larvae removal has nothing to do
with honey – it is a strategy devised to
manage Varroa mite populations in the

hive] Traditionally, these combs were
eaten whole – larvae, pupae, honey and
all – and in that form they are one of
nature’s most nutritionally complete
foods.
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eyes. Later come legs and wings, though
by this point the bees are quite mature
and not as delicious.

flavours and build from there. This has
been our strategy with the grasshopper
garum.

The flavour is something of egg and
honey, and warm honeydew melon.
They are fatty on the tongue and deeply
savoury with a lingering sweetness.
Ben likes to remind new tasters that all
this little thing has ever eaten is honey,
so how can it not be delicious. Sound
reasoning.

So then we made granola, replacing the
usual oil and sugar with bee larvae and
honey.

The sorting is a labour-intensive process.
First we blast-freeze the whole combs
to solidify the larvae and harden the
wax. Then we break the combs down by
shaking them in a large bucket.

We let the larvae thaw, then blended
them into a pale yellow liquid of a
viscosity between milk and cream. We
blended honey through to sweeten,
stirred it through a mixture of oats, walnuts, seeds of pumpkin, sunflower, flax,
and fennel, and cracked dried juniper
berries, salted it and baked it at 160˚ for
15-20 minutes, stirring a few times for
even browning.

We have many loose larvae and small
chunks of wax. Now comes the process
of going through by hand to sort the
bees from the chaff.

The granola browned quickly – more
rapid Maillard reactions likely due to the
higher ratio of protein to sugar, thanks
to the fatty, proteinous larvae.

We have tried mesh strainers, wide
sieves, and various mixed techniques,
but we’ve yet to find a faster way. It may
come to liquid nitrogen. [NB: It did.]

We also made a ’yoghurt’ by taking
some of our bee larvae milk and honey
mixture, inoculating it with some live
yoghurt, and incubating it in a pot
overnight in the oven at 42˚. The thin
liquid set well, thickening to the point of
a nut butter, and taking on a gorgeous
caramel hue and sweet, complex aroma
that accentuates the nuttiness of the
larvae.

Once sorted, the larvae and pupae keep
well in the freezer.
The first thing we thought to do was to
make mayonnaise. They are fatty and
savoury and fill in for eggs exceptionally
well. This is what we served with live
ants as one tasting for our presentation
at MAD.
Then, like we do with most things, we
stuck some in the dehydrator to see how
their flavour intensified. They gained a
deep sweet and savoury dynamic, and
with a bit of fine salt turned into a better bar snack than any we’ve encountered.

For our purposes we need to separate
the bees from the wax, and sort them
by stage of development. The larvae are
younger, still curled, white and smooth,
while the pupae have begun to differentiate their form, gaining a thorax and

SIDE 116 | NORDIC FOOD LAB |

Yet leaving the insect whole can only
get us so far. For most people, the
largest barriers to ingesting an insect
are its whole form and texture. If we
transform the animal and remove its
chitinous exoskeleton, we can begin to
introduce these new and interesting

We are fairly sure the granola is safe,
having been cooked for so long. We
don’t know as much about how the
larvae ferment and their behaviour at
lower temperatures like 42˚, so we need
to do more research, including toxicology, just to be sure.
The best part is that the granola turns
the milk brown – the childhood joy of
processed cereal, but better.
Addendum 13.11.12 – folding in some
birch syrup before and/or during baking
adds sweetness, woody and floral notes,
and best of all, more big clumps (granola’s real raison d’être).
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Reverse engineering meju
November 8, 2012
By Ben Reade
Meju is a traditional Korean fermented
soy bean cake which has been dried for
around 6 weeks while molds (mostly
Aspergillus sp.) and bacteria (commonly
Bacillus sp.) break the macromolecular
structure down. The resulting brick of
fermented beans can then be added
to salt-water brine (sometimes along
with chili and wood charcoal) and left
to ferment in ceramic crocks over long
periods of time – the youngest I have
tasted is 2 months and the oldest, seven
years. Salt rich fermentations of protein
(like this one) are excellent for producing umami taste (a passion of NFL).
After the allotted fermentation period,
the meju and brine will have turned into

umami tasting doenjang and ganjang
respectively. The removed block of
doenjang will be mashed up and used
as something similar to Japanese miso
leaving the ganjang brine - which might
be termed ‘soy sauce’.
So in late October, Nordic Food Lab had
the pleasure to Turin for Salone del
Gusto and Terra Madre, which together
make one truly enormous event full of
a larger diversity of foods than I have
ever seen anywhere else – a neophile’s
heaven. At the event I had the privilege
to meet a Korean Buddhist Priestess
(that kind of thing just happens there).
This lady spoke about the importance of
her spiritual philosophy in making traditional monastery foods and particularly

about the importance of fermentation.
When I saw what she had on her table I
knew I absolutely HAD to get my hands
on it – meju. I managed to persuade the
priestess to part with the mysterious
looking block, and she gave me some
instructions on how best to deal with it,
although a certain amount of the information was certainly lost in translation.
When I asked the Priestess if she had
inoculated the meju she assured
me that she hadn’t, which made me
intensely curious as to what microorganisms were growing on it. Upon closer
inspection of the meju I could see how
biodiverse the whole thing was, I can
see at least four or five different molds
growing (see above). In order that I can
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get the most of the meju I have split it
in parts, 1 half to be fermented in brine,
another to use to inoculate a further
batch of meju and various crumbs and
interesting sections of the brick have
been placed on petri dishes so I can
breed up some of the species living on
the bean-cake in order to have them
analysed (some crumbs have been
collected and kept as they are, also for
further analysis).
To make petri dishes for a growth
of mold, a standard mix of dextrose
(20g/1L), agar (15g/1L) and potato starch
(4g/1L) is sterilized in a pressure cooker.
It is then poured into sterile petri dishes
which are cooled until they coagulate
and then a small portion of the meju
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can be added to a few different dishes.
It is important that the lid of the petri
dish is kept on the dish at all times, and
when the meju was put in, this was
done with as little exposure to the outside world as possible (i.e. don’t sneeze
on it!). The tool used to take parts of
the meju, was dipped into pure alcohol
and then set alight before touching the
pieces to be sampled. The lids of the
dishes should be kept on the dishes at
all times and as soon as the sample was
put into the dish, it is labeled, dated and
wrapped up with cling film.

which will be used a starter culture for
more meju. Now to the 1100g block of
meju: I was instructed by the Priestess
to add 1.5 L of water and 500g sea
salt with chili peppers and leave it to
ferment for 2 months. As I have chopped
it in half, I will be adjusting the recipe
appropriately.

So, back to the two halves of the bean
loaf, one of which is to be fermented

· 2 Chilis

into doenjang and ganjang, the other of

· 550g Meju
· 250g Sea salt
· 750g Water

With the other half I wanted to use it to
inoculate a new batch of Meju. I soaked
3 kg of organic white soybeans over
night, and then boiled them slowly until
they yielded easily to finger pressure. At
this point the beans were drained and
allowed to cool – they now weighed
around 7 kg. Following this I mashed the
beans with my hands until a paste was
formed. I added into this the second half
of the meju which I had turned into a
coarse powder. This was then kneaded
into four bricks of which will be dried on
a cool shelf for the next week at which
point they will be bound in straw and
hung in a breezy place to cure over the
following forty days. Then I will repeat
this whole song and dance, just on a
larger scale.

BLOG POSTS

Beer-brined
November 27, 2012

A strange, alien landscape.

By Josh Evans
We’ve been brining all sorts of things for
months, experimenting with different
concentrations of salt, lengths of pickling, temperature and pressure. It turns
out lactic fermentation is hugely versatile, working with all sorts of substrates
and under various conditions. Then we
started making ’brine’ with liquids other
than just water, and entered a whole
new world of fermentation process and
complexity of flavour.
One of our first trials: Cavalo nero kale in
beer brine. We rolled the leaves, packed
them tightly with a plate and weight,
and poured over a brine of Herslev Bryghus Organic Stout and 2% salt.
At first the mixture bubbled gently as
we expected. But after not too long we
knew we had a new type of beast on our
hands. The brine formed an impressive

mycoderma – a type of mould (literally
’fungus skin’) that often forms on fermenting wines and vinegars. I wonder
if it formed so readily here because of
the extra yeast in the beer. We removed
it, but not before capturing its crinkled
texture and bubbles of carbon dioxide
effusing from below.
Luckily, when we skimmed off the
mould and lifted out our weight and
plate, we had beautiful, unspoiled beerbrined kale tops to try.

for the process, its mustardy cruciferous
notes enlivening as it takes on tang of
the lactic acid and the richness of the
beer.
The texture is supple yet crunchy, like
a good kraut. One of its English names,
dinosaur kale, makes even more sense
now, the scale-like pattern of the leaves
glistening in the brine.

The flavour is phenomenal – it fills the
mouth like a good ripe cheese, with that
savoury lacticness we know and love in
kimchi. But the beer adds a whole new
angle to the pickle: deep, barely sweet,
and somehow overwhelmingly umami.
Perhaps the yeast is autolysing or is
being broken down by other enzymes
from the bacteria, adding free amino
acids to the mix. Kale is a great vehicle
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Nuka
December 6, 2012

By Josh Evans
Part sourdough starter, part pickling
machine, nuka is a versatile Japanese
technique for fermenting any and all
sorts of vegetable. Traditionally, the
Japanese mix the rice bran left over
from polished white rice with water and
salt, as well as beer and/or sake, to form
a stiff paste. A new vegetable is pressed
into the paste each day until it tastes
sufficiently sour, at which point the
nuka is ready for full use.
We became interested in nuka from
Sandor Katz’ The Art of Fermentation, and we wanted to explore other
versions beyond rice. We’ve landed on
oat bran as an exciting alternate, for
its sweet and nutty flavour, and a dark
beer for big body (we found ourselves
with plenty of the Herlev Organic Stout,
which we also used for brining). 900g
oat bran, 500g beer, 40g water, and 29g
salt (2%).
We started our nuka with a nub of carrot. We rubbed it with salt to abrade its
skin, then buried it beneath the bran paste and left it for one day covered with a
cloth and tied with string. The next day,
we replaced the carrot with a kale stem,
and the next, a heart of cabbage. Adding
a new vegetable each day contributes
fresh lactobacilli, allowing the nuka to
become fully enculturated and preventing the growth of moulds. After the
third day, our vegetables began to taste
mildly tart, barely softening, springy.
Then we started the full-on pickling machine, packing a 5-litre container with
layers of peeled jerusalem artichokes
and active nuka.
After one day, the sunchokes were
slightly soft and acidic, but we left them
in for a few more days – we were after
the big flavour of furu-zuke, ’old pickles’
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After four days we broke the surface and
hauled one up from its subterranean
home. Almost like digging for potatoes.
And we met a whole new character
– lightly sweet from the oats, full and
deep from the beer, sour and lactic
from the bateria, yielding to the teeth
but with crunch, like marinated daikon
radish. The unmistakeable flavour of the
sunchoke. And a hint of fizz – I wonder
if there might even be some yeasts in
there, from the beer perhaps.
We packed them under vacuum to bring
with us to Terra Madre, to share with
some friends who were exploring

other pickling methods on jerusalem
artichokes.
Next up: nuka’d plums.
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Let The Game Begin
December 11, 2012

By Ben Reade
At Nordic Food Lab we have a constantly
evolving focus. One fundamental idea,
however, is how the study of whole
ingredients comes down to a study of
biology. We analyze the ‘edible biogeography’ (the distribution of edible species within our area) using a systematic
approach to enable us to build a system
of ‘gastronomic taxonomy’, or ingredient
classification. Modeling our outlook on
the phylogenetic trees used by biology
to represent the evolutionary similarity
and difference between species, we can
start to build our own ‘culinary phylogeny’.
While analyzing the edible biogeography one of the first things to become
apparent is the furred and feathered
wild game. These wild animals spend
their time eating so many of the ingredients which are so celebrated by the
gastronomic world, such as mushrooms,
herbs and berries - which all impart
their flavour to the meat. Typically wild
animals live very active lives which gives
the meat unique texture and taste. Getting to know a good hunter could be one
of the most valuable things a chef can
do. As a neophile (someone always searching for new tastes) wild animals offer
a unique opportunity to step away from
the norm and serve something with
genuine character. It may seem ironic
to talk about new tastes when talking
about game - after all, it is the single
most traditional food source on the
planet. In Scandinavia we have fantastic
examples of rock art depicting exactly
this in Alta in northern Norway.
Let us take Roe deer (Capreolus capreolus) as our first example. After being
shot, the gutted animal can then be
hung to develop more flavour. Perhaps
a good rule-of-thumb for how long to

Male mallard duck (Anas platyrhynchos)

hang the deer is this: to find the number
of days to hang, multiply the hanging
temperature by the number of days
until you reach 40 – this will give you an
appropriate length of time. For example,
at 6°c the deer might be left to hang for
around 7 days. The deer should be suspended from its hind legs. Once hung
and skinned, the chef has many options
- but I’d like to talk about how we can
introduce this deer to salt in order to
cure it, thus spurring an intimate relationship between the dead meat and
living microorganisms – representatives
from the transformative branch of our
gastro-taxonomy.
Curing meat is the product of cultures
dealing with the problem of how to
extend the shelf life of meat by making
it inhospitable to pathogenic microbes.
The earliest preservation techniques
would have dried meat using the sun,
wind, rock salt, or salt from partially
reduced seawater as well as ash from
certain salt rich plants. Partially drying
meat allows the survival of only certain
microbes with anti-pathogenic qualities
whereas removing all water makes it
impossible for the survival of all microflora.

In Northern Europe the ancient meat
preservation techniques have used
smoke to create a physical layer on
the salted meat which keeps it from
spoiling. In the photo below is a leg of
roe deer onto which we have put to salt,
making our version of the Norwegian
Fenalår. Though normally the meat used
for this process is lamb, we’ve chosen to
experiment with different meats. Last
year I made two of these ‘hams’ both of
which turned out to be very delicious.
As these were so successful I kept one of
these hams way past its prime in order
to use the molds and lactic acid bacteria
to inoculate this year’s ones. Using
wild bacteria, yeasts and moulds can
be a risky process, but when a successful fermentation occurs, this can and
should be used to inoculate the next
batch. This year’s venison fenalår has
also been smoked (more on this in the
next post) adding an extra dimension to
the flavour - and of course, over the year
of meditation I have had time to adapt
the recipe. Of course as venison lacks the
thick fat of pork, it must have some protection to stop it drying too much over
the year, so after two months of drying
it will be dipped in fat to slow the drying
process, after a further 4 months it will
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· Remove wax, slice thinly and enjoy!
Products that are designed to age for
a long time are traditionally made
during the cold months of November
or December. This allows the drying
process to happen in cool temperatures;
the aging process, a slow enzymatic
process can then occur over the summer
months to then have your cured product
ready to eat thinly sliced the following
winter. Now is the season, get experimenting!

Roe deer legs curing with juniper and salt

be dipped in bee’s wax to completely
halt its dehydration. The recipe for our
fenalår is as follows:
· Rub a well-trimmed and clean roe deer
leg with yogurt whey
· Leave at 5 degrees overnight
· Rub the leg with juniper dust and salt
(around 2% of weight)
· Leave at 2 degrees for 7 days
· Rub the leg with spruce resin tincture
· Hang the leg at 2 degrees for four days
· Place the leg in cold smoker for 4 days
· Remove and hang for two months
· Dip into rendered deer fat
· Leave a further 2 months
· Dip into melted bee’s wax
Male mallard duck (Anas platyrhynchos)
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· Leave a further 2 months

Finally, I have to tell you about a bird
that stole my heart: the beautiful ptarmigan. For those of you who have been
denied the opportunity to work with
this very special bird you should do your
utmost to get your hands on a brace.
The bird comes from the grouse family,
and in its winter plumage, this pure
white bird is one of exceptional natural
beauty. Upon plucking the carcass free
of its white down, I eviscerated the animal. I have to say it was quite a surprise,
for never have I gutted an animal and
found its entrails to smell, well, pleasant.
The insides of this little guy smelled incredible, an evocative terpenous note of
pine and forest started to fill the room.
After a quick investigation I found that it
had been eating only crowberry foliage
and it was this which had imparted
its incredible flavour to the bird. I have
never in many years working with food
found such a clear example of how the
feed of an animal can effect its flavour.
When cooking ptarmigan, treat it like
grouse, and cook it gently. High heat will
destroy it. Don’t worry too much about
the colour on the outside and take the
cookedness of the flesh into primary
consideration. To preserve the fantastic
aroma, I suggest cooking the crown
sous-vide at 62°C until warmed through,
followed by a flash in a medium hot pan
with plenty of basting with butter. This
is a spectacular bird, and the eating only
enhances the awe of the raw product.
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How to shuck bee larvae
December 17, 2012

By Josh Evans
In our last post on experimenting with
bee larvae, we mentioned the challenge
of how best to separate the larvae and
pupae from the wax and honey residue
that clings to their bodies. It is a timeconsuming and tedious task, and we
have been trying to find a way to separate the bees from the chaff efficiently,
cleanly, and with high accuracy.
After trying out different techniques, we
realised we needed to bring in the big
guns.

LN2 at 77 K / -196˚c

Liquid nitrogen is so far the best method we’ve found. We drop a handful of
larvae/pupae/mature drones/wax/honey – a complicated mixture – into the
LIN, where everything freezes on contact
with the roiling, smoking liquid. After
fishing everything out with a strainer,
simply rubbing the solidified bees between the hands quickly removes all wax
and honey while keeping the bees intact
– leaving clean, white larvae, pupae, and
drones, which are then easy to separate
and store.
Thank you science. Now we can blast
through the prep and get on with the
experimenting.
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The real reason we remove drone brood
December 20, 2012

By Josh Evans
I recently met with an entomologist at
Copenhagen University who specialises
in apiculture and bee pathology, and
it turns out that the reason beekeepers remove some of the drone brood
early on in the season is not to enhance
honey harvest (as I naïvely thought) but
rather as a strategy to regulate the Varroa mite population in a hive. The larvae
are an easy target for the mite, and the
drones in particular attract the highest
concentration of mites because of their
extended developmental period, staying
in the larval stage for a few days longer
than worker bees. Once the queen lays
the eggs in the comb, the individual
hexagonal cells are sealed with wax
until the larvae pupate and hatch – but
not before the mites find their way into
the cells too. Since the drones attract
the greatest number of mites, beekeepers use drone brood as a sort of decoy,
drawing the mites into the cells then
removing the brood to keep overall mite
levels low – they remove about one third
of a hive frame per week during the
season. This technique, called the ’safe

strategy’, was devised by the Danish
Beekeeping Association (Danmarks
Biavlerforening) as a way to contain
Varroa mite populations without using
chemical pesticides.
The mite harms the bee by biting holes
in the bee’s tissue which cannot heal,
opening their circulatory system to the
environment. It then serves as a vector
for viruses to attack the weakened bee.
So why do we eat the drone brood if

it’s covered with Varroa mite? In fact,
the mite itself poses no threat to other
organisms. The drones would almost
all die anyway, so we are in some sense
helping our apian friends by consuming the most serious threat to their
population.
Thanks to Annette Bruun Jensen for the
information. The story keeps getting
better.

A Yule Feast
December 24, 2012
By Josh Evans
The holidays drew near and with them
came the need to give the lab a deep
clean before the break. And the best way
we know to clear out the fridges and
freezer is to cook.
It is common in Denmark to have a
julefrokost at one’s workplace – a ’Christmas lunch’ with food, drink, and good
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company that starts in the afternoon
and often goes into the night. An NFL
Julefrokost would be the perfect way
to put our leftover ingredients and experiments to good use: by turning them
into dishes. And it would give us the
welcome opportunity to celebrate the
season together and the end of these
past few months’ good work.
Best of all, it gave us the chance to

spend a good few days just cooking with
and for each other.
We cooked together all afternoon, sat
down and ate together all evening. A relaxed, family-style meal with colleagues
to welcome in the holidays.
A big thank you to Chris Tonnesen for
the photography.
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Julius, a masters student in Gastronomy
and Health from Copenhagen University,
has been working on smoking. He built a
smoker out of an old closet and has been
churning out a steady stream of duck,
goose, venison, pig, and all manner of flesh
and organ meats. He made us an appetiser
– a reinterpretation, in crostini form, of
liver and onions. Pâté of duck liver and
heart and smoked garlic, onion jam with
rhubarb vinegar and beet juice, smoked
white onion and thyme.
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Emil took care of the veggies. A chef de partie at noma, he was with us at the lab for the past month before he heads off to Tokyo for a
stint at Ryugin. Turnips cooked slowly in butter, carrots, brussels sprouts, pearl onions, with lots of fresh parsley. Sunchokes, given the
same treatment, with black garlic and lemon thyme.
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Nurdin was also with us for the past
month, he is an r&d chef with Raymond
Blanc in London, a student of nutrition,
and a supper club leader. He created a
beet raviolo stuffed with broccoli purée
and quail’s egg yolk, with blanched broccoli, toasted hazelnuts, shaved celery and
hare consommé.

Made a dish of brined wild apples, green
elderberry capers, and tarragon oil – the
result of a few experiments with lacto-fermentation. It had quite a strong flavour on
its own but worked well with the meats.
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Ben was the mind behind the meat.

Venison rack roasted in an herb crumb;
roasted reindeer marrow with angelica
seeds, freeze-dried raspberries, and lemon
thyme; fondant potatoes, and walnut
cream.
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And the unequivocal centrepiece of the
meal, our take on the infamous turducken:
a goose stuffed with a ptarmigan stuffed
with a whole quince. Served with kale
purée, lacto-fermented lingonberries, and
a jus made from eleven different wild
beasts. Its colours were very festive, and
its splendour undeniably medieval. Could
it be a Goosiguince? We have yet to settle
on a name.

Frozen pumpkin seed pudding, dehydrated
pumpkin, and thyme dust.
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Skyr mousse and verbena kombucha granité. Jonas is working on kombuchas and this was the perfect outlet for the verbena, a particularly successful trial. He included some of our bee larvae granola for colour and texture. It was good, but we decided to make another
without it, to focus on the stark whiteness of the creamy skyr and frozen kombucha, the contrast in mouthfeel as they melted together.

And a beaker of Kenyan coffee before the final clean.
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Happy Holidays from Nordic Food Lab.

Under the sea
January 10, 2013
By Ben Reade
What about the oceans? About 2/3 of
the surface of the planet is salt water,
and the diversity of edible species
waiting to be discovered or rediscovered
is enormous. During the last month or
so Nordic Food Lab had the opportunity
to explore the delights of the salt water
world, working with fishermen and suppliers to help them promote the best,
which is often not the most obvious.
So from collecting periwinkles and limpets (perhaps the abalone of the north)
along rocky shorelines, to hand-dived
arctic urchins and Faroese langoustine
we are presented with a host of luxury
ingredients. These are very difficult to
improve upon through processing, and
more often than not are best served raw
or almost raw very simply to allow the
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true character of the ingredient to shine
through.
A north Atlantic delicacy, langoustine is
a sweet and delicious treasure when it
is in premium quality but can easily arrive to chefs long dead and far too long
frozen. The small archipelago of the Faroe Islands, halfway between Northern
Scotland and Iceland is perhaps the
home of the world’s biggest and best
langoustine. Peeled raw from a living
specimen provides what must be some
of the sweetest sashimi it’s possible
to eat. It’s only really possible to peel
them raw if they are still alive, otherwise
a quick dip into boiling water will be
necessary to bring the membrane away
from the meat making peeling possible.
Here we have served the tails blanched
for 15 seconds with oyster and tarragon
emulsions and chive sprouts.

Famously known as ’uni’ in Japanese, sea
urchins are delicious and also very interesting from a pharmacological point of
view – Many species of urchin contain
the cannabinoid Anandamide which has
been shown to produce feeling of both
bliss and hunger: could urchins be a
perfect start to a winter meal?
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Searching for new or unusual things to
eat is a favourite pastime of ours and
enjoying our urchins so much we had to
wonder what else might be there in the
same family. Urchins are Echinoderms,
a phylum of species which includes sea
cucumbers and starfish. Sea cucumbers
are harvested for food in pretty large
numbers especially in Southeast Asia
where they are considered a delicacy – although one must be careful to
prepare them properly not to ingest the
poisonous parts. We got pretty excited
about working with starfish. Again,
starfish are eaten – but the only record I
can find is in China and it appears they
have more novelty value, being sold
in markets alongside fried scorpions
and other such oddities. However, do
starfish offer another abundant source
of good food? In our preliminary trials
we found that both the gonads (in
tweezers in the photo below) and the
digestive apparatus of various different
species can be eaten, and some species
seem to taste better than others. We’ve
now boiled, dried whole, dried separate
organs, roasted, fried and eaten raw
a number of different species and we
will be continuing this investigation
throughout the year to see how these
various species change through the
seasons. Bear in mind, many species in
the Echinoderm phylum contain toxins
which can be fatal - take your time, and
do your research properly before you put
anything in your mouth!
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’Nordic Food Culture’ in Anthropology of
Food
January 14, 2013
Mark’s masters thesis, (see page 91) entitled ’Creating Terroir - an Anthropological Perspective on New Nordic Cuisine
as an Expression of Nordic Identity’, was
accepted for publication to the journal
Anthropology of Food as part of a special issue on ’Nordic Food Culture’.

In addition to Mark’s thesis, AoFood
requested a shorter piece on Nordic
Food Lab, exploring our ethos, methodology, and research interests. We had Josh
write this piece: https://journals.openedition.org/aof/7262 as an overview of
where we’ve come these past few years

and where we hope to go.

By Josh Evans

The Gulf Stream warms the climate
from the south-west, with alternating
winds coming in occasionally from Norway. This creates climactic conditions
very particular to the islands: consistent
winds across cool summers and mild
winters readily air-cure any foods left to
hang. Fish and sheep are the most traditional. There is a concept called ræst,
a specifically Faroese understanding of
fermented flavour – the flesh is dried by
the winds as it ferments, creating layers
of flavour both mellow and deep.

Check out both and the rest of the issue
at Anthropology of Food online: https://
journals.openedition.org/aof/6950.

Waxed legs
January 21, 2013

In November I traveled to the Faroe
Islands, a remote archipelago north of
Scotland, west of Norway, and southeast of Iceland. It has a tumultuous
history, occupied, subordinated; and,
though now part of the Danish kingdom, this place is a world apart from
Denmark.
These islands seem desolate, barren – a
cluster of rocks sticking up out of the
sea. But they hold a richness, and a
Faroese will tell you so.
The islands are wet. Waterfalls spring
from nowhere along every ridge. All
roads defer to these older, shifting veins.
The mountains are abrupt and ribbed,
covered in grass and moss and water
underfoot and scree in some of the
higher valleys. It is a heath that baptises
every step.
The waters around the islands hold
some of the best fish and seafood in the
world. The langoustines are renowned.
My host’s father runs a scallop fishery –
bay scallops of a disarming suppleness,
a taste sweet and clean.

SIDE 132 | NORDIC FOOD LAB |

The fish – ræstur fiskur – is often hung
on racks exposed to the elements, while
the sheep – ræstkjøt or, specifically, skerpekjøt – is more often hung in wooden
huts called hjallur, with small gaps
between the slats to allow the winds to
pass through and dry the meat.
My host’s brother gave me a hare he had
hunted on the heath. Since November,
we have been aging the legs according to the method we developed for
venison, to see how it would work with
a smaller beast.
These hare legs would provide a good
opportunity to test a technique we
thought of since the original recipe:
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coating them in wax to both slow the
fermentation and keep in the remaining
moisture.
Certain traditional aged hams, like Prosciutto di Parma, use a similar technique
to seal up the open flesh where the leg
was separated from the body. They use
rendered pork fat. We had no rendered
hare fat, so instead we used beeswax
from our friends at Bybi.
One leg we rubbed with honey; the
other, we left bare. After basting both
with the molten wax, we hung them
to harden fully. We are interested to
see how the honey will not only add
sweetness but change the texture, remoistening the meat and softening the
outermost layer.
We made a quick balm with the rest of
the melted wax. Nothing like beeswax
to keep the brisk winter at bay.

One of the most divine smells. The lab was enveloped as it melted in the pan.
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How to build a cold smoker
January 23, 2013

By Julius Schneider
Smoking meat is one of the oldest
methods of preserving meat, but besides this it produces delicious, complex
flavours in meat and other foods. What
could be better than building your own
smoker and having endless possibilities
to play with. To build one is not too complicated when you have the right tools.
Here’s how you can do it:
First thing you need is an accessible box
made out of wood or metal, but wood
is easier to work with and safe to use as
well since it’s going to be a cold smoker
and temperatures should never exceed
25°C. I found an old wardrobe in a used
furniture store. It was a perfect fit since
it already had a rack to hang things on
and shelves to place smaller things as
well. Once you found the perfect size
for your homemade smoker you’ll need
a few more features to make it ready to
use.
The first thing to do is to create a
constant airflow. Start by drilling holes
in a line close to the bottom where the
smoldering will be, to ensure a constant
supply of air.
The outgoing air at the top goes
through a chimney, which should be at
least 80cm high to ensure the chimney effect occurs. If the chimney is not
completely open, a ”dirty” taste may
appear, as we experienced on some
cold-smoked salmon. Keep the chimney
open, regulate the incoming air, and
make sure rain cannot enter through
the chimney into your smoker. Condensation will accumulate at the chimney
inside the chamber, so you need to find
a way to install a small box with sand
or cardboard beneath the chimney to
collect the dripping water.
To make your smoker smoke, you’ll need
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a place for fire, which is in this case a
smouldering source of heat. An important thing to do is to make your smoker
fire-safe if it’s made of wood. We covered
the bottom of the cabinet with a metal
plate to protect it from the glowing
wood dust. The place where the wood
dust smoulders is called a cold smoke
generator, and it needs to be in a shape
that allows the fire to smolder as long
as possible. We used a perforated metal
plate and formed it into a u-shape (see
picture). Fill the whole “U” with smoke
dust, compress it slightly and start burning the wood from one of the sides to
facilitate smoldering as long as possible
from one end to the other. Our smoke
generator has an length of about 200cm
and will burn for around 32h. To start
smouldering, we use a blowtorch and

hold it up to one minute to ignite the
wood at one end. Once the smouldering
starts, get your meat and vegetables and
start smoking.

Smoking Meat
January 25, 2013
By Julius Schneider
Once our cold smoker was ready we
started putting in all sorts of meat
to smoke. We started with some wild
pigeons and wild ducks that we had
around the lab.
The pigeon breasts were cured for two
days in vacuum bags, with a range of
different aromatics: black garlic skin,
malt extract, freeze-dried blueberries,
yoghurt, salted walnut paste – though
birch sirup and a spice mix made out of
juniper and coriander seeds turned out
to be most flavorful.
The breasts were smoked for two days
in the cold smoker and rested afterwards for one day in a 6°C fridge.Non
porae venti dolora di im soluptius.
Olupta consectate odi od quam ea duntur re nostis andaere.
Here are the recipes for the two best
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outcomes:
· 15g juniper/coriander mix + 12g salt
· 20g birch sirup + 10 g salt
· Rub each breast on the bone with the
mix, and vacuum-pack. Cure for two
days then put in the smoker for two
days. We didn’t wash off any of the
curing before smoking. After two days
the breasts should aerate in a cool, dry
place. Debone it and slice it thinly.
Delicious!
The duck breasts turned out best when
dry-cured for two days and smoked for
the same length of time. All of them had
a basic mix of 2% salt and 1% sugar. The
most flavorful were the ones cured with
fennel seeds and dried, powdered trompettes. We let them rest as well for one
day in the fridge at 6°C before slicing
them up thinly.
What turned out to be a real delicacy
was the hot-smoked bacon. Try to get a
big piece of pork belly (we did 2kg pieces) with skin on. The recipe we adapted
is from the highly recommendable book
’Charcuterie: The Craft of Salting, Smoking, and Curing’ written by Ruhlman
and Polcyn.
The recipe we made adds cold-smoked
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garlic and bay leaves. If you have a cold
smoker, you can make your own coldsmoked garlic, but if not just use regular
garlic.
50g salt, 50g sugar, 12g pink salt, 4 bay
leaves, 3 garlic cloves, for a 2kg piece of
pork belly
Slice garlic and mix with the rest of the
ingredients. Rub all over the belly, then
pack it in a plastic bag and seal. We
didn’t vacuum it since the belly should
be in its own brine after a while. Cure
the meat for seven days, turning it each
day to ensure even salt distribution.
After seven days, wash off the cure, pat
dry and put it in the fridge uncovered
overnight.
For hot-smoking, heat the charcoals

until white-hot and don’t forget to soak
your wood chips in water for 30 minutes
before using them. Once the charcoal is
hot, hang the meat in the smoker and
put the soaked wood chips on top of the
charcoal. The smoking took one hour
but this might differ depending on your
smoker. We took the bacon out when
the core temperature reached 65°C. Let
it cool down slightly and remove the
skin.
Eat it luke warm, which is amazing, or
let it cool, pack it airtight and slice it
when you have the craving for such a
delicacy. 4kg of bacon lasted one day in
the lab.
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Kombucha: a tasty Symbiotic Culture of
Bacteria and Yeasts
February 7, 2013
By Jonas Astrup Pedersen
Kombucha, also known as Kargasok Tea,
Tea Fungus, Haipao and Manchurian
Mushroom, is a fermented beverage
dating back several thousand years in
the East. More recently, it has become
popular in the West, specifically in ‘New
Age’ circles (Battikh et al., 2012; Jarrell
et al., 2000; Greenwalt et al., 2000). Tea
fungus initially originated in China in
220 BCE during the Tsin Dynasty and
prized as the ‘Divine Che’. The name
‘Kombucha’ seems associated with Doctor Kombu, who is said to have brought
the ’tea fungus’ from Korea to Japan in
414 CE (Dufresne and Farnworth, 2000).

Increasing interest in Kombucha
products is linked to their supposed
therapeutic benefits, ranging from
curing cancer and AIDS to enhancing
weight loss, as well as demonstrating
interesting sensory properties (Dufresne
and Farnworth, 2000; Teoh et al., 2004).
Although several of these claims are
not proven, Kombucha beverages exerts
antimicrobial activity against Salmonella typhimurium, Staphylococcus
aureus, Helicobacter pylori, (Greenwalt
et al., 1998), Shigella sonnei, Salmonella
enteritidis and Escherichia coli (Greenwalt et al., 1998; Sreeramulu et al., 2001).
Furthermore, Kombucha tea ingestion
by mice contributed significantly to

both life elongation and weight gain
inhibition (Hartmann et al., 2000).
The beverage is typically made with
black tea, sweetened with 5 to 15% of
sucrose, and set to ferment at room
temperatures for 10-12 days with a
culture popularly known as a ‘tea fungus’, Medusomyces gisevii (Anken and
Kappel, 1992; Jayabalan et al., 2010). Inoculation of new batches uses about 10%
of Kombucha from a previous batch. The
brewing vessel is covered with a clean
cotton cloth to keep out debris while allowing aeration (Greenwalt et al., 2000).
A schematic description of Kombucha
production is seen in Figure 1.

Figure 1: Schematic overview of producing Kombucha

Kombucha is the expression of a symbiotic growth of bacteria such as Acetobacter xylinum, A. xylinoides, A. aceti,
A. pasteurianus, Bacterium gluconicum
(Sreeramulu et al., 2000; Dufresne
and Farnworth, 2000) and yeasts like
Schizosaccharomyces pombe, Kloeckera
apiculata, Saccharomycodes ludwigii,
Saccharomyces cerevisiae, Zygosaccharomyces bailii, Brettanomyces bruxellensis, B. lambicus, B. custersii and Pichia
species (Dufresne and Farnworth, 2000).
Though the fungus-like cellulosic matrix
produced by especially Acetobacter xyli-

num might look like a fungus (Mo et al.,
2008), ‘tea fungus’ is rather misleading
since the ‘tea fungus’ is in fact only a
physical manifestation of the yeast and
bacteria symbiosis (Sreeramulu et al.,
2000). The floating jelly-like membrane,
called a zoogleal mat, is where the cell
mass of the bacteria and yeasts are
attached (Jayabalan et al., 2010). The
cellulose is a secondary metabolite of
the fermentation, similar in structure
to a ‘mother of vinegar’ (Jayabalan et
al., 2010). Within the cellulose network,
investigations have shown the Kom-

bucha colony to be arranged in bands
and layers (Anken and Kappel, 1992), see
Picture 4. The composition and exact
diversity of the microbiological presence
depends on the source of the Kombucha
culture (Sreeramulu et al., 2000).
As yeast cells hydrolyze sucrose into
glucose and fructose, producing ethanol
and carbon dioxide as metabolites, acetic acid bacteria converts glucose into
gluconic acid and fructose into acetic
acid (Reiss, 1994; Loncar et al., 2006).
The primary metabolites of ethanol and
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acetic acid behave as catalyzing agents;
yeast are stimulated to produce ethanol
by acetic acid, whereas ethanol stimulates the growth of acetic acid bacteria
and their production of acetic acid (Liu
et al., 1996). Fructose is utilized to a
lesser degree and remains part of the
fermented liquid (Greenwalt et al., 1998).
The synthesis of complex B vitamins
and folic acids has also been reported
during the fermentation process (BauerPetrovska and Petrushevska-Tozi, 2000).
Additionally, the organic acids produced
throughout the fermentation and the
corresponding decrease in pH value
prevent the symbiotic culture from
becoming contaminated by undesirable
microorganisms not contained in the
tea fungus (Greenwalt et al., 1998; Mo et

al., 2008).

Experiments

The properties and composition of the
final product depends on the initial
substrates, to geographical and climatic
conditions, as well as the locally-specific
types of wild yeast and bacteria present
(Bauer-Petrovska and Petrushevska-Tozi,
2000). To obtain beneficial attributes
and antimicrobial activity against a
range of pathogenic bacteria, Greenwalt
et al. (1998) recommends consumption
of Kombucha containing 33 g/L total
acids, 7 g/L acetic acid. Usually, the pH
of a fermented Kombucha is around 2.5,
regarded by the food industry as a highacid food since a pH of 4.0 prevents
growth of most organisms linked with
spoilage (Greenwalt et al., 2000).

Herbs or wood and boiling water (1 L
each) were added to separate containers, closed with a lid and left to infuse
at room temperature with different
infusing times for optimal flavour
intensity. These included dried yarrow
flowers (1% w/v, 10 min.), juniper wood
(5% w/v, 1 hour), dried chamomile (1%
w/v, 10 min.), dried lemon verbena (1%
w/v, 10 min.), dried woodruff (1% w/v, 10
min.) and dried cèpes (5% w/v, 12 hour).
Dried kelp (2.3% w/v, 1 hour) was sealed
in a vacuum bag and treated sous vide
at 60 °C. To all solutions were added 50
g of sucrose.

Picture 1-3: herbs, cepes and wood extraction (top); straining tea (bottom left); inoculated yarrow flower tea (bottom right).
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The Kombucha mothers were carefully
cut into approximately equal sizes and
added to the teas. Additionally, 100 mL
(10% v/v) of the liquid medium (tea
kvass) were also added. Containers were
covered with a cloth and set into a closed cabinet at an ambient temperature
of approximately 21 ± 2 °C.
Based on sensory evaluation among
employees at Nordic Food Lab (NFL)

during the period of fermentation and
at day 12, lemon verbena (Aloysia triphylla) was selected as a basis for further
elaboration. The absence of data for
cepe and carrot is due to loss of samples
to mold, most likely because of too high
initial pH.
To produce sufficient quantity of the
lemon verbena Kombucha for further
investigation, a batch of 17 L of tea was

brewed: dried lemon verbena (1% w/v,
10 min.) was steeped in boiling water,
to which was added 50 g of sucrose
per liter. The batch was inoculated with
tea kvass (0.95 mL) from the previous
batch. The container was put into an
incubator-box to control fermentation
temperatures, which measured in the
range of 27 ± 2 °C.

Table 1: pH of the different infusions at initial stage and after 12 days of fermentation

Lemon verbena Kombucha
The herb mentioned as lemon verbena
(Aloysia triphylla (L’Hérit.) Britt. Syn. Lippia citriodora) belongs to the family of
Verbenáeae (in Danish: jernurt-familien)
(Vogel et al., 1999). It is well known for
the pleasant odour of its leaves, comparable to that of a lemon. Responsible for
its aromatic properties are essential oils
found in concentrations of 0.4% (Montes et al., 1973) to 1.2% (Vogel et al., 1999).
Its pronounced lemon-like odour is due
to the chemical compound citral found
in concentration of lemon verbena oils
between 11% and 54% (Montes et al.,
1973; Vogel et al., 1999).
Lemon verbena, also called cedrón in
its countries of origin, is a shrub native

to Peru, Chile and Argentina where it is
cultivated for domestic consumption
as an herb tea (Vogel et al., 1999). It
was brought to Europe during the 18th
century and grown as potted plants
due to its high sensitivity to cold (Vogel
et al., 1999). Despite its origin in South
America, lemon verbena has caught the
attention of chefs and is now found in
many Nordic kitchens and dishes.
In cooking circles, an often-heard misunderstanding of its name is the simple
use of (in Danish) jernurt. Jernurt refers
merely to the family Verbenáeae, which
contains some 25-34 genera and 5001200 species comprising a great variety
of small trees, lianas, shrubs and herbs
(Yuan et al., 2010).

In an attempt to speed up the fermentation process, aeration was tested on
four brews. An aquarium pump (AM-TOP
model CR10) was connected to the containers during the entire fermentation
process. Different kinds of sugar, either
’alone’ or in combination, were tested
as different energy sources for the yeast
and bacteria. This was done with the
purpose of observing and detect possible variation in sensory qualities and pH
of end products. Teas were prepared as
in the preliminary trials: herb extraction
(1% w/v, 10 min.), added sugar (5% w/v)
and finally inoculation with tea kvass
(10% v/v) at 21 ± 2 °C, see Table 2 and
Table 3. Where fructose is stated, Danish
honey from Søborg was used.

Table 2: pH of different infusions at initial stage and after 7 days of fermentation
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Table 3: pH of different infusions at initial stage and after 7 days of fermentation

Results
With the aerated batches, enhancing
the fermentation speed did not seem
to succeed in favouring the acetic acid
bacteria. Of the four batches, none were
as balanced, as complex in flavor, or as
refreshing as Kombucha can be. Although Kombucha is acidic, this tartness
was not satisfying when complementary aroma was absent or expressed in a
flat manner.
Testing different sugars revealed great
difference in end product. Some Kombuchas turned out almost vinegar-like
and not appropriate for a soft drink,
though these could have interesting
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applications for culinary exploration
and use. By far the most aromatic and
interesting Kombucha developed in this
experiment, contained sucrose as the
sugar substrate. It expressed herby notes as well as an interesting ginger-like
association, well balanced, pleasantly
acidic and complex.

served ice-cold. This encourages further
investigation into continuous fermentations with e.g. higher levels of inoculum
to amount of sweetened tea, as well as
second fermentations in terms of added
juice or other flavourfull sugar containing liquids, is a path believed worth
investigating. KOMBOOOUCHA!

Alongside these small-batch trials, a
continuous batch has served as staff
Kombucha. Sweetened lemon verbena
tea has been added, throughout the
project, to a large vessel used during the
process, while Kombucha has been tapped and enjoyed. The Kombucha turned
out very tasty in expression: fizzy, refreshing, and especially delicious when
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Bushifying away the Boar Taint
February 13, 2013
By Anne Overmark
For the past two months or so I have
had the pleasure of playing around with
some pork of shady character, a Weber
hot smoking grill and some (hopefully)
potent microorganisms. My intention
with all this? To make a delicious product out of an ingredient many consider
repulsively flawed – boar-tainted meat.

It began with the prospect of a voluntary ban on castration of male piglets
within the European Union in the year
2018. Castration is a practice primarily
performed to prevent boar taint, the
unpleasant odour and flavour that
may occur in meat from uncastrated
males (Lunde et al. 2013), and which is
commonly believed to be caused by the
two compounds skatole (3-methylindole) and androstenone (5a-androst-

16-en-3-on) (Stolzenbach et al. 2009).
However, due to animal welfare issues,
this practice is expected to be voluntarily abandoned (Lunde et al 2013 and
Font-i-Furnols 2012), which could well
lead to an increase in boar-tainted meat
that has limited use. There is a resulting
interest shared by industry and the consumer to compensate for the off-odours
and off-flavours caused by skatole
and androstenone and to improve the
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sensory acceptability of products made
of meat from uncastrated male pigs. According to Luckow et al. (2006) masking
is one technique that has been used to
reduce the perception of aversive odours
and flavours in foods through the addition of different flavour compounds to
different cuts of pork containing various
amounts of skatole (Lunde et al. 2008
; Stolzenbach et al. 2009 ; Lunde et al.
2013). Nordic Food Lab has undertaken
some previous experiments in applying
processing methods similar to those
used in the production of Katsuobushi
to pork. Inspired by this work I will investigate how cooking, drying, smoking,
and fermenting will affect the flavour
and odour of boar-tainted meat.
Traditionally Katsuobushi, a dried fermented product, is processed from bonito/skipjack tuna (Katsuwonus; Katsuo
in Japanese), the processing of which
dates back to the Edo period (1603-1868)
(Fujita 2009). Today Katsuobushi is
processed in two Japanese coastal cities,
Tosa and Makurazaki, in which around
70 small family businesses process the
fresh bonito into Katsuobushi (Mou-

ritzen and Styrbæk 2011). Katsoubushi
is divided into two main categories:
Arebushi which is not fermented and
Karebushi which is (Mouritzen and Styrbæk 2011). The bonito goes through four
steps – cutting, cooking, smoking and
drying/fermenting – before it becomes
Kastuobushi (McGee 2004, Mouritzen
and Styrbæk 2011). At first the bonito is
cut into two filets, which are simmered
in salted 90°C water for about one hour.
After cooking the bones and skin are
removed. The filets are then smoked in
a hot smoker for at least 6 hours for 14
consecutive days, resulting in a product
called Arabushi which contains 40%
of the original water content and is
covered by a tarlike layer (Mouritzen and
Styrbæk 2011). Arabushi is used in foods
but the filets can also be further processed into the finer and more palatable
Karebushi. In the further processing of
Karebushi, the tarlike layer is removed
and the filets are left to dry in the sun
for a few days. To remove even more of
the remaining moisture the filets are
inoculated with different moulds. The
literature is not consistent with regard
to exactly which ones, but the species
Aspergillus glaucus, Aspergillus melleus,
Aspergillus repens, Aspergillus candidus
and Pencillium glaucum are all mentioned (Mouritzen and Styrbæk 2011, Hesseltine 1983, Nout 2007), with Aspergillus glaucus mentioned most often. The
inoculated filets are placed in a room in
which they undergo fermentation for
about two weeks (McGee 2004). After
two weeks the fish is brought out to
dry in the sun for a day or two and the
mould is scraped off. This moulding and
drying process is repeated several times,
and at the end of the processing, which
lasts three to five months, the meat
will, when struck, “sound like a resonant
piece of wood” (McGee 2004).
I started out with 9 pork filets (Longissimus dorsi). Three came from the meat
supplier, so it did not contain skatole or
androstenone above the threshold values (in pure solutions, .20-.25ppm and
.5-1.0ppm respectively (Tørngren 2010))
and the remaining six were selected
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at the slaughterhouse in Ringsted. The
skatole levels (ppm) in the final six were:
.34, .34, .37, .50, .52 and .58 (measured in
the back fat of the carcass). The filets
were stuffed into nets (like those used
for hams) then steamed at 100°C until a
core temperature of 70°C was reached.
The filets were then left to dry before
they were hot-smoked with wood chips
made of apple, mesquite and hickory
wood for 4 hours. The smoking was
repeated the following day before the
filets were left in a cold and dry place for
three days. The initial processing steps
took place at Nordic Food Lab, while the
fermentation and final drying stages are
being carried out in a climate-controlled
chamber at the Danish Meat Research
Institute (DMRI) in Roskilde. As previously mentioned mostly Aspergillus species
are used in the traditional processing of
Katsuobushi, but due to the constraints
of EU food safety regulation the filets
were inoculated with Pencillium nalgiovense strains, which are approved to be
used on meat intended for consumption. Three packages of freeze-dried
spores were supplied by Chr. Hansen
and Danisco. The strains are probably
very similar with regard to how they will
affect the flavour and odour; however
I decided to try out all three packages
and inoculated three filets with each different strain. The spore solutions were
prepared according to the instructions
on the packages. I made 1L of each in
sterile plastic bags and bathed the filets
in their respective inocula. One day prior
to inoculation the climate chamber
was set to have a relative humidity (RH)
of 95%, a temperature of 22°C and an
air flow of 25% of maximum (It is very
important that the spores get optimal
conditions, to ensure a fast onset of the
fermentation). After inoculation the
filets were hung with space between
them in the climate-controlled chamber
for four days, and when I opened the
door after the weekend, a nice white layer had covered them completely. Three
of the filets had more fuzz compared to
the others, but it was likely a characteristic specific to one strain.
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The processing of the boar-tainted meat
is at the time of writing in its final, but
most time-consuming, step: the drying
process. I have lowered the relative
humidity by 10% per week, and it is now
down to 75%. The temperature is lowered to 15°C and I plan to keep it there
until it is finished. I have weighed the
meat before and after each processing
step, to be able to calculate the moisture
loss and predict the risk of potential
growth of contaminating pathogenic
microorganisms, and I certainly hope
it is safe to eat as I am very excited to
taste the bushi in about a month.
To be continued when new data becomes available.
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Black Garlic
February 27, 2013

The cloves start hard, raw, pungent,
white, then transform completely –
soft, bold, and black, aromatic but not
aggressive, like a sort of fruit with beautiful round acidity, notes of balsamic
vinegar, molasses, liquorice, tamarind.
The basic technique is simple – place
whole heads in a sealed container and
keep at 60˚c for six weeks. One can keep
them in for longer and they will mature
further, but may also begin to dry out.
What is interesting is that the process is
not, strictly speaking, fermentative – the
transformation is due not to microbial
metabolism but in part to enzymatic breakdown (the heat denatures
alliinase, the enzyme that converts
non-volatile alliin into volatile allicin,
the compound responsible for fresh
garlic’s pungency) and in part to the
Maillard Reaction, a cascade of chemical
reactions that produce the dark colour
and complex, carmelised flavour.[i] The
sulfurous compounds may also contribute to its anti-microbial properties in
its blackened form.
Foods like this invite a larger discussion
about the different degrees of ’fermentation’ as a category. A biochemist might
stick to the purest technical definition
of the anaerobic conversion of glucose into ethanol and carbon dioxide
(C6H12O6 -> 2 C2H5OH + 2 CO2), while
on the other end of the spectrum, a
common understanding of fermentation might also include transformations
due solely to chemical and enzymatic
activity, even though they look, smell,
and taste ’fermented’ – like black garlic.
We and others sit somewhere in the
middle, understanding fermentation in
the practicable sense as any interaction
with microorganisms – bacteria, yeasts,
and other fungi – with the purpose of
transforming foods.

process, the best results lie in obsessing over the details: here, controlling
variations in temperature and humidity
over time. We are continuing to tweak
to discover the best possible product.

The principle may be simple, but like any

In addition to the garlic, we have been
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experimenting with other alliaceous
bulbs. Onions, shallots, it works with
them all. Shallots reveal their latent
fragrant sweetness; onions intensify
into bombs of savouriness; all become
tinged with this dark, tart depth.
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These larger bulbs work especially well
in broths, a particularly effective way to
make a rich, full, dark stock. It also works
well in broths with umami-bringing ingredients, like dried aged seaweeds and
cured aged meats. And it is satisfying
and dramatic with any fermented dairy
product – creamy and fleshy, lactic and

fruity, white and black.

References

Some of the cloves we dried and ground
to a powder, adding them to salad
dressings, sauces, and sprinkled on any
number of things. The softer ones we
passed through a sieve and pulled into
a paste.

[i] Wang, Danan et al. Black Garlic (Allium sativum) Extracts Enhance the Immune System. Medicinal and Aromatic
Plant Science and Biotechnology. 4 (1),
37-40. Global Science Books 2010.

On Lactic Acid Fermentation. A podcast.
May 7, 2013
Beginning in January 2013, Noma stagiaires are invited to take part in monthly
talks by the Nordic Food Lab team. The
idea is to create a space where those
interested can broaden their knowledge
of relevant concepts and techniques.

This podcast contains a condensed
version of one talk given by Ben on
Lactic Acid Fermentation. This topic is
extremely complex, much more so than
we could ever explain in a few minutes
–nevertheless it’s a start.

We would appreciate to hear your
thoughts on the podcast.

Food Lab’s development of Western
insect gastronomy

research into insect gastronomy. While
other researchers are focussing on
environmental and nutritional benefits
of entomophagy, Nordic Food Lab is
working to make insects delicious to the
Western palate and thus bring them

Was it useful? Understandable?

Big News
May 15, 2013
Our official press release:

Major funding awarded for edible
insect research in Denmark
Velux Foundation to support Nordic

COPENHAGEN – May 16, 2013 – Nordic
Food Lab and University of Copenhagen
have received funding to expand their
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into its culinary culture.
The project is funded by The Velux
Foundation’s program for environment
and sustainability. The Foundation has
granted 3.6 million Danish Kroner for

the project entitled ‘Discerning Taste:
Deliciousness as an Argument for Entomophagy’.
Nordic Food Lab has formed an international advisory board for the project,

bringing together experts in entomology, gastronomy, psychology, and
sustainable food systems from around
the world. The board includes:

Alex Atala, Head Chef and owner of Restaurant D.O.M. in São Paulo, Brazil

Paul Rozin PhD, Professor of Psychology at
the University of Pennsylvania

Mark Bomford MSc, Director of the Yale
Sustainable Food Project at Yale University

Alex founded D.O.M. in 1999 to rediscover
the diverse flavours and culinary heritage
of Brazilian gastronomy and to preserve
it through contemporary reinterpretation.
Insects are some of the many ingredients
he celebrates for their unique flavours and
applications in the kitchen. His restaurant
has been widely recognised as one of the
best in the world, and his skills and knowledge about eating insects will amplify our
gastronomic research.

For decades, Paul has been a leading
researcher into the nature and origins of
food preferences and the psychology of
disgust. He will advise on experimental
design and suggest strategies for sidestepping disgust responses to cultivate
positive preference for insects.

Mark came to Yale from the University
of British Columbia, where he worked
for 16 years as the founding Director of
the Centre for Sustainable Food Systems.
His strong background in the systemic
issues of food sustainability will provide
us important insight at the intersection of
ecology, agriculture, and socio-economics,
especially for insects’ role in food security
and biodiversity.

Arnold van Huis PhD, Professor of Tropical Entomology at the University of Wageningen
Arnold directs multiple research programmes investigating insect production for food
and feed, has extensive field experience in Africa and other tropical regions, and collaborates with the United Nations’ Food and Agriculture Organisation to investigate
and promote entomophagy. He is a well-recognised leader in the field of entmophagy
research and will contribute invaluable expertise in matters of production systems and
cross-cultural anthropological research.

“We are thrilled to receive the support
of The Velux Foundation in our work
to introduce insects into the Western
diet,” says Michael Bom Frøst, Director
of Nordic Food Lab. “Much important
work is being carried out by others,
but we believe the missing piece is a
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focus on deliciousness. It is our goal to
provide that missing argument, so that
insects become not just edible novelty
but celebrated ingredients with high
gastronomic value.”
A team headed by Professor Jørgen

Eilenberg from the Department of
Plant and Environmental Sciences at
the University of Copenhagen will be a
core partner in the project, focussing on
the entomological, microbiological and
pathological aspects of insects as a food
source. The main collaborators will be:
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Jørgen Eilenberg PhD, Professor of Entomology at University of
Copenhagen

Annette Bruun Jensen PhD, Associate Professor of Entomology at
University of Copenhagen

Jørgen’s main interest is insect pathogens. He founded and heads
the international research team entitled ‘Insect Pathology and
Biological Control’.

Annette’s research focusses on the insect pathology and ecology
of honey bees. She is part of the research team ‘Insect Pathology
and Biological Control’.

The project coincides with the United
Nations’ release of a comprehensive
handbook entitled ‘Edible insects: Future
prospects for food and feed security’
that draws together these different
arguments and emphasises the impor-

tance of gastronomy and a focus on
deliciousness to promote widespread
adoption of entomophagy.

Michael Bom Frøst PhD, Director

Ben Reade BSc, Head of Culinary Research
and Development

Michael is an Associate Professor of
Sensory Science at the University of
Copenhagen. He has expertise conducting
sensory analysis, studying taste preference, and project management.

The project will take place over the next
three years, and is formally scheduled to

Ben is a chef from Edinburgh and has
worked in kitchens throughout Europe. He
holds a BSc from the University of Gastronomic Sciences in Italy and is an intrepid
autodidact on the finer points of food
science and gastronomy.

begin in June 2013.
The team also includes interns and
stagiaires from around the world.
The Nordic Food Lab team:

Josh Evans BA, Researcher
Josh studied philosophy and sustainable
food systems at Yale University. He worked
with the Yale Sustainable Food Project,
Edible Schoolyard NYC and other food
programs before coming to the Lab in June
2012.
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With or without wings
May 16, 2013

By Ana Caballero

of flight [1].

Feet – what do I need you for when I
have wings to fly?
- Frida Kahlo

This sturdy yet elegant structure has
provided great inspiration to biomimetic
engineers – recently, for example, studies of the desert locust wing have lead
to new kinds of design for lightweight
aircraft vehicles [2].

Wings have long been associated with
a poetic dimension, one of fantasy, freedom and elevation. Insects, on the other
hand (at least in the western mindset),
connote something much lower; they
are an object of dislike and disgust. So it
is ironic that one of the keys of success
for the insect world – with over a million
named species – has been the evolution

Although this chat between Ben and
me seemed somewhat frivolous, the
fact was I had no clue about the edible
properties of this curious structure. So
after some readings on the weekend,
this is what I found.
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Although from a biomimetic perspective the locust wing proves fascinating,
at the Lab we are more interested in its
constitution for consumability than for
performance.

The insect wing is composed primarily
of cuticle that is arranged into tubular,
supporting veins and thin connecting
membranes. The veins are typically hollow tubes that transmit fluid, oxygen,
and sensory information via nerves. The

The month of April was all about
insects. In pursuit of understanding the
culinary potential of something so novel
in our diet, we began by questioning
our most basic assumptions about the
ingredient. And when it comes to food,
one of the fundamental distinctions is
to understand which parts of a material
are good to eat and which are not.
Hence the recurring dilemma, captured
in the video below:
https://vimeo.com/66187451

cuticle itself is a multi-layered material
of chitin microfibers embedded in a
protein matrix [2].
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end view of chitin-protein matrix creating a chitin nanofibre

bonding schematic of chitin and B-protein

Chitin is a carbohydrate polymer – supposedly the most abundant in nature,
beyond even cellulose – found in invertebrate exoskeletons, protozoa, fungi,
and algae [3]. Chitin is broken down by
chitinase, an enzyme that breaks the
glycosidic bonds between individual carbohydrate molecules. In the past it was
assumed that humans did not possess
this enzyme and therefore could not
digest chitin [4]. Yet the recent discovery
of chitinolytic enzymes produced by
human gastrointestinal bacteria has
overturned this assumption [5]. Overall,
the cuticle proves as well to be a high
source of dietary fiber.
This composition applies not only to
the wings but to all the exoskeleton.
Seeing that the wings are only a small
part of the whole organism, they would
not be missed if they were removed. In
fact, they may even pose a danger to
the eater. Some research points out that

the sturdy wings and legs of insects of
the order Orthoptera (which includes locusts) could puncture or lodge
themselves in the intestinal tract, as
they have been observed to do in certain
animals [6]. Incidentally, most papers
that review the cooking procedures of
insects in cultural context also observe
wing removal in practice. The removal
could be due to matters of preference
or traditional knowledge related to
these possible health hazards, even if
the chitinous cuticle is in fact digestible
and contains potential nutrients for the
human eater.
Thailand provides plenty of examples
where locals have used their traditional
knowledge to collect and cook many insects such as crickets, cicadas and Dung
beetles. Regardless of the variety, the
wings and hard exoskeletons are usually
removed before cooking. The delicacies
are usually deep-fried, grilled over an

open fire, parched and ground, or steamed in banana leaves and curried [6].
Although removal is common, it is not a
hard rule. So what settled this debate, at
least in the lab and for the Desert Locust
(Schistocerca gregaria) we were dewinging in the video, was to consume
it as a hopper (non-flying nymph). Our
preference had less to do with its underdeveloped wing formation and more
to do with its particular morphological
characteristics at that developmental
stage:
Desert Locust (Schistocerca gregaria)
5th instarnymph (Locust life cycle)
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Raw: yellow-green, vivid yet delicate color pattern, with black
spots.

At this time of the year, lacto-fermented
rhubarb with dill pairs nicely with this
crunchy treat. Along with a good beer, it
has proven a perfect aperitivo for sunny
evenings on the harbor.
NB: Please share any examples you
might know of where fully developed
wings are not discarded.

References
1. Combes, S.A. ”Materials, Structure, and
Dynamics of Insect Wings as Bioinspiration for MAVs.” Encyclopedia of
Aerospace Engineering. 2010.
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Baked: 160 °C for 14 minutes.
Presence of original color pattern with additional golden brick
coating. Crisp, nutty, and slightly sweet with a vegetable note.
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Pestival
May 23, 2013

We spent the month of April on insects,
delving into new species, amassing as
large a collection of ingredients and
flavours as possible. In this case we were
working for a specific goal: a menu of
tastings for an event at the Wellcome
Collection in London, entitled ’Exploring
the Deliciousness of Insects’. The event
was part of a larger mobile festival,
called ’Pestival’, devoted to ”the art of
being an insect” and exploring the interactions between insects and humans
through arts, science, and educational
experiences meant to incite curiosity
and wonder.
The event spanned two evenings, April
30th and May 1st. Marcel Dicke from
Wageningen University in the Netherlands opened with a short talk, after
which Michael and Ben took the stage

to share our research and lead the
60 or so guests through the tastings,
describing our process and, inevitably,
cracking a few jokes.
We expanded the team to build the
menu. Two friends, Nurdin Topham
and Josh Pollen, came on board for the
month of April. Another friend, Dave
Crabtree-Logan, joined up with us in
London for final prep and service. And
our two interns, Ana and Guillemette,
were integral throughout the research
and development process.
The event was overall a great success.
Soon after returning to Copenhagen,
we received word that our research program to further explore the deliciousness of insects would be funded for the
next three years. As we gear up to begin

the project formally in June, we want to
catalogue the recipes and techniques
we developed for the Pestival menu.
We’ll be sharing details of the dishes
over the next few weeks. The full menu
is below.

Anty-Gin and Tonic

Bespoke gin of wood ants (Formica rufa)
and botanicals
with carmine and tonic
with The Cambridge Distillery

Chimp Stick

Liquorice root with seeds, fruits, herbs,
and ants
(Formica rufa and Lasius fuliginosus)

Moth Mousse

Wax moth larvae mousseline (Galleria
mellonella) and morels
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Cricket Broth

House cricket broth (Acheta domestica)
with grasshopper garum (Locusta
migratoria)

Wormhole

Oatmealworm stout (Tenebrio molitor)
with Siren Craft Brewery

Roasted Locust

Butter-roasted desert locust (Schistocerca gregaria)
with wild garlic and ant emulsion (Formica rufa)

Bee Brood

Honeybee drone comb (Apis mellifera)

The Whole Hive

Beeswax ice cream, honey kombucha
sauce, ‘bee bread’,
propolis tincture, and crisp honey

Mead

Lindisfarne Mead from St Aidan’s Winery

The Whole Hive
May 27, 2013
By Guillemette Barthouil, recipe development for our Pestival menu
Stories on limitation.
In a contemporary context of infinite
possibilities we look for constraints,
both to challenge our creativity and give
meaning to our action. Following the
seasons, exploring a territory, collaborating with crazy producers... looking into
these constructive interactions to push
you to do better.
Blossoms are out in the Denmark and,
like us, bees are flying around in search
of fresh and tasty food. Having lived
on their own honey during winter, they
are now looking for flower nectar, pollen, tree sap and resin to produce the
honey, bee bread, propolis, royal jelly
[1] and beeswax necessary for the hive
community.
With the exception of honey, bee products are mainly considered medicinal.
We eat them not because they are good
but because they are good for us. Yet
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the bee hive produces a wide palette of
fascinating flavours, which is rather incredible considering they all come from
the same small house and are produced
by the same animal.
So talking about limitation, I spent a few
weeks trying to develop a dessert based
only on the beehive. We served this dish
as part of our menu for the NFL talk and
tasting workshop at Pestival in London,
entitled ‘Exploring the Deliciousness of
Insects’.
Beeswax is a natural wax produced by
worker bees of the genus Apis. As the
main building material it makes everything possible in the hive. In the hexagonal wax cells, bees store honey, pollen
and nest their brood [2]. Bees secrete
wax only while bringing nectar and pollen to the hive. The eight wax-producing
glands are located on four abdominal
spiracles. Produced by the glands, the
wax is then seeped to the outside of
the mirrors and cooled in contact with
the air, forming a thin and white layer.

It becomes progressively more yellow
or brown by the incorporation of pollen
oils and propolis – certainly a complex
taste, though a less pure and consistent
one. We have therefore decided to cook
with purified and bleached beeswax,
which beekeepers use to make honeycomb foundation.
Beeswax is mainly composed of esters
of fatty acids and different long chain
alcohols. To extract as much flavour
as possible it seemed appropriate to
infuse in a fatty solution like cream.
And what to do with cream… ice cream,
no? But then comes the difficult part:
what is the best infusion temperature
and time? After a few weeks of research
(it has been a challenge) it seems that
blending cold- and hot-infused creams
gives the best result (at least for ice
cream). The cold-infused cream for
18h at 4°C, enhances the subtle floral
honey-like, nectary flavours while the
hot infusion for 1h at 80°C [3] brings
more structure to the ice cream with its
resinous, earthy and astringent notes.
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Beeswax ice cream recipe (for 1 paco
container – 12 servings)
· 70 g of beeswax
· 400 g of cream 38% fat
· 255 g of cow’s milk 3.5% fat
· 200 g of cow’s milk yogurt
· 93 g of trimoline
· 3 g of guar gum
· 1.3 g of salt

The day before :
· Freeze, grind and cold-infuse 20 g of
beeswax into 50 g of cream. Leave at
4°C for 18h.

Production day :
· Freeze, grind and hot-infuse 50 g of
beeswax into 350 g of cream. Put into
water bath at 80°C for 1h.
· Meanwhile, pass the cold infusion
through a superbag. Weigh 30 g and
reserve the cream. Weigh all the other
ingredients. Melt the trimoline (should
not be hot) and mix it with the milk,
yogurt, guar and salt.
· When the hot infusion is done, put it
in the blast freezer until the cream reaches body temperature. The beeswax
should solidify in a block – throw it
away and pass the rest of the cream
through a superbag. Weigh 270 g of
the hot-infused cream and add the 30
g of cold-infused cream. Blend with
the rest of the ingredients in a pacojet
container and freeze.

them together in a sauce? We all know
plant pollen, a source of energy and allergy – and an essential part of the bees’
diet as their primary source of protein.
Yet it is a seasonal product, so the bees
preserve it themselves – and what else
but to ferment it! Lacto-fermentation
[4] is hardly the sole domain of humans.
Bees pack the pollen into a beeswax cell
with their head. During the packing, the
bees mix the pollen with nectar, enzymes and bacteria that will transform
the plant pollen into bee pollen. The
resulting material is more nutritious
than the untreated pollen, both for
the bees and for us. It also happen to
taste fantastic. Flowery top notes and
a light bitterness persist, with a slight
sourness and peach stone flavours from
the fermentation and moist, dense yet
powdery texture that coats your mouth.
A rich food that could be balanced with
a refreshing honey Kombucha.

Honey kombucha sauce recipe (for 12
servings)
· 190 g of honey Kombucha
· 10 g of beebread
· Agar agar
· Weigh and mix the kombucha [5] and
pollen. Stir.
· Cold-infuse at 4°C for 18h (stirring
occasionally, except for the last couple
of hours). At the end the pollen should
have sedimented. Pass the mixture
through a superbag.
· Weigh and add 0.6% of Agar.
· Bring to the boil, wait for 30 s and let it
cool down until it becomes a gel. Blitz it
until smooth.

· Wait until it’s frozen, paco and most
importanty taste it!

Bee bread is a fermented staple food

of bees. Honey bees obtain two things
from flowers: nectar for honey production and pollen. So why not to bring
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Propolis can remind one of a food that

is better for you than it tastes. However,
it has a fantastic aroma. This ‘bee glue’
sticks the hive together, protects the
colony from foreign objects and inhibits
microbial growth. A multifunctional
product, it is made from resins from tree
buds and sap, and composed of phenolic
compounds (58%), beeswax (24%), lipids
(8%), flavonoids (6%) and terpenes
(0.5%) [6].
The beeswaxy and fatty components of
the propolis are not necessary for the
dish, since they are already there in the
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ice cream. To extract polyphenols and
terpenes we made a tincture, macerating 10% of propolis powder into 60%
ethanol for at least one week. This gave
us a strongly resinous, nectary, minty
solution with a good bitter taste - an
astringent concentrate that we use to
spray on the sweet honey crisps.

Honey crisps recipe
· Crumiel (freeze-dried honey and maltodextrin)
· Propolis tincture (10% of propolis in

60% ethanol infused for a minimum of
one week)
· Dust a thin layer of crumiel on the
moulds. To reproduce the beautiful
hexagonal beeswax shape, we made
our own moulds by pressing beeswax
into silicon. Put in the oven at 150°C for
3min. Remove from oven, press beneath
a silicon sheet and return to the oven
for 30s.
· Take out, wait until the caramel has
reached body temperature and peel the
crisps carefully from the mould.
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Just before eating spray with some
propolis tincture.
As you may have noticed, infusion is a
recurrent technique through these recipes. Dealing with food that has been
processed by bees already, the aim for
this dessert was to alter these products
as little as possible. Infusing the ingredients in cream, alcohol or water according to the composition of the substrate
has allowed us to extract flavours to
reintegrate them in our edible beehive.
Of course, in the end it must taste
good – otherwise this all becomes just

storytelling.
[1] We have not managed to integrate
royal jelly in this dish, though this is
worth further investigation, especially
considering its umami component.
[2] Thank you to Annette Bruun Jensen,
Associate professor at the University of
Copenhagen, Department of Plant and
Environmental Sciences, for the precious
information about bee’s life cycle.
[3] 80°C has been prefered since the
beeswax melting point is around 63°C,
depending on its purity, and its discoloration occurs above 85°C.

[4] Vasquez, A ; Olofsson, T. The lactic
acid bacteria involved in the production
of bee pollen and bee bread. Journal of
Apicultural Research,vol 48, 3, 189-195
[5] The sugar content and sourness of
the sauce depends on the development
stage of the Kombucha. For futher
details have a look at our post on Kombucha.
[6] Farooqui, T; Farooqui, AA (2012).
”Beneficial effects of propolis on human
health and neurological diseases”.
Frontiers in bioscience (Elite edition) 4:
779–93

Bushifying away the boar taint pt. 2
June 13, 2013

By Anne Overmark
continued from Bushifying away the
boar taint
excerpted from Anne’s MSc thesis
entitled ’Pork bushi – a gastronomic
approach to tasty usage of boar-tainted
pork’

After 50 days the pork filets were
removed from the climate chamber.
During the stay in the climate chamber
the filets had lost a lot of weight and
they ended up with an approximate
average final moisture content of 19%,
which is very similar to what is found in
katsuobushi (18-20%). Fresh lean muscle

(m. Longissimus dorsi) contains around
74% moisture and due to the dry nature
of the pork bushi, the character of the
meat had completely changed. When
struck it now sounded like a resonant
piece of wood and it took a lot of effort
to slice it. The smell was pleasant with
notes of smoke and dried meat, almost
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comparable to a Parma ham.
As the filets were going to be served
not only to myself but also to a sensory
panel and consumers, they were analyzed for potential pathogens. Both the
Listeria monocytogenes and Stapphylococcus aureus tests showed negative
results and when the water activity (aw)
was measured in four out of nine filets,
the average aw turned out to be 0.895.
This aw is similar to what is found in
dry-cured ham, and it will inhibit the
growth of most pathogenic microorganisms (Andrés et al., 2007). Since there
were no sign of pathogens present,
which potentially could have contaminated the meat during the processing,
and as the water activity was so low, the
pork bushis were considered safe for
consumption.
As mentioned the pork bushi is extremely hard and therefore inedible in
larger pieces. Traditionally katsuobushi
is used as a central ingredient in the
katsuobushi-dashi, which can serve as
a base for miso soup. Another way of
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eating it is as filling in onigiri, however
in either way it is used in very thinly shaved flakes. I had access to a slicer used
for bacon and other meats, and used
the thinnest setting of 1.5mm for slicing
the bushi. It would have been optimal,
however, to use a plane like the one
used in Japan, as it would have provided
finer and more delicate flakes.
Inspired by work previously conducted
at Nordic Food Lab (Mouritsen & Styrbæk, 2011; Mouritsen et al. 2012) and the
traditional way of eating katsuobushi, it
was decided to present the pork bushi
to the sensory panel and consumers in a
pork bushi/potato dashi.

Pork bushi potato dashi
· 1/2 kg old potatoes
· 40 g leek
· 1 L tap water
· 70 g pork bushi flakes
The potatoes were peeled and the
leeks were cut into smaller pieces. The
potatoes were boiled at as low heat as

possible until soft and the leeks were
added halfway through. When the potatoes had finished, the dashi was sieved
through a tea towel, and the pork bushi
was added once the temperature had
reached about 75°C. More bushi could be
added, which would potentially increase
the odour, flavour and taste; however
70g was chosen due to the limited
amount available.
Three different dashis were prepared:
1: “control” – non-boar-tainted meat;
2: “low” – boar-tainted meat with skatole concentrations in the range (0.340.37ppm); and
3: ”high” – boar-tainted meat with
skatole concentrations in the range
(0.50-0.58ppm).
The sensory panel consisted of nine
trained and professional judges, who
are used to assessing boar-tainted meat
and who are sensitive to skatole and
androstenone. The panel expressed
difficulties in finding any differences
between the soups, and during the

BLOG POSTS

generation of the profile used in the
sensory analysis, only one judge out of
nine used ‘boar odour’ and ‘boar flavour’
as words to characterize the dashis.
The final sensory analysis showed
that only the boar odour of dashi 3,
which contained the pork bushi with
the highest skatole concentration, was
perceived slightly, but significantly
(p<0.05) different from the two others.
The boar odour in the third dashi was
perceived as being more intense. When
experience of the sensory analysis was
discussed with the panel members they
all expressed surprise when told they
had evaluated boar-tainted meat, and
they emphasized that it was not nearly
as repulsive as meat they had evaluated
on other occasions.

potent masking volatiles or a decrease
in the concentration. Analyses of the
fresh pork used for the processing of the
bushis showed that the skatole and androstenone concentrations were much
lower than the concentrations in the
neck fat. The concentrations in the lean
meat were lower than the threshold
values too, and it may just be the low
start concentrations, which influence
the perception of boar taint in the filets
used.
Even though I am not yet certain of why
the boar odour and flavour is similar in
meat from boar-tainted boars compared to meat from non-tainted pigs, at
the end of the day pork bushi from m.
Longissimus dorsi seem to be edible and
nevertheless delicious.

Sensory defects as detected by trained
panelists can still be tolerable for naïve
consumers (Lawless & Claassen, 1993)
and when the three dashis were presented to consumers (63) in the canteen
at Gefion (Sorø), there were no significant differences between the liking
of the odour or the flavour. However in
general they were not too crazy about
dashis.
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The results from the sensory analysis
and the consumer test indicate that
boar-tainted m. Longissimus dorsi, processed in a similar way as the traditional
Japanese product katsuobushi, has the
same eating quality as non-tainted
m. Longissimus dorsi. This is great
news and what I hoped to see when
I started this experiment. However it
is not possible from this experiment
alone to determine whether it is the
bushi process or the actual skatole and
androstenone concentrations in the
fresh lean meat that does the trick. This
processing technique can generate
volatiles with the potential to mask the
compounds which cause boar taint, thereby lowering its perceived intensity. The
volatile composition of the bushi was
not analyzed, and the skatole concentration was not determined in the finished
products, thus it cannot be seen if the
processing facilitates a generation of
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A Physiology of Taste: a podcast
June 20, 2013
By Ana Caballero
Our second monthly talk – this time, on
taste. As before, we took a live recording
then adapted and condensed it into a
streamlined version. This talk is all about
the weird and wonderful tongue, following a discussion with Ben on chemical,
physical, biological and evolutionary
aspects of taste.
Bonus: towards the end lies a fun detour
into some philosophical history on the
subject, and an idea about aroma you
might find interesting...
As before, looking forward to your
thoughts.

Nordic Cheeses
June 24, 2013

By Justine de Valicourt
Poul Larsen, a Danish cheesemonger
from HKI Ost, paid us a few visits
recently to share some cheeses and
tell us more about the cheese industry
in Scandinavia. Most were organic,
and some were biodynamic. We had
the pleasure to taste some very good
ones. To understand more about these
cheeses, we needed to look deeper into
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Scandinavian geography and its long
history of dairy culture.
Northern Europe has the highest rate
of milk consumption in the world[1],
but the culture of milk and dairy differs
a lot from one country to another. For
example, Sweden has historically a huge
consumption of hard cheese compared
to Denmark, which favours soured milk,
yogurt, and fresh cheese.

This variability is largely attributable to
geographic factors. Sweden is a large
country with a history of seasonal transhumance for pasturing. Shepherds used
to be isolated for a couple of months in
the summer when moving with their
cattle to higher pastures. They would
then milk the cows and make cheese
as a way to conserve the milk for the
winter season, and the best way to store
a lot of milk for a long period is to con-
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centrate it by making harder cheese.
On the other hand, Denmark is a small
country with a very concentrated
population. The pastures are relatively
near towns and cities and the shepherds
never needed to store the milk for long
periods of time. They could sell the dairy
a few days after collecting the milk,
creating a culture of soured milk, yogurt,
fresh cheese and fresh milk, consumable
all year round.
Modernity, however, with industrialisation and globalisation, has complicated
this otherwise simple model, bringing
an interest in hard cheese to Denmark
as well as an easier shepherding life
in Sweden. The last few decades have
seen the development of a multitude
of cheese factories in Denmark, most of
them influenced by the cheese cultures
of other European countries like the
Netherlands and Switzerland. The five
Danish and three Swedish cheeses Poul
brought us on his first visit were mainly
of this relatively new industry.
We tried a cheese very similar to a
gouda, named Høost Lagret – sweet
and moist at 18 months old. Among
the Swedish ones, Almnäs Tegel at 26
months was close to a gruyere, and
Anno 1225, to a Tomme style. Yet the
ones that held our attention were a
couple cheeses from Jutland: Thybo ,
with large crunchy crystals, great buttery flavour, and high umami taste – the
kind of cheese most people like; and
Hodde Kristian Øko, of semi-pasterised
milk, biodynamic from only hay-fed
cows – even at 15 months old, it could
have waited a couple more months
before consumption for more of those
nutty flavours to develop.
One characteristic we noticed is that all
these cheeses did not taste quite as old
as we would have expected from their
age, as if the aging process were slower
here in the North. Could it be because of
the high relative humidity in Denmark?
Or the cooler climate? Or because the
cheeses are more pressed? The Almnäs

Tegel, for example, was quite pressed,
producing an interesting sandy texture.
All these cheeses made us curious
about those few very traditional hard
cheeses that still exist in Sweden. It is a
country that used to boast thousands
of different cheese producers and a
great diversity of product, though now
most of these producers have either
been bought up or shut down. Yet there
are still a few who have a continuous
practice.

One visit was barely enough for us to satisfy our questions, so Poul came back a
week later so we could learn more. This
time he brought some very traditional
Swedish cheeses – Get-Mese, Gullbracka,
and Oviken Dura to name a few.
The Get-Mese needs to be described a
little more. There is also a Norwegian
version of this brown cheese, which
is made from whey and boiled for a
couple of hours, as the milk proteins and
natural sugars go through a Maillard
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reaction that develops the typical nutty,
caramelised flavours, a certain sweetness, and a wood-brown colour. This one
also had quite a prominent a liquorice
flavour.
The Gullbracka interested us as well. It
is a semi-hard, rectangular cheese from
the Ystad region, traditionally made by
monks. The cheese was only 3 and half
months old, but the taste was already
good, developed but not overly strong,
with a hard sandy crust.
Still from Sweden, we tasted two
cheeses that were delicious and less
traditional. The Granbarkost is a cheese
made in a cast of pine tree, similar to
the Mont d’Or in France and Switzerland
that is made in a spruce cast. The rim gives a distinct terpinous flavour to all the
cheese, and holds it intact as the insides
go gloriously runny.

The other Swedish cheese that we definitely need to relate is the Sörmlands
Ädel, an exceptional blue, creamy and
nutty. Similar to a Roquefort, though
sweeter and from cow milk, and more
mushroomy than a Gorgonzola.
Then, among the enormous selection of
Danish cheeses that Poul brought, the
Gedemælk Rygeost certainly needs a
word. It is a quite famous cheese from
Funen, a smoked fresh cheese from goat
milk (Gedemælk). This process makes
a cheese that is very fresh, creamy and
slightly acidic, but with a potent smoky
flavour coming from a fast blast near an
oak-hay fire.
Finally, the most popular cheese in Denmark: Danbo. It is a commercial semisoft cheese, quite sweet and easy-going.
Yet we hadn’t met its older siblings until
now – one at 20 months and another at
26. These two versions are much stron-

ger, lightly ammoniated, but nutty and
full on the palate.
Every cheese we tasted kept us grappling with how to understand the
interplay between old small producers,
the proud heritage in Scandinavia of
dairy culture and dairy science, the
various kinds of industrial production,
and this burgeoning ‘neo-traditional’
style. What constitutes ‘traditional’
cheese now? When and how do some of
these cheeses toy with our expectations,
and perhaps lead us astray? We may be
entering a sort of post-industrial food
market when it comes to taste and story
– but it is still uncertain to what extent
this will demand changes in the actual
systems of production.
It is complicated and we are not the first
to struggle with these questions. But
one thing is for sure: there are definitely
Nordic cheeses worth eating.

Ants and a Chimp Stick

June 28, 2013

Recipe development for our Pestival
menu, by Josh Pollen – one half of Blanch
& Shock and one third of London Research Kitchen

SIDE 160 | NORDIC FOOD LAB |

To consume an ant is an almost absurd
study of scale. There may be no smaller
legged creature eaten as a principal
ingredient, yet the ant’s size belies the

intensity of its taste.
A wide variety of the 12,500 recognised
species of the Formicidae family are
eaten in cultures around the world, from

BLOG POSTS

the Colombian cinema snack of fried
hormigas culones (large-bottomed ants,
or Atta laevigata) to honey ant species
such as the black honey ant (Camponotus inflatus), eaten as a sweet delicacy
by Australian Aborigines.
The nutritional efficiency of ant protein
is not high compared to other insects,
but that is not the point. They are eaten
more as flavourful supplements and
sometimes given as symbolic gifts.
Simply, different ants exhibit different
flavours [1]. Numerous chemical compounds contained in the ant’s exocrine
glands are considered responsible for
this diversity – in particular formic acid,
a naturally-occurring organic acid first
isolated in ants, constitutes an element
of its defensive allomonic arsenal and is
responsible for the sour taste. We have
eaten ants which taste uncannily of
lemongrass and kaffir lime, and have
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been told of ants tasting of mint and
orange blossom. The variety of flavours
could be attributed to the semiochemicals used for communication within
the ant nest and their employment by
different strata of the hierarchical ant
colony. Their diet and habitat could also
have parts to play, and it surprised us
that the flavours of the Danish ants are
oddly tropical!
At Nordic Food Lab we have used two
species of ant found in Denmark, the
wood ant (Formica rufa) and the smelling carpenter ant (Lasius fuliginosus).
For the first, we visited Tage Rønne,
a woodsman who harvests birch sap
and other traditional ingredients in
the woods north of Copenhagen. Tage
remarked that the ants had emerged
from their winter hibernation that very
morning to greet the first sunshine of
the year. He led us to a spot between the

birch trees where a frantic carpet of ants
seethed from the entrance of a nest to
search for newly-thawed forage. We
scooped up a number of ants (thousands? tens of thousands?) in a container, leaving a sprinkling of birch sap
for the ants in exchange – a nutritious
energy booster as a head start for the
new season.
Back at the lab, we blast-chilled the ants.
It was not without a tinge of solemnity,
for although we had strong culinary
interest in their demise it was still odd
to think about how many individuals we
had removed, and whether the structure
of the colony would be affected. Would
the complex hierarchy be thrown into
disarray, even temporarily? Would workers have to be re-assigned tasks? We had
and continue to have many questions
about the impact of harvesting insects,
many of which remain only partially and

photo: Chris Tonnesen
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unsatisfactorily answered.
We were sent the smelling carpenter
ants by Thomas Laursen, a biologist and
teacher from Jutland, the man responsible for the foraging of several hundred
thousand live ants for the Noma pop-up
at Claridge’s. There is a colony of Kaffir
lime-flavoured ants in his garden.
The course we devised to open the Pestival menu was inspired by ant and termite ‘fishing’ tools used by chimpanzees.
Eating insects like these is part of our
evolutionary heritage – so it’s not surprising how easily it comes back when
in the right company (for example, in
this video where chimpanzees enculturate a documentary filmmaker to eat
termites). On a whittled liquorice root
we brushed honey infused with juniper
wood and studded it with the frozen
ants, freeze-dried fruits, seeds, toasted
crushed grains, small aromatic leaves
and flowers. This ‘chimp stick’, as it came
to be known, was served on a charred
piece of juniper wood (also gathered by
Tage) and guests were able to choose
whether to suck all the edible parts off

photo: Chris Tonnesen
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the stick, mixing the sweet, sour, aromatic, bitter and toasted notes or to pick at
it and taste the flavours individually. Our
hope was to evoke the mess of flavours
and textures that would surround the
ants in their field or forest habitat, and
to use the sour taste to brighten the
palate for the ensuing menu.

Chimp Stick

· Small cherry blossoms
· Infuse the juniper wood into the honey
overnight. Strain and filter.
· Whittle liquorice roots, removing all
rough skin an thinning slightly to a
more slender shape, leaving a section at
one end unwhittled as a ’handle’.

· Buckwheat, soaked overnight, toasted
and cracked

· Brush the liquorice root on all whittled
surfaces with a light coating of honey just enough to make things stick. Place
liquorice root handle-side down into a
bowl of rice to hold the stick upright for
plating. Begin adhering the buckwheat
and linseeds, then the ants, then the
raspberries, herbs, and flowers. It is best
to begin with the more sturdy ingredients and move on to the more delicate
ones. Coat the stick until a desirable
density is reached.

· Linseeds

References

· Freeze-dried raspberry pieces

[1] Morgan, David E. ”Chemical Sorcery
for Sociality: Exocrine secretions of ants
(Hymenoptera: Formicidae)”. Myrmecological News . 11: 79-90. Vienna, August
2008.

· Liquorice roots, whittled
· A clear, light honey infused with toasted juniper wood
· Some local ants, frozen within an hour
of harvesting

· Small leaves of purple shiso and coriander cress

photo: Chris Tonnesen
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Birch SAP – a seasonally active pulse
July 1, 2013

By Ana Caballero
Trees absorb water and nutrients
through their roots from the soil. The
water is passively conducted upward by
xylem vessels to the leaves, where photosynthesis converts carbon dioxide into
sugars. After this transformation, the
sugar-rich water is distributed through
the phloem to all sites of growth: buds,
branches, blooms, roots, and fruits. This
medium of circulation in higher plants is
known as sap. [1]
Due to the success of its syrup industry,
the sap most people are acquainted
with is that of maple trees (Aceraceae)
growing mainly in Northern America.
In Eurasia, although of significantly less
economic impact, the predominant
sap comes from birch trees (Betulaceae
family). The only part of this continental
mass where birch sap has been gathered industrially was within the Soviet
Union. Its transformation for various
cosmetic, medicinal and edible uses was
relevant to the soviet economic system.
Hence, much of the research on production technology and properties of this

sap has been published in Russian. This
fact, along with the large birch stands
and low population density is the reason
why Russia, Ukraine, Belarus, Estonia,
Latvia and Lithuania are the only remaining counties where sap collection
remains an important activity. [2]
In Norway birch sap has been used
mainly as a fresh drink, but in some
areas it is transformed into a kind of
wine. In Sweden it has been used for
gruel (adding barley meal) and in some
areas made into ale by mixing with malt
and yeast. During the last real famine
in Sweden in 1867, tree sap was widely
used in the southern areas and was
referred to as the ”poor-man’s cow”.
Birch sap has also been used among the
Saami in Sweden, especially among the
Forest Saami in Västerbotten. Wine from
birch sap is nowadays made by some
home producers, the most well-known
being the “Grythyttan Björkvin”, a sparkling birch wine developed from an old
recipe from 1785. [2]
In Finland various techniques have been
used used to collect the sap. In certain

areas it was also gathered by digging
pits into the birch tree stumps and
allowing the sap to accumulate. It was
widely used both by the peasantry and
the nobility and has also been recorded
in the use of wines and beer. [2]
In Denmark, birch sap has been recorded
to have been used for making ale and
added to cheese to protect it from
vermin. it was included in the ’Danish
pharmacopeia’ recommended to treat
rash, intestinal worms and scurvy. [2]
Many other uses throughout the region
include the production of vinegars,
boiled into syrup, refined into sugar, and
added in coffee. Used as well against
anemia, cancer, tuberculosis, kidney and
liver stones, gout, arthritis, rheumatism,
cold, and skin diseases, birch sap, like
many traditional foods, has carried both
gastronomic and medicinal roles. [2]
There are many other tree taxa recorded
for the use of their sap – for example,
the sap and inner bark from pine (Pinus
Sylvestris L.) and spruce (Picea abies
L.) were used by the Saami people by
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drying it into flour, and mixing with milk
and fat. Other saps used throughout
Eurasia include ash (Fraxinus excelsior
L.), sycamore (Acer pseudoplatanus),
beech (Fagus sylvatica L.), hornbeam
(Carpinus betulus), Turkey oak (Quercus cerris L.), Wych elm (Ulmus glabra
Huds.), and Eld elm (Ulmus minor Mill.).
[2]
The knowledge surrounding the diverse
uses of tree saps has been dwindling,
but in some European countries, the

be deceiving how ephemeral in fact it
really is. At room temperature, it lasts
only around 48 hours. It can be frozen
but in the past when this was not an
option, the way of letting it live beyond
its season was, like with many raw materials, through transformation. As the
ethnobotanical information above
demonstrates, syrup was not the sole
purpose for birch sap; the sap’s sugar
content was valued even more for its
potential to be fermented.
Watch the video ”Birch Tapping” here:
https://vimeo.com/68813046
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use of sap is being revitalized. Arborist
Tage Rønne is a leader of the front in
Denmark. During the spring he is a sort
of seasonal forest farmer, harvesting the
sap and delivering it fresh the same day.
After one of his deliveries to the Lab, a
group of us decided to pay a visit to his
birch grove and learn more about the
process.
Birch trees, along with beech and oak,
represent an approximate 43% of

Danish forests [3]. For tapping sap the
main species used in Denmark are Silver
birch (Betula pendula ) and European
White birch (B. pubescens ). The sap run
in the spring is the result of the plant
releasing its stores to nourish the newly
developing buds.
Fresh sap has a certain enigmatic
character to it, sterile yet vibrant with a
hint of mysticism. Its crystal clarity gives
it this sense of eternalness... and it can
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Table adapted from reference [2]

At the Lab, our interest in exploring the
potential of tree saps for fermentation
has just begun. Birch sap kombucha was
our choice this season. Although there
is much to explore with its traditional
uses, this was an opportune time to follow up on our Kombucha experiments
from December last year. This idea came
from chef Jonnie Boer of restaurant De
Librije who has been experimenting successfully with tree saps for some time.
When transforming this liquid, the
closest reference commonly available is
maple sap. It is important to note that
its chemical composition and sensory
properties differ clearly from those of
birch sap:
- In maple syrup the dominant sugar is
sucrose, while in birch it is mainly glucose and fructose (invert sugars). Because
sucrose accounts for only a fraction of
the total sugars in birch syrup, finished
birch syrup can be concentrated to more
than 66-66.5° Brix, which is the fixed

level in maple syrup [4].
- The acids in birch sap are malic, phosphoric, succinic, citric and fumaric. The
most predominant is malic acid (as well
for maple) which mainly characterizes
the acidity within the sap.
- Birch sap has a varying but moderately
low pH. A study that monitored the pH
of a sap flow over the season recorded
the following: in the beginning of the
flow season, pH was slightly higher than
7.5, decreasing to around 6.0 within two
weeks. The lowest values, 5.3-5.5, were
reached at the end of April and in the
beginning of May. This demonstrated
that birch sap has no standard acid
composition, but rather its composition
fluctuates and does not necessarily follow a standard pattern [5].
- The acids alone do not determine the
acidic taste, nor do sugars the sweetness; it is the ratio of both that define
our perception.
Tree saps offer a host of opportunities

to conduct further research, especially
when it comes to their gastronomy.
Just as wild herbs are being explored by
more and more people, we hope there
will also be an increasing interest in the
chemical composition, toxicology, and
sensory qualities not only of saps but
of the many other components of these
large vascular plants that, more than
just part of the scenery, are a remarkable
culinary subject unto themselves.
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Koji-chovy
July 5, 2013

By Ben Reade
I need to admit to an obsession: Basque
salted anchovies. In 2010 I was lucky
enough to see them being produced in
the tiny Basque fishing port of Bermeo.
The painstaking effort taken over each
little fish produces a remarkable product. Let me explain the process.
Very fresh anchovies are layered in
barrels with salt. Nobody will tell you
exactly how much salt, but it’s around
10-20% of the weight of the fish. They
are then left there for at least a year.

During this time, osmosis draws water
out of the fish until they are sitting in
their own brine and equilibrium of salt
concentration is attained. This causes
the flesh to firm up and endogenous
enzymes (hydrolases, proteases, nucleases, glycosidases, aryl sulfatases,
lipases, phosphor-lipases [1] ) combine
for autolysis of the flesh. The breakdown
of the flesh is further facilitated by the
enzymes in the anchovy’s gastrointestinal tract – which is of course specifically
designed for breaking down fish – to
give it the rich umami taste typical of an
easily digested protein.

A Basque lady places anchovy fillets into tins (2010, Bermeo)
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After a minimum of one year, the anchovies are removed from the brine, and all
by hand they are filleted, the skin is scraped off, and they are cleaned and trimmed. The polished fillets are then lined
up on a clean towel, and rolled up. The
rolled-up towel is put into a centrifuge
which is spun to pull the water from the
flesh. Selected by size, shape and quality,
they are placed one by one into tins or
jars, where they are covered in neutral
oil. It was wonderful to watch these old
ladies processing each delicious fillet
with such care.
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Although anchovies occasionally swim
as far north as southern Scandinavia,
they are not fished in any commercial
quantity. But I wanted to make some
kind of Nordic equivalent – what to do?
The answer came like a rainstorm of
fish – HERRING. There is a long history of
salting herring for preservation in Scandinavia – but I wanted to end up with
a product similar to that Basque fillet I

had grown to know and love.
But there were problems. The best
anchovies are cured with their entrails
intact, so as to provide enzymes which
facilitate the hydrolysis of the flesh from
the inside out; but herring is a thicker
fish than anchovy, which means it takes
too long for the salt to permeate the
guts and keep them fresh. So, the guts

had come out, but when the guts come
out, sadly so do their enzymes. Yet after
reflecting on some of the lab’s earlier
work on umami arising from salt rich
fermentations, it became clear that I
could in some way replace the endogenous enzyme activity of the guts with
exogenous enzyme activity from koji.
And so was born the Koji-chovy.

Curing koji-chovies, photo by Claes Bech Poulsen

Herring Koji-chovies

· 1970g Salt

Now, take your herring, remove the head
by breaking the neck backwards, and
cleanly remove it with as much of the
guts as possible. Leave the mandibular
bone (or whatever it’s called) to give the
fish a good clean look. Make some barely
koji (some pretty good instructions can
be found here) and then follow this
recipe:

· Mix 100g salt with the koji, and then
stuff the fish with the koji, layering the
stuffed fish with salt in between the
layers.

· 2000g Aspergillus oryzae Koji of Pearled Barley
· 6660g Headless, gutless Herring (10kg
whole weight)

· Weigh the fish down and leave them at
2 °C until they are submerged in their
own brine. Keeping the weight on top,
leave them at ambient temperature for
1 year – although I impatiently started
experimenting already after 6 months.
When you’re ready to move to the next
stage, fillet, debone, dry and cover in
oil, or of course you can also marinate
them. A successful marinade to try is
a sprinkle of powdered juniper berries,

crushed lingon berries and a dash of
aged apple vinegar with some neutral
oil. Vacuum seal them, and leave a
couple of weeks to infuse.
· So. To put things simply, these are
bloody delicious, if a little bit salty. The
saltiness is pretty easy to tackle, in the
old Finnish method of leaving them to
soak in milk overnight before grilling,
but anyway, anchovies are salty and
should be salty and our experimentation doesn’t stop here.
After the initial success of these prototypes my mind wouldn’t stop and we had
to take the project further. This called for
some of microbe friends to get involved.
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So I was able to lay my hands on two
pretty special strains of bacteria, Tetragenococcus halophilus and T. muriaticus.
The T. halophilus has been isolated from
(get ready to gasp) Basque anchovies,
and the T. muriaticus from a Japanese
ferment called Shottsuru, a salt-rich ferment of squid liver. Tetragenococcus spp.
are halophilic lactic acid bacteria which
requires NaCl for growth and is tolerant
of salt concentrations up to around 20%.
At first, T. halophilus was the only species under the genus Tetragenococcus,
yet T. muriaticus was proposed as a new
species under the genus in 1997 [2]. Anyway, we have them both in the lab and
are indebted to Eddy Smid, our fermentation and biotech guru at Wageningen
University for sending us these fantastic
and hard-to-find microbes. We now have
these different versions slowly fermenting away downstairs, with our two
cultivated strains of microbe, as well as
wild ones for a control - we will see in
time which emerges the winner.
And boy do we have a treat for the winning microbe. In March we were given
this beautiful amphora by the talented
potter Aage Würtz. My aim since first
conceiving this pot is to pick a very
successful ferment to inoculate the pot,
so that the microbes can harbour their
populations in the pourous ceramic
walls and be forever perpetuated in the
pot’s contents.
May this be a long and fruitful journey,
and may herring continue to flourish in
our oceans!
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Squeaky Cheese
July 11, 2013

By Justine de Valicourt
The Quebecois love their squeaky
cheese. All those French speakers
in eastern Canada know these very
fresh cheese curds that whine surprisingly under the teeth. The worst part?
Translated directly, these delicacies are
called ”cheese shit”, from the Quebecois
“crottes de fromage”, because of their
appealing shape.
They are also the key ingredient in a
typical fast-food dish that is strongly
attached to Quebecois culture: poutine.
As a Quebecois, I was asked to prepare
this legendary meal for my colleagues.
Most of the time, this high-caloric meal
is composed of french fries (deep-fried
in old oil), squeaky fresh cheese curd
and gravy (from powder). At the lab,
however, we like to begin from scratch
– so the potatoes were cut, parboiled,
and deep-fried in fats we clarified from
different meats, the gravy was from
a delicious duck stock and leftover
mushrooms, and the cheese, clearly, was
homemade.
But how to get that all-important
squeak? I made two versions of the
cheese, one from 1.5% fat milk, the other
from whole milk (3.5% fat). The latter
was preferable for its more enrobing
taste (as you can see).

Squeaky cheese curds
· Inoculate 3 L of milk with 200 mL of
buttermilk or yogurt or any other cultured milk product and incubate for 90
minutes at 32 °C.
At this point, some people add calcium
chloride; I didn’t and my curds were
fine.
· Add a mixture of 200 mL of water with
5 mL liquid rennet into the cultured
milk. Stir slowly for 30 seconds and let

the curds form for about an hour.
· Cut the curds into about 2 cm cubes
(I haven’t been able to cut super well
horizontally, my curds were probably
more like 2 cm X 2 cm X 4 cm). Let these
curds set for a couple of minutes, still
at 32 °C.
· When the curds are more set, bring
the milk up very slowly to 39 °C (I went
up to 45 °C and my curds were ok, but
maybe less squeaky than they would
have been). Keep at this temperature
for one more hour.
From that point I stopped following the
recipe I had (though I’m not sure I followed it from the beginning anyway…).
· The curds should be drained from the
whey at this point and kept at ~37 °C
for a couple of hours. It is best to take
them out from the whey and put them
in a colander above the warm whey,
so it keeps the curds warm while they
drain. Some recipes knit the curds
together by pressing them, but in Quebec, we prefer the weird unattached
shapes (again, hence the name).
· After 30 minutes, I added salt and
mixed the curds, but kept them on top
of the whey, with a lid. I left them there,
at room temperature, overnight.
The next morning my curds were ready
and squeaky. I had to break them apart
to use them on the fries.
We had the poutine for lunch, along
with a very large salad.
This version of poutine was probably
one of the best I’ve had, but if I may suggest, it is always better drunk at 3 in the
morning, or after a very long day skiing...
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Cebiche / Ceviche / Sebiche / Seviche
July 18, 2013

By Sebastian Moreno Henao
As a Latin American, cebiches are very
familiar to me. There are many varieties,
from México to Chile, across Honduras,
Guatemala, Ecuador, Colombia, Peru, and
many other places as well.
It is the same with its etymology. A lot
of theories have been proposed. One
of them says it comes from a Spanish word: “cebo” which means “bait”,
probably because of its similarity to
chopped fish. Another proposes it comes
from the word “escabeche”, which itself
comes from an Arabic-Spanish word:
“sukkabak” , a method to preserve meat
in vinegar. And a third suggests that it
comes from a Quechua (indigenous language from some South American tribes) word: “swichi” which means ‘fresh
fish’ or ‘tender fish’. It is also due to these
different etymology that one can find so
many variations in the spelling.
The many forms of this traditional dish
share one common trait, which is how
acids can transform the proteins in food
without applying any source of heat,
and in a short period of time. We were
interested in playing with this principle
with other techniques and ingredients
we use, such as vinegars, kombucha,
curing, and infused oils.
In cebiches, everything is about pH.
Proteins change because of acid – the
introduction of new hydrogen atoms
disrupts the hydrogen bonding within
and between amino acid chains. Acids
thus denature the proteins’ quaternary
and tertiary structures (the specific shapes that emerge as a result of hydrogen
and other bonds), leaving them in loose
strands and allowing them to reconfigure in new ways. This is the mechanism
that transforms the texture of proteinrich food.
For our acids, we used 4 different vine-
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gars: strawberry, rhubarb, cucumber, and
beer. Additionally we made two novel
acids by fusing chicha and kombucha.
Chicha is a traditional Latin fermented
beverage from Central America and the
northern part of South America made
from corn; the resulting chicha kombuchas were surprisingly nice.
To go with our different acids, we chose
five different types of proteins: the traditional fish and shellfish, always used in
Latin cebiches; red meat, very common,
which we lightly cured to make it a bit
more interesting; and two more rare
ingredients if we speak about cebiches:
insects and legumes. So here they are,
the chosen ones: mackerel, razor clams,
beef loin, green peas, and bee larvae.
We also made some different oils and
salts as seasonings, with products like
lemon thyme, lemon verbena, berries, and roasted koji (yes, koji - what a
surprise!).
The results were very intriguing. Timing
is one of the most important aspects of
this technique: the longer the protein
is in contact with vinegar, the more
dramatic the change on its ‘cookedness’
will be – even within a range of a couple
minutes. We saw this happen in many
ways.
First, the most close to tradition. The
razor clams were marinated in cucumber vinegar for 7 minutes, together with
some sugar kelp and søl and dressed
with lemon verbena oil and salt. The
razor clam was excellent with a good
firm texture, while the seaweeds were
gummy and didn’t add to the dish, so
we removed them in later versions.
The mackerel was put into a strawberry vinegar also for 7 minutes, with
cranberry oil, lemon verbena leaves and
mackerel skins.

The meat, as I told you before, was
cured – with salt and brown sugar, to
balance the tastes while still optimizing
the drawing out of water from the flesh.
We used stronger seasonings for this
one: beer vinegar (for about 10 minutes),
roasted koji oil and clove root. We didn’t
need to put more salt because of the
cure.
The peas we marinated in the chichakombucha for 24 hours and their colour,
flavour and texture changed completely. We dressed them with quince oil
and some raw peas to make a contrast
with other flavours. But in the end, we
decided to dress them simply to show
the unique crisp yet soft texture of the
‘cooked peas’ on their own.
The bee larvae gained a slightly firmer
external layer through contact with the
vinegar, while retaining their creamy
center, almost like a spherification; but
if we let them stay more than just 3
minutes in the vinegar, the layer became
thicker and thicker and the larvae
became less creamy and nice to eat.
It was interesting to see how the different types of protein responded to
the different acids, giving pretty diverse
results from the same process. Overall,
a very versatile technique that we can
use on different ingredients around the
world.
Plus, the mise en place was great.
Here’s a recipe for our favourite.

Bee Larvae Cebiche
Bee Larvae		
Rhubarb Vinegar
Lemon Thyme
Freeze-dried Lingonberries
Red Oxalis Stems
Søl Salt

15 g
100 ml
3g
5g
3g
5g
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Pick lemon thyme leaves and chop dried
lingon-berries and oxalis stems very
finely.

Enjoy a delicious bee larvae cebiche!

Pull the bee larvae from the freezer
and defrost for 3 minutes. Add them to
the vinegar and season with salt. Wait
another 3 minutes.

”Diccionario Panhispánico de Dudas. ”
Real Academia Española . <http://lema.
rae.es/>. 10.2005. 18.7.2013

Take the bee larvae out from the vinegar
and dress them with the other ingredients (stems, lingon-berries and lemon
thyme).
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An early trial with rhubarb vinegar on different insects

Black corn to be turned into chicha

An early version of the bee larvae ceviche
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Beer Foraging
August 20, 2013

By Ana Caballero & Josh Evans
Back in the early summer we had a
guest: Rick Stepp, an ethnobiologist
from University of Florida. He was in
town and came by to tell us all about his
current work on the bio- and cultural diversity of tea in Yunnan Province, China.
But he’s also a extremely knowledgable
about other plants, and, as it happens
a keen brewer. This seemed an ideal

Some of the plants we found:
Dead nettles
Chickweed
Blackberries
Beech leaves
Pine shoots
Woodruff
Ground elder
Wood sorrel
and, of course Wood avens.
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opportunity to head out to some green
spaces and collect ingredients for some
wild ingredients we could make beer
with. We gathered a small group and
went for a good ol’ forage.

for beer-making as possible, but the
further we got into the woods, the more
and more we realized how keen we were
on one plant in particular: clove root
(Geum urbanum).

We asked Trevor Moran, ex-long-time
Product Sous-Chef and master forager
at noma, to come with and lead the way
to some favourite foraging spots. We
were keen on collecting as many plants

Ana took some footage of the expedition. Check out the video here:
https://vimeo.com/72481816

As Trevor mentions, the great irony
of plants like Wood avens is that for
centuries, Europeans have been looking
everywhere else in the world for ’exotic’,
spiced flavours, when we have also had
our own spices in our forests, fields,
marshes and mountains. We have
fought wars for control of spice trade
routes and monopolies, and for much of
human history, spices have been worth
many times their weight in silver and
gold, from 400BC Han Dynasty China,

to Pliny the Elder’s Ancient Rome, and
onward.
For cloves in particular, the Spanish,
Portuguese, Dutch, English, and French
spent much of the 15th century during
the Age of Exploration vying for control
of this lucrative industry, based in the
Mollucca island group in Indonesia. Did
they not know about Geum urbanum ?
That is unlikely. Or was it because it was
so close to home that it held less value?
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After harvesting some Wood avens, Rick
talks about allelopathic chemicals as
why he thinks the roots might have a
stronger smell the further they grow
from the rhizome.

the pharmaceutical prototype for the
class of 4-hydroxycoumarin derivative
anticoagulant drugs. Still, a reason to
not let your coumarin-bearing plants to
go mouldy.

As Ben and Trevor walk back through the
woods after the successful forage, they
talk about coumarin as the source of
the sweet, fresh-hay smell in woodruff,
sweet clover, and tonka bean, and its
ability to be synthesised into potentially
dangerous anti-coagulant dicoumarol
by certain fungi, such as Penicillium
jenseni. This was discovered when
cows began exhibiting signs of internal
bleeding after ingesting sweet clover
(Melilotus spp.) hay that had been
left wet and gone mouldy. After being
identified in 1940, dicoumarol became
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Searching for cyanide
September 5, 2013
By Justine de Valicourt

Overview
Cyanide is a strongly toxic compound
that is frequent in nature, including in
some plants generally considered safe.
We investigated its pathway to have a
better understanding of its toxicity. A lot
of food contains small concentrations of
cyanide in the form of glycosides. When
the plant is hurt or chewed a chemical
reaction occurs in the harmed cell and

the cyanide is released as a natural
defense. This poison blocks the cell’s
uptake of oxygen, bringing on a cellular
condition called histotoxic anoxia, lit.
‘cell-toxic lack of oxygen’. The cell is no
longer able to produce energy for its
normal functions and quickly dies.
The human body can detoxify a small
amount of cyanide in the liver through a
pathway involving a molecule called thiosulfate. Poisoning occurs when there is
not enough thiosulfate to neutralise all

the cyanide. At low toxic concentrations
the cyanide can provoke nausea, vomiting, general weakness and dizziness. A
lethal dose to humans is thought to be
98mg in one day, with a lowest documented lethal dose of 37.8mg.
Cyanide has a boiling point of 25.7°C,
which means that even a little heat
would vaporise the toxin and make the
product safer.
We focused our investigation on the
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cyanide content of black elder and
elderberries. Elder (Sambucus nigra)
leaves, bark, roots, unripe fruits and
stems contain high levels of cyanide.
Completely ripe fruits are generally considered safe to eat. Scientific literature
has related few cases of food poisoning
from elderberries, but each event was
probably brought on by the accidental
use of leaves and stems along with the
berries.

Elderflower season is over. Their magnificent perfume is no longer around

us. We made good use of the season,
however, harvesting it wherever we
found it. Our different projects involving
elderflower have made us think about
the safety of consuming the elder plant,
its flowers and berries. We knew that
elder can be toxic, but were not sure
about the circumstances of this toxicity
or how best to remove it. Elder, along
with other plants like stone fruits and
cassava, contains hydrogen cyanide
(HCN) in the form of cyanogenic glycosides. This usually inactive molecule
is broken down by enzymes when the
plant is harmed, or the pit crushed, and
hydrogen cyanide is released as a natural repellent against insects and other
hungry predators.

Hydrogen cyanide (from The Atomic
Dashboard

Detoxification and excretion of cyanide [2]

Thiocyanate (from The Atomic Dashboard)

So we began researching toxicity and
human tolerance to HCN. It seems that
an ‘average’ human could be killed by
ingesting 70g of apple seeds. That is a
lot of apple in one day. In fact, the body
is able to detoxify small amounts of

HCN in the liver, through an enzyme called rhodanese [1] that uses a molecule
of thiosulfate to bind the cyanide group
and render it harmless. The resulting thiocyanate is excreted in the urine, while
the free sulphate group is available for

another purpose. Poisoning from HCN
thus occurs when there is not enough
thiosulfate available to neutralise the
cyanide.

To satisfy our curiosity on the subject of
cyanide, we decided to prepare a common semi-quantitative test to evaluate
the level of cyanide in food. The test
uses the reaction of picric acid (yellow
compound) changing into isopurpuric
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acid (brown-reddish) in the presence
of volatile hydrogen cyanide (HCN). The
HCN contained in any solution turns
the paper from bright yellow to brick
orange.
The intensity of the colour change
gives a rough idea of the concentration
of HCN. A more refined test would be
to make a scale of colour with known
concentrations of HCN, and then to
compare picric acid paper analyses from
food products with the colour scale to
approximate the food’s HCN concentration.
___________________________________

The Electron Transport Chain
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Yet why is cyanide dangerous in the
first place? The molecules enter the
cell, blocking the complex reaction that
transforms oxygen into energy: the
electron transport chain.
This chain of enzyme complexes is
situated in an organelle called the
mitochondrion. The mitochondria have
a particular structure: they are composed of two membranes – unlike other
organelles which have just one – which
create an intermembrane space in addition to the inner mitochondrial matrix.
The four types of enzyme complex are
attached to the inner membrane of the
mitochondria and permit a gradient of
electrons to develop between the inner
space and the intermembrane space.
This gradient is necessary for the final
step in the transformation of adenosine
diphosphate (ADP) into adenosine triphosphate (ATP) by a fifth enzyme called
ATP synthase. ATP synthase attaches a
third phosphate group onto ADP using
the energy from the electrochemical
gradient and the influx of H+ ions. ATP
is the body’s chemical energy – almost
every metabolic reaction needs it. It is
called a co-enzyme because most other
enzymes cannot work properly without
it. ATP is the currency of the body’s
chemical economy.
The cyanide molecule intervenes in this
process, fixing itself to the cytochrome c
oxidase, the main enzyme of the fourth
enzyme complex, and changing its
configuration. This alteration makes it
impossible for the complex to transfer
H+ ions to the intermembrane space
and to synthesise them into water
with oxygen. By blocking this crucial
step, the cyanide effectively disrupts
the entire electron transport chain. ATP
is no longer produced in the aerobic
conditions and the cells die quickly from
a condition called histotoxic anoxia
(cellularly toxic lack of oxygen). The first
cells to be harmed by the poison are
those in organs that cannot perform
under anaerobic conditions: first the
brain, then the liver and the other vital

Cross-section of a mitochondrion [wikipedia]

The electron transport chain with ATP synthase [7]

organs.

Death by apples
The scientific literature relates a few
cases of poisoning from fruit consumption: children dying from eating apricot
and cherry pits [5]; a women who
became poisoned by drinking choke
cherry spirit [6]. In the latter case, the
spirit and cherries were analysed for
HCN content with results of 43-45mg/kg
and 4.7-15mg/kg respectively. Although
it is quite impracticable to study a

lethal dose for humans without killing
any, some studies have proposed a
potential lethal dose of 1.4mg per kg of
body weight, with a lowest lethal dose
documented of 0.54mg per kg of body
weight1. For an average man of 70kg,
this means an ingestion of 37.8mg in
one day.
The following table presents different
food products and their concentration
of HCN [1].
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The crucial fact here is that HCN has a
boiling point of 25.7°C. Which means
that in preparations involving heat, and
even a slight incubation above room
temperature, most of the free cyanide
will evaporate, leaving the food product
much safer.
Beyond these few clear facts, the
literature holds a lot of confusion. All
sources agree that the elder tree has
cyanogenic glycosides and thus the
potential for HCN; yet some sources
suggest the berries and flowers are safe
to eat, some say not really, and some say
they should always be heated before
consumption. Furthermore, we haven’t
found any article that clearly states a
concentration of HCN in either the berries or the flowers. Which brings us back
to our central question: are elderberries
safe to eat raw? In what quantities? Do
they harbour other toxins that could be
harmful when ingested?

Picric acid (from The Atomic Dashboard)
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A relevant project of ours is an elder
vinegar, using elderflower wine and
adding the berries before the acetic
fermentation (another post on this will
come soon). Will this vinegar be safe to
consume in large quanities?
After a bit of digging we found that raw
elderberries contain 3mg of potential
HCN (in the form of glycosides) per 100g
of fruit, making them dangerous for cyanide poisoning only with a consumption
of more than 1.5kg of raw fruit in a day.
While that’s quite a bit of berries, it’s not
out of the realm of possibility – though
when we’re talking about vinegar, it may
be safe if for no other reason than that
one rarely drinks a bucketful. Toxicity is
always about dose and concentration.
That said, we like to have more precise
answers and to be able to see them
for ourselves. Through our research we
discovered it is quite easy to make our
own test to determine the HCN content

of any product.

The DIY picric acid test for HCN
Pure picric acid is an explosive. But in solution, it is quite harmless (for an acid).
Picric acid itself is bright yellow, but
when it reacts with cyanide it is reduced
to a more orange-brown compound
call isopurpuric acid [7]. By soaking
filter paper in picric acid, one can make
simple test paper that gives slightlybetter-than-binary results. Once dry,
the paper will react with HCN vapour,
which in practice means that if you put
a cyanogenic product in a test tube with
some water to soak it, then suspend a
strip of this paper at the top of the test
tube before closing it, the vapour from
the product will interact with the picric
acid and make the colour of the paper
changes from a bright yellow to an
orange-brown. The more cyanide in the
product, the browner the paper.

Transformation of picric acid (on the left) to isopurpuric acid (on the right) by the addition
of CN- [4]

BLOG POSTS

We made an initial test with cassava to
calibrate our paper, as cassava has one
of the highest concentrations of HCN in
a food product. Here are the results:
It works.
The next step is to make graded test
strips with solutions of different concentrations of sodium cyanide (NaCN). We
will then have a semi-quantitative test
because we will be able to use the relative concentration of cyanide in NaCN
as a benchmark for comparing the HCN
concentration of many different foods.
Hopefully we can get it ready before the
elder vinegar!

HCN test t+2min

[addendum]
While the HCN in elderberries can
poison one to death, it became clear
through our investigation that it was
not the only source of the common
emetic and purgative symptoms of
consuming the berries raw. We’ve since
looked further into elder, with more
findings to come.
[erratum 2.11.13]
Thanks to Julia Stasinska for spotting an
error in the table - 5mg/kg of cyanide in
apple seeds is actually 500-700mg/kg.
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Elder – a love story
October 3, 2013

By Justine de Valicourt

Overview
Investigating hydrogen cyanide was a
gateway to full-fledged elder-obsession.
This post explores the complexity of
Sambucus nigra, the elderberry tree, in
folklore and throughout its traditional
and modern uses in woodcraft, horticulture, medicine, and cuisine. The plant
is considered toxic, but the poisonous
alkaloids and glycosides are contained
mostly in the bark, leaves and stems.
Most scientific literature considers the
ripe berries safe when consumed in moderate quantities. However, we tested
raw elderberry juice on the lab team and
all of us except one felt very nauseous
for the few minutes after ingestion.
We still don’t fully understand the
causal mechanism for this effect, so we
recommend to gently heat or ferment
the fruits/juice before consuming. The
flavour is much improved with acidity,
which fermentation (kombucha and vinegar, for example) seems to be a good
way to achieve.
___________________________________
Can someone fall in love with a plant?
Dan Barber fell in love with a fish, Roland
Rittman with a piece of wilderness. Well
I have fallen for elder. Sambucus nigra
has spread its roots throughout human
culture: history, folklore, music, woodcraft, horticulture, medicines traditional
and modern, beverages and cuisine. And
on top of all this knowledge, elder offers
generous amounts of fragrant beautiful
flowers and rich dark fruits. What more
can one ask from a beloved?

Folklore
Hyldemor is part of Danish folklore and
the basis for Hans Christian Anderson’s
story The Little Elder-Tree Mother (1845).
She is the elder-mother, the spirit of the
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Sambucus nigra L.(http://commons.wikimedia.org/wiki/File:150_Sambucus_nigra_L.jpg)

tree. One says that you should always
ask her permission before cutting elder
wood, and if you don’t, she may take
revenge and haunt the new object (be
careful if it is a cradle). Some superstitions say that if you burn elder, you will
bring the devil into your house; others
that if you plant an elder near your door,

you will protect your house from him
(Grieve, 1931; Wikipedia).
In Denmark, one should not sleep under
an elder at midsummer because one
might see the Fairy-king and all his
retinue; in Scotland, the same situation may happen on All Hallows Night
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(Halloween). Though it could be fun to
meet them, sleeping under the tree still
seems not recommended.

shrub to keep in the garden.

Medieval belief had it both the tree from
which Judas hanged himself and the
wood of the Cross of Cavalry, elevating
it to a potent emblem of death and sorrow. (Grieve, 1931)

Traditionally, the flowers, berries, bark,
and leaves have been used in homemade remedies against more or less
everything. It used to be the panacea of
natural medicine, curing influenza, cold,
cough, bronchitis, sore throat, headache,
asthma, malaria, scarlet fever, measles,
syphilis, other fever and eruptive diseases, bruises, inflammation, freckles and
sunburns, chapped hands, chilblains,
erysipelas, rheumatisms, blood circulation deficiencies, and sciatica. It was
used to promote all ’natural secretions
by stool, urine and sweat’, and even
to dye hair black (Grieve, 1931; Meiers,
2001). Its effectiveness against measles,
syphilis, scarlet fever and freckles hasn’t
been proven, but some recent research
has documented the berries’ inhibitory
effect of 11 strains of influenza as well as
their capacity to stimulate cytokine production (Charlebois, 2007; Barak, 2001).
Cytokines are cell messengers of the
immune system, enhancing the organism’s reaction to an infection. They also
contain more antioxidants than most
other small berries, most of them in the
form of cyanidin, an anthocyanin that
was found to be an effective inhibitor
of human tumour cells in vitro (Meiers,
2001). They also contain great amounts
of iron, phosphorous, and vitamins A
and C (Charlebois, 2007).

And thanks to J.K. Rowling, elder is also
known to be the wood of the most
powerful wand ever made.
That is a lot of beliefs for such a common shrub!

Woodcraft
Sambucus nigra has hard wood but hollow stems and has been used to make
flutes, pipes, pop-guns, combs, pegs and
other small items (Stevens, 2010). The
common name might come from Æld,
’fire’ in old English, because of the use
of the young hollow branches to blow
on a timid fire. The Latin name seems to
come from a musical instrument made
from its wood, called a sambuca (Grieve,
1931). Historical records are not clear
if it was a string or a wind instrument
(Grieve, 1931; Wikipedia).

Horticulture
The leaves and bark are full of cyanogenic glucosides and volatile neurotoxic
alkaloids: sambugrine and conicine.
This could be the reason one meets the
king of Elves after sleeping under the
elder tree. When crushed and infused in
water, the leaves can be very effective as
an insecticide and insect repellant (PFAF;
Grieve, 1931). However, as the leaves’
narcotic odour would also be transferred to the skin, it might also repel more
humane companions.
The foliage also has a high decomposition rate compared with most plants,
making it a great compost enhancer.
This same effect can be achieved if
the roots spread close to the compost
(Atkinson, 2002; PFAF). Definitely a good

Medical uses

The Little Elder-Tree Mother (http://www.andersen.sdu.dk/
rundtom/galleri/2004/billed.html?bid=87)

To eat or not to eat?
The leaves and bark contain a lot of
the cyanogenic glycoside sambunigrin
(0.16% of leaf weight) (Grieve, 1931) and
the alkaloids sambucine and conicine.
These three components are poisonous
in small doses.
We began investigating cyanide poisoning in the previous post ‘Searching for
cyanide’. From the figure stated above
we can estimate a concentration of
1600mg per kg of leaves, which means
that if we go with the lowest documented lethal dose of 37.8mg of HCN,

Illustrated elder mother, from England (http://collections.
vam.ac.uk/item/O688777/elder-mother-tree-in-the-printrackham-arthur/)
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the consumption of 23.6g of leaves can
be life-threatening (even without considering the presence of conicine, the
same poisonous alkaloid in hemlock).
It thus makes sense that the bark and
leaves have been used in small doses
as purgatives and emetics, as well as
expectorants, diuretics, and diaphoretics.
These last two properties made them
useful in the treatment of oedema.
Considering their toxicity, however,
one should certainly consider other
more modern and effective treatments
instead of such a potential poison.
Which brings us back to the berries.
They are considered safe to eat by many
sources as long as they are totally ripe
(Charlebois, 2007; EMeA, 2013; Stevens,
2010; PFAF). The cyanogenic, lectin, and
alkaloid contents can be harmful when
the berries are not completely purpleblack. Raw preparations should be done
carefully without any stems or leaves.
Some cases of food poisoning have
been scientifically documented in the
last fifty years, but all of them were due
to unripe berries or preparations made
from berries with leaves and stems. One
of them occurred in 1984 from a juice
made from raw berries with their leaves
and stems (Kunitz, 1984). One of the 8
people treated drank 5 glasses of juice in
a very short time and had to be hospitalised overnight for the stuporous state
it induced. The others experimented
nausea, vomiting, abdominal cramps
and weakness. All recovered quickly.
The European Food Safety Authority
(2012) published data stating the presence of cyanogenic glycosides in the
berries to be up to 3mg/100g of fruits.
No information was included about the
ripeness of the berries used to evaluate
this concentration.
All this information brings us to the
conclusion that if you are planning to
eat more than 1.2kg of berries in one
day, you might want to cook them. If
you want to eat less than 1.2kg raw, you
should make sure that no leaves, bark, or
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stems are included in the preparation.
The tannins and viburnic acid contained
in the fruits might have a high effect at
this dose. They normally treat irregular
bowel movement and nasal and bronchial congestion (Charlebois, 2007), but
we could not find any information about
their effect at higher doses.
However safe on paper the berries may
be to eat, we decided to use ourselves
as Guinea pigs and test the effect, or
non-effect, of drinking raw fresh juice.
The results are beguiling: 5 of the 6 of
us experienced strong nausea after
drinking only a few milliliters; nobody
was properly sick, but most of us felt
unpleasant for around 15 minutes. Some
also experienced revulsion even at the
idea of drinking more. In other words,
however appealing elder may be, one
should not offer the raw juice on a first
date (but it could be a fun activity for
the second or third). We already know
that cooking renders them safe, but
it was also interesting to notice that
none of the ill effects were present after
consuming the fermented juice. We still
have more research to do to understand
what causes this nausea/revulsion, and
why it affected only 5 out of 6 testers
(the only seemingly immune one being
Josh; also the only male subject, but this
is probably a coincidence).

Heat, acid, fermentation
Traditionally, elderberries have been
used in food and beverages to make
wine, preserves and medicinal syrup, and
to adulterate port wine. This practice
was so common that old dark-red port
was considered a good remedy against
rheumatisms, until further investigation
revealed the fact that true aged port
had almost no anti-neuralgic effects,
while in fact it was only the cheap, fakeaged port made from a large proportion
of elderberry wine (Grieve, 1931).
In most parts of Europe the use of the
flowers in cooking and beverages is
mostly limited to elderflower lemonade,
cordial, wine, sparkling wine, and fritters,

while some also make them into jam.
A couple of breweries have used them
in beer, mainly in United States and
England. In our research we found few
references to elderberry beer.
However fantastic, loveable and rich in
potential the shrub may be, the fruit
itself can be disappointing. Their taste
is boringly balanced and flat, and their
aroma when raw is reminiscent of rotten flowers, bitter green leaves, grass, or
rubber. (not great!) while their flavours
bring more notes of leaves, wood,
sometimes moss and paint. However,
heat and a pinch of acid (traditionally
lemons and/or citric acid) reveal more
of their floral notes. We also consider
fermentation a great option to enhance
their complexity – we have developed an
elderberry kombucha, and are working
on a longer-term, multi-stage elderberry and elderflower vinegar. The high
levels of tannins and anti-oxidants give
it great aging potential, yet a further
sign that the fruit is simply meant to be
fermented.
Now that our vinegar is in its second fermentation, more kombucha is acidifying
and our freezer is still full of berries, we
will be able to test many recipes to reduce the mossy and rotten aromas and
reveal the fresh, flowery, and fruity ones.
Then, maybe we will discover another
side of elderberries and fall in love with
this complex plant utterly and for real.
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An Older Elder
October 23, 2013
Part 1 by Ben Reade

Overview
Our recipe for elder vinegar. Begun from
a elderflower wine and undergoing a
second fermentation on the berries, this
vinegar has good aging potential. The
fermentation makes it safe from any
potential cyanide, and the acidity brings
out the floral, fruity notes over the
muddy, watery ones. It is delicious.
___________________________________
So, sometime in the spring of 2010 while
I was living in Italy I got into making
elderflower syrups – it’s something I’ve
grown up around in Scotland, a favourite
taste of summertime. During my child-

hood, around 50% of the bottles would
start to ferment (some would explode)
and when a good recipe was stumbled
on by chance (my mum would never
weigh anything), a delicious sparkling
wine would magically appear. Now,
elderflower champagne, as it’s often
know, is as old as the hills. It’s delicious,
always gets consumed faster than
expected, and everyone always wishes
they had made more.

A good recipe for a traditional elderflower syrup is:
· 80 heads of elder flowers, removed
from green stems (harvested after
some days of sunshine)
· 2.5 L water

· 3 kg sugar
· 100 g citric acid
· Zest and juice of 6 (*ahem*, nordic)
lemons
· Boil sugar and water, pour over the rest,
cover and leave for 24 h. Strain.
If you want to bottle it to keep as syrup,
you can pasteurize it at 63 °C for 30
minutes or 72 °C for 15 seconds before
closing in clean bottles. However, you
may instead like to take your syrup on a
longer journey. For this the options are
endless, so I will not give you super precise instructions – also because when I
made the best version of this, I was not
in ‘lab mode’ and have no written record
of any recipe, and it was done by feel.
Unrepeatable – as the very best things
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so often are.
I’d like to tell you how to turn this into
floral vinegar with a gentle acidity and
some sweetness, suitable for diverse applications from desserts to sauces and
cocktails. This is somewhat similar to a
‘shrub’, but I have never tasted a shrub
this good. The fact that it goes through
two layers of fermentation, alcoholic
with the flowers and acetic with the
berries, leads to completely new levels
of complexity.
To make your syrup into a wine (the first
stage in vinegar-making), dilute it down
to around 20% sugar (more to have it
sweeter/stronger, less to have it more
dry/weaker – dependent on the yeast
strains being used), give it a shake to
dissolve some oxygen and pitch (add)
some yeast. Put an airlock on this and
leave it somewhere cool to ferment and
forget about it for a while. For more
information on alcoholic fermentation,
check here.
So in 2010 after tasting my over-sweet,
but quite alcoholic and rather nice floral
wine, I decided I wanted to make vinegar that had serious aging potential.
I’ve been quite obsessed with vinegar
for quite some time, so there are a few
posts written about it around on this
blog. For simple European vinegars see
here, processing methods here and
balsamic style vinegars, here.
Back to my elder vinegar, and how to
get it older. The ‘wine’, as it stands, has a
very simple mixture (sugar, water, acids,
floral and lemon flavours and alcohol).
In order to give the vinegar aging potential it required some structure, tannins
and antioxidants. Of course, elderberries
are rich in all these things, so it made
sense to give the flower wine structure
using fruits of the same plant.
So, hold the wine until the elder berries
are ripe and deep purple. Then pick
loads and loads of the biggest, juiciest
berries, and fill up a wide mouthed jar
with them. This works well with elder-
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Our pollen-dusted hands after picking many bags of elder flowers
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berries, but also with blackberries and
other colour-rich berries that will give
aging potential to your vinegar. Cover
the berries with your elderflower wine,
and add about a quarter of this quantity
again of live vinegar.
It’s important to use a wide-mouthed
jar to increase oxygen circulation, and
don’t use a lid but a thin piece of muslin
or similar. Keep your slowly processing
vinegar in a warm and dark place (between 30 - 40 °C is great). Leave it for 1
month like this. After that time, strain to
remove the berries, return to the jar and
put back in your warm and dark place
for another two months.
Don’t worry if you remove the vinegar
mother while straining. Although the
mother is attached to lots of superstition, it is a recognizable manifestation of
the acetic acid bacteria, but the bacteria
are plentiful in the liquid, and that’s
quite enough! For more information on
the formation of mothers, and how that
works, have a look at this excellent post
on the acidic beverage kombucha.
There is one problem, and that is that elderberries can be toxic. In fact the whole
elder plant is pretty full of a family of
molecules called cyanogenic glycosides – which are particularly potent in
the green parts and the seeds. For more
informations on this, you can refer to
Justine’s post on hygrogen cyanide. This
is why it is crucial to separate the green
parts from the flowers when making
the syrup.
But then we get to the berries. If one
drinks a freshly made elderberry juice,
and we tried it, chances are that one is
going to feel bad for a little while – to
quote René, reflecting on a spoonful
of raw elderberry juice, “you know the
feeling of car sickness, it’s like that but
times 100, it’s like hitting a brick wall of
nausea, with immediate effect” – and
we are now older and wiser. So don’t try
raw elderberry juice.
So I wanted to find out more about

cyanogenic glycosides, and knew that
people who had tried the berries had
felt very sick, but that people who tried
my vinegar had a massive smile.
Luckily we have Justine here at the lab,
and she’s great at the chemistry side of

things, so she’ll fill you in on that.
And yeah, I know Elderflower season is
over, but we’ll repost this at the start of
next year’s season!
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Part 2: Is this vinegar safe?
By Justine de Valicourt
here is a long tradition in many areas
of the world, particularly Africa and
South Africa, of eating cassava. Cassava
has one of the highest concentrations
of cyanogenic glycosides and it is often
the cause of massive food poisoning in
regions with drought or famine. Cassava
products are harmful mostly in these
moments because people are consuming it immediately, before it is properly
processed. This root should always be
cooked after being previously soaked
and fermented. The fermentation lowers
the pH and therefore also the potential
release of cyanide from the glycosides
(White, 1998).
Glycosides are molecules that include
a sugar and another functional group.
In the case of cyanogenic glycosides,
the functional group is partly composed of a molecule of cyanide. They are
concentrated in vacuoles (small bubbles
distributed throughout the cytoplasm
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of the cell). When the cell is harmed, the
bubbles break and the cyanogenic glycosides are released into the cytoplasm,
where they can react with enzymes that
will break the bond between the sugar
molecule and the functional group. The
free cyanide then begins its disturbance
of cellular respiration.
The cyanogenic glycosides in elderberries are different from the ones in
cassava, but a study from Eugeniusz
Pogorzelski (1982) also showed that
fermentation lowered the cyanide potential of elderberries. Enzymes are proteins, and acidity does the same to them
as to fish in ceviche or as heat does to
an egg: it denatures them. Enzyme then
become inefficient at breaking the bond
between the sugar and the cyanide and
the cyanide stays harmless. So, the low
pH of the vinegar might be enough to
lower the cyanogenic potential of the
berries. Could explain the smile...
Also, as hydrogen cyanide evaporates
at 26°C, a big part of the free cyanide
should be released in the second fer-

mentation that occurs around 30-40°C.
Finally, and importantly, nobody ever
drinks an entire glass of vinegar.
So the vinegar is safe of cyanide. Ours
is in its second fermentation. It started
to oxidise, with that distinctive sherry
taste, and a scent reminiscent of the
floral notes on a good sweet Moscato di
Asti. Soon we will be smiling.

References
WHITE, Wanda LB, ARIAS-GARZON,
Diana I., MCMAHON, Jennifer M., et
al.Cyanogenesis in Cassava The Role of
Hydroxynitrile Lyase in Root Cyanide
Production. Plant Physiology, 1998, vol.
116, no 4, p. 1219-1225.
POGORZELSKI, Eugeniusz. Formation of
cyanide as a product of decomposition
of cyanogenic glucosides in the treatment of elderberry fruit (Sambucus nigra). Journal of the Science of Food and
Agriculture, 1982, vol. 33, no 5, p. 496-498.

BLOG POSTS

Waxed Plums
October 25, 2013

Trials by Sarah; post by Guillo, Avery, and
Josh
Is it possible that waxing fruits, a symbol of our large-scale food distribution
system that values appearance and
practicality over taste, could be used
instead for deliciousness?
In fact, many fruits when ripe produce
a natural wax coating on their surface
to reduce the water permeability of the
skin. Pick an apple from a tree, rub it
on your shirt and it shines; the natural
waxes on the apple’s surface are polished. In addition to the wax, the surface
of these fruits often host different wild
yeasts and other small ‘debris’. Largescale producers, in order to get rid of
these yeasts and others microorganisms
which can decrease a fruit’s shelf life,
wash their fruits then recoat them with
approximately the same amount of
edible wax.
But here at the Lab we love wild yeast
and bacteria.

At the end of September the plum season was nearing an end in Denmark. We
received a box of pristine plums one day
from our plum lady in Sweden. The fruits were perfectly ripe – golden, blushed
with red, and, we assumed, covered with
natural wax and yeast.
Beeswax is something we have been
obsessed with for the last year or so.
We started using it to coat our venison
legs to keep them from losing moisture
while the long fermentation continued. We made an ice cream with it for
the dessert on our menu for Pestival.
Sometimes we keep some around just
to smell. Not only do we love it for its
wonderful aroma and ability to infuse
the food with a rich honey-like fragrance, but it also has the ability to seal a
product from the outside elements. The
protective barrier allows the product to
retain moisture and creates the conditions for anaerobic fermentation. With
preservation on our minds as winter
nears, we thought beeswax could serve
this purpose with our plums, enhancing

the function of the natural wax to keep
them even longer. The unwashed and
unblemished plums were dipped into
beeswax, sealed with their own microorganisms, and left to ferment.
Plums are delicate fruits. Their skin
breaks easily, and the stems often fall
off. To prevent both of these unwanted
occurrences, the wax temperature
should be as low as possible (beeswax
melting point being around 63°C) as
not to cook or break the plum’s skin. Additionally, it is best to select fruits with
a strong stem; this makes the dipping
process much easier. Hold the stem with
a pair of tweezers, dip the plum into the
wax, and as soon as the fruit is completely immersed lift it gently out. Keep
holding it with the tweezers, and wait
a couple of seconds until the wax turns
white. Dip again. This should be done 5
times in a row. Then, gently lay the plum
on its side and let it rest while you take
care of the others. This process should
be repeated about 6 times, for a total of
30 layers of wax.

The beeswax layer needs to be thick enough to prevent cracks and
leaks which lead to oxidation and a complete ruining of the plum
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In order to let the fruit ferment, we tied
them together with strings and stored
them in a dark and cool environment at
around 15°C.
Seven days seemed the ideal length of
time for these first plums. Cutting one
open began with a small hiss of gas,
more felt than heard; the open halves
revealed flesh bled with pink, softened
to a jam, studded with small bubbles
of CO2. The texture is soft, supple; the
aroma of beeswax suffused through
the skin. A mild hint of alcohol, a light
acidity, a sparkle of perfused gas. We ate
them with spoons, slurped them like
oysters, ate them with our hands.
We were thrilled with this wild success.
We needed to get more.
We went to Pometet, an orchard created
by the University of Copenhagen to
preserve and study Danish heirloom
fruit varieties, to select some plums
for experimentation. They were very
generous with us. We decided on eleven
different varieties of the ripest and
most delicious plums. One would truly
be amazed by the ecological and taste
diversity of apples, pears, plums, sour
cherries, gooseberries, and more that
can emerge from such a small country,
all of which are preserved on this one
plot of land.
Though most, like our first batch, reached their peak after one week, some
were ready after two, while others were
best after only 5 days and dropped off
from there. Some cracked open and
oxidised, and others never even really
happened. Some developed a bananalike flavour, while others gained a
plastic-like taste. Their initial differences
were made only more apparent through
this process – a huge diversity of sizes,
colours, flavours, and textures.
We conducted multiple tastings.
Their characteristics, summarised:

Bella de Septembre:
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very floral, pleasant

Giant:

delicate, sweet, soft

Botrytized (Victoria):

wine, bittersweet at the end, complex,
very thick and jammy, spreadable, very
interesting

Diamont Blomme:

pineapple, metallic, sharp, fibrous, not
very interesting, old supermarket plum
flavour, plastic taste

Dumiron:

prickly, over-ripe banana, unpleasant
because of size- not a lot of meat

Anna Spaht:

lots of bee wax flavour, tart, sharp, not
very sweet, flat

Ungar Svenske:

fibrous, bitter, oxidized, cherry flavours

Kraege:

pasty, grainy, lots of sediment, bitter,
boring

Buhler:

apple-y, not very appealing aesthetically,
sweet, fall harvest flavours, pruney,
meaty, very pleasant. Very small though,
not a lot of flesh.

Grand Duke:

sea urchin texture, velvety, jammy,
voluptuous, carbonated, very plummy,
sparkly, incredibly pleasant

Esslinger:

sparkling, sweet, soft finish
Even after testing this technique with a

variety of local plums, we still do not understand the process fully. It is likely the
fermentation is due to yeast: anaerobic
conditions, available sugars, presence
of alcohol and carbon dioxide. But
there could also be some bacteria. And
we have no idea what sorts of yeasts
are on which plums – this factor could
also be contributing to the differences
enhanced through the fermentation.
We also need to experiment more with
temperature conditions – if we keep
them very cool, could we extend the life
of the fruit and delay the peak for weeks
or months? Or even alter the microbial
ecology inside the wax sarcophagus?
What we do know, however, is that some
of them tasted ‘fucking delicious’ and
that we now have to wait until next year
to continue the research.
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Bog butter: a gastronomic perspective
October 30, 2013

By Ben Reade.
This paper was first published in
’Wrapped and Stuffed: Proceedings of
the Oxford Symposium on Food and
Cookery 2012’. The complete Proceedings
is available from Prospect Books; a video
recording of the presentation of this
paper can be found here (starting at 33
minutes), and a podcast about it here.
People dig for peat. Once dry, this peat
burns hot and lets off an evocative
smoke that brings to mind the cooking
and heating methods of yesteryear. The
peat-cutters harvest their quarry from
dark brown, water-logged quagmires.
Occasionally, these accidental archeologists discover artifacts left by people
long gone. One such artifact, among the
most commonly unearthed items from
the watery, misty bogs of Ireland and
Scotland, is known as ‘bog butter’. Due
to the frequency of these findings and
its mysterious nature, it has been fairly
well studied from an archaeological
perspective, perhaps the most thorough
investigation being that by Caroline
Earwood (1). In this study I will attempt
an exploration of the substance through
the eye of a chef and gastronome, combining available literary evidence with
our own practical research. We made
our own bog butter and subsequent
gastronomic analysis with the hope
that a new gastronomic perspective on
the topic would give us access to a more
pragmatic understanding of how and
why ancient peoples buried their butter.
Bog butter is butter that has been buried in a peat bog (2). It has occasionally
been confused with animal adipose
tissue (most commonly sheep tallow),
which has been preserved in the same
manner. Over 430 instances of bog butter have been recorded (3). Of these, 274
have been found in Scotland and Ireland
since 1817. These samples are well
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catalogued by Caroline Earwood. The
earliest discoveries are thought to come
from the Middle Iron Age (400-350
BC), though this does not exclude the
possibility of much more ancient roots.
More recently one firsthand account
tells of butter being buried for preservation in Co. Donegal 1850-60 (4). In 1892,
Rev. James O’Laverty, an advocate of the
argument that the butter was buried for
gastronomic reasons, dug some butter
into a ‘bog bank’ and left it for eight
months. His experiment was carried out
in much the same spirit as ours – for
analytical purposes and not for a cultural or preserving motive (5).
This paper aims, by making bog butter
using appropriately basic technology,
to explore why the boutyrophagoi, or
‘butter-eaters’, across Scotland, Ireland,
the Faeroe Islands, Finland and Norway,
as well as Kashmir, Assam and Morocco
have buried their butter, with special
focus on the Irish, Scottish and Scandinavian traditions (6). The aim of this
paper also extends to a discussion of
whether or not butter preserved by this
method can have a hedonic value for
today’s palates, and possibly some use in
contemporary cuisine.
Peat bogs are, by their nature, cold, wet
places; almost no oxygen circulates
in the millennia-old build-up of plant
material, which creates highly acidic
conditions (our site had a pH of 3.5).
Sphagnum moss bogs have remarkable
preservation properties, the mechanisms of which are poorly understood
(7). Early food preservation methods
have been researched extensively by Daniel C. Fisher, in relation to the preservation of meat. In an attempt to recreate
techniques used by paleoamericans in
North America, Fisher sunk various meats into a frozen pond and a peat bog.
A key finding from his research is that
after one year, bacterial counts on the

submerged meats were comparable to
control samples which had been left in
a freezer for the same amount of time
(8). In fact, suitable foods can probably
be aged in many types of soil: salt-rich
that will provide dehydration, very cold/
freezing that will freeze foods or slow
degradation, or, as in our case, anaerobic
and acidic conditions to prevent microbial action and oxidation. To our canny
ancestors, this preserving characteristic
provided an ideal place to bury foods (9).
Around two thirds of the bog butter
that has been discovered has come in a
container or wrapping of some description. These containers are varied; during
the spring and summer months when
butter was abundant, dairymaids probably used almost anything they could
for storage. The most common containers are wooden. These can be described
under the broad classifications of kegs,
churns, bowls, dishes, boxes, troughs,
methers, firkins and piggins (10). The
slowly evolving techniques of the
artisan can be seen in these containers
and until recently, dates were ascribed
to archeological examples of bog butter
in part on account of the workmanship
of the container. Willow baskets, staved
tubs, or bark wrappings have been used,
as have bladders, intestines, and skins or
woolen cloth (11).

The house of the Butter Vikings Patrik and
Zandra

BLOG POSTS

Buried foods around the world
banana bread (Ethiopia, banana dough),
buried eggs (China, eggs),
davuke (Fiji, bread fruit);
formaggio di Fossa (Italy, cheese);
ghee (India, clarified butter);
gravadlax (Scandinavia, salmon);
gubenkraut (Austria, cabbage);
hákarl (Greenland, Greenland shark);
igunaq (Inuit Arctic, walrus);
kiviak (Greenland, auks in a seal skin):
lutefisk (Scandinavia, white fish);
muktuk (Alaska, seal flipper);
reindeer’s stomach (Sápmi, Sweden,
stomach with contents);
rue tallow (Faroe Islands & Iceland,
sheep’s tallow);
sealskin poke (Alaska, meat/dried fish
with seal fat);
smen (Morocco, clarified butter);
surmjølk/myrmjølk (Norway, milk);
Many fermented foods are prepared
in fully or partially buried amphoras,
including wine in Armenia and soya
sauce in Korea.
Sometimes a combination of materials has been used, such as bark with a
bladder, or with a willow basket. One
example used a barrel bound in a deerskin to stow the butter into its peaty
hiding place (12). One particularly interesting find, discovered in Rosmoylan
(Co. Roscommon, Ireland) dates from
the late Iron Age. Within a two piece
barrel, the butter was surrounded with
plant fibers from sedge (Eriophphorum

vaginatum), bent grass (Agrostis sp.)
and the soft-textured moss, hypnum
(Hypnum cupressiforme) (13). All three
of these plants have a long history of
being used by people in mattresses and
bedding; the latter takes its name from
the Greek ‘hypnos’ meaning ‘sleep’. It
is rather poetic that dairymaids had
thought of these plants as appropriate
for protecting their butter. The butter
was wrapped up and made comfortable
before being laid down for a long sleep
in the bog.
Butter and other dairy products were
frequently used as a form of taxation
and rent (14). At Naas Castle in Sweden
where we conducted our experiment,
butter was a form of tax from the
construction of the castle in 1500 until
the end of the nineteenth century. One
early fifteenth-century manuscript
from Scotland, by the Rev. Dr. Archibald
Clerk, reports sixteen horse-loads of
butter and cheese being found hidden
or ‘laid-up’ near a tenant’s house (15).
Butter is valuable: for that reason alone
worth hiding, even more so in lawless
times. One author gives testimony that
treasures were buried inside fats, so
when bog butter was discovered it was

pierced from all directions to check for
valuables (16).
Butter had many uses. It could be used
for waterproofing fabric and also a
dwelling – one bog house has been
discovered where butter and sand
have been mixed together to make
watertight cement (17). It might also
have been used as a light source. Angus
Grant’s 1904 report tells that the found
butter was converted into candles but
as ‘the candles spluttered and crackled,
sending sparks of boiling tallow all
round…they were voted uncanny, and
promptly got rid of’ (18). So while there
are many suggestions as to why butter
was buried, I propose it was buried not
only for its obvious value as a commodity but also for some gastronomic
purpose.
While being buried during times of
plenty to keep for leaner times, the butter may also have increased its gastronomic value during its time underground. The fact that bog butter never
contains salt suggests that it may have
been buried to preserve it in times when
salt was scarce (19). During the warmer
summers, when rancidity would quickly
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take hold, burying may have not only
been a convenient way of preserving
butter but also of creating a luxury food
(20). As the Danish priest and topographer L.J. Debes said of the Faroese hoards
of buried tallow, ‘the longer it is kept
being so much the better’ (21). O’Laverty
wrote that the Irish buried their butter
to ‘sweeten it’ (22). He also suggests
that it was put into peat to mature it
and render it more nutritive (23). This
increased nutrition may be some kind
of representation in popular memory
of how stored butter could provide for
lean times, though it may also refer to a
palatable flavour or some biochemical
change within the butter itself which
renders it more nutritive. Testimonies of
bog butter tasting tend not to describe
it as rancid, but many liken the altered
fat to cheese. I had to make some to see
for myself.

The Experiment
From: The Irish Hiudibras (24)
But let his faith be good or bad,
In his house great plenty had,
Of burnt oat-bread, and butter found,
With Garlick mixt, in boggy ground,
So strong, a dog, with help of wind,
By scenting out, with ease might find:
And this they call the bravest meat,
That hungry mortals e’er did eat.
So it happened I was introduced to
Patrick Johansen, an artisanal butter
producer from Sweden. When I heard
of his interest in aged butters and
experimental butter with wild bacteria,
we got to talking. Soon afterward we set
to work creating some bog butter of our
own. Patrick lives surrounded by great
swaths of Swedish forest where elegant
birches and enormous oaks grow, interrupted only by the occasional lake and,
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conveniently, peat bog. His house is a
long way from anyone or anything; the
water supply is a well in the garden
and the only light from paraffin lamps.
Patrick learned to make world-class
butter from his grandmother, who in
turn had learned from the matriarchal
line before her. My approach dictated
that he decide how everything should
be done with the only limitation being
that no technology should be used that
was not available before the industrial
revolution.
On the snow-sprinkled morning of 8
April 2012 we embarked on making our
twenty-first-century bog butter. We decided that birch bark was to be our material of choice for crafting containers in
which to bury the butter. Using an old
iron axe we brought down a smooth,
tall, straight birch, the bark from which
we swiftly peeled. Birch bark unwraps
from the trunk with remarkable ease at
this time of year; it is soft and pliable yet
firm and strong. We peeled the bark and
sliced sections out of slightly smaller
parts of the tree to make tops and bottoms to our ‘barrels’.

Patrik and Zandra. Warlords.

TIMBER!!!

We had decided we should make some
smaller samples which could be dug
up sooner, and then a larger one which
will sit underground for some years. The
Irish Hudibras (1689) asserts that in Ireland, ‘butter to eat with their hog, was
seven years buried in a bog’ (25). Seven
years seems an appropriate length of
time for our butter to age.
Although the technology of butter
making has changed through the years,
the principles remain roughly the same.
Butter is made by souring cream, which
is then churned until it splits into its fat
(butter) and aqueous (butter-milk) phases. The solid butter is removed from the
liquid buttermilk, clumped together and
washed by kneading it in clean cold water – this removes excess milk solids and
buttermilk, thereby increasing the butter’s longevity. After washing until the
water runs clear, the butter is thrown.
This is a process of subjecting the butter

The birch is ’unwrapped’.

Cream is filtered trough a grass ’nest’.
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to some high impact (literally throwing
it against the table), which expels excess
water. Now you have butter. The whole
process with the latest technology takes
about fifteen seconds – for us, it took a
little longer.
In earlier times, after milk had been
left to stand to allow the cream to rise,
it would need to be filtered to remove
insects and dirt. Patrick tells me this
was often done through grass which, as
well as filtering, also supplied the cream
with ample lactic acid bacteria. The
cow’s teat, dairymaid’s hands, wooden
containers and tools would have also
provided plentiful souring bacteria.
Filtering could also have been done with
a piece of cloth, the advantage being
that at the end of the diary season the
cloth could be dried out, preserving
spore forming lactic acid bacteria to be
rehydrated and used to inoculate the
new batches the following dairy season
(non-spore forming bacteria would be
lost). For our experiment, in the absence
of a cloth from the previous season, we
chose to use a ‘nest’ of grass for filtering.
Then the cream was left to sour in a
small stone-walled hovel, sunken into
the hillside; the kind of dwelling that
early pastoralists might have used while
in summer pastures.
After souring, the cream must be
churned. Traditionally this might have
been done by filling a calf’s skin with
the soured cream and hanging it from
a wooden tripod or tree. The skin could
then be swung back and forth until the
cream split. Many bog butter samples
contain large quantities of cow hair,
suggesting that perhaps this method
of swinging and shaking in a cow skin
was often used (26). To avoid problems
of cow hair and in the absence of a calf’s
skin, we churned our cream by shaking
it in a large jar.
The butter was then washed to remove
the majority of butter milk. We did this
with fresh cold water from the well
in the garden – this is quite a simple
process of allowing water-soluble parts

to be washed out of the butter. Then we
removed a large amount of the water by
repeatedly picking up the lump of churned and washed butter and throwing
it down onto the table. Throwing is an
important step in the production of butter to be preserved, so we made sure to
do it thoroughly.
We had made four small containers
from birch bark and one from pine bark,
and we also adapted a large old willow
basket to hold a larger sample. In echo
of the Rosmoylan bog butter discovery
mentioned above we wrapped the
butter in hypnum moss, before stuffing
these moss-swaddled cylinders into our
birch bark barrels – a comfortable bed in
which our butter could sleep. Our willow
basket held a half-firkin (approx. 12.5 kg)
of butter, which was wrapped in a linen
apron before being placed in the basket.
It was important, as with historical bog
butter finds, that the upper surface of
the butter be entirely convex, in order
that no water collect and stagnate on
the top.
Downey et al. note that a large percentage of bog butter discoveries have been
made along historic boundary lines (27).
In 1892, James O’Laverty wrote that the
butter was dug into ‘bog-banks’, perhaps
another type of territorial confine (28).
Debes’s 1673 description of the Faroe
Islands describes how the preserved tallow or ‘rue tallow’ was buried in a ‘dike’
which certainly hints at a wall or embankment of some kind (29). There are
many reasons why this should be the
case, though it has largely been attributed to ritualistic motivations. I would
suggest it may also have been to leave
the food in a spot where people were
unlikely to dig, and where there was a
clear landmark. After looking for an appropriate bog to dig in we found a spot
in a sphagnum and birch tree bog. The
ground was soft enough to dig easily,
and the holes slowly filled up with acidic
bog water. We divided our containers
between two holes and buried them at
around 100cm below the surface. One of
these stashes was unearthed and tasted

three months after its burial (some notes on these tastings are found below).
The second hoard will be allowed to age
for a longer time, for seven years in echo
of The Irish Hudibras, or perhaps left
forever as some confusing archeology
for the future: ‘It may, therefore, be termed a hidden treasure, which rust doth
not consume, nor thieves steel away’, as
Debes wrote in 1673 (30).
Finally, after counting our steps back to
the path, we took a corner off a large
rock with the back of our axe. This palmof-your-hand-sized chunk of rock will
now serve as a key. For whoever returns
to dig up the butter, the stone key will fit
into the rock and the butter will rise up
from the bog.

Fresh water drawn from the well.
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The Results
At this point in time, five of our buried
containers have been unearthed and
tasted, and one remains in its peaty wallow. Tastings of three-month-aged bog
butter have been made at both Nordic
Food Lab in Copenhagen, Denmark and
at the Oxford Symposium on Food and
Cookery 2012 in Oxford, England. Various
conclusions can be drawn from these
tastings.
In its time underground the butter did
not go rancid, as one would expect butter of the same quality to do in a fridge
over the same time. The organoleptic
qualities of this product were too many
surprising, causing disgust in some and
enjoyment in others. The fat absorbs
a considerable amount of flavor from
its surroundings, gaining flavor notes
which were described primarily as ‘animal’ or ‘gamey’, ‘moss’, ‘funky’, ‘pungent’,
and ‘salami’. These characteristics are
certainly far-flung from the creamy
acidity of a freshly made cultured
butter, but have been found useful in
the kitchen especially with strong and
pungent dishes, in a similar manner to
aged ghee.
As I worked with Patrick to make this
bog-butter I noticed that all he ate all
day was the butter itself. This, he said,
is common among butter makers. A walnut sized lump will keep one sustained
all day. If we consider ancient dairy based economies, many people may have
gone all day eating only butter quite
frequently. Occasionally it would be
consumed on an oatcake, or with a piece
of meat or fish, but often on its own. In
times where transhumance brought
people to relatively isolated and exposed
locations, time spent inside with a fire
to keep warm, along with infrequent
washing and living space shared with
their animals, may well have meant that
stronger foods became more desirable,
as they had some character that stood
out from the already ripe surroundings.
Taste is to a large extent culturally
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defined, and modern tastes have been
shaped by myriad modern factors that
cannot be removed from the equation.
When we taste this altered butter a the
2012 Oxford Symposium on Food and
Cookery, we had to use some imagination. As O’Laverty wrote of his own bog
butter experiment in the late nineteenth century, ‘for my own taste I would
prefer butter cured in the modern way,
but I have no doubt that usage would
confer an acquired taste’ (31).

[update by Josh 29.10.13] –

This past weekend, Guillemette and I
took a trip up to Floda to visit Patrik and
Zandra and make some butter together.
We also used it as an opportunity to
check up with the bog butter. The rainy
Saturday afternoon saw us following
the same path through the woods,
finding the rock with the missing corner,
and descending off the road down into
the bog. Once we located the clearing
with the buried treasure, we dug up
the main deposit for a taste. It is still
mossy, green, and earthy – maybe it was
the fact that we were also wet, a little
smelly, and surrounded by the moss like
the thing itself, but the butter, eaten
with muddy hands in the clearing in the
bog, tasted really good.
The butter is now 1 year, 6 months, 3
weeks old, and counting.
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Wood for food: a primer on pyrolysis
November 5, 2013

By Guillemette Barthouil.

Overview
Smoking is valued nowadays not only
for preserving food, but also as a distinct
set of flavours that can reflect the
landscape of the region. Pyrolysis, the
thermochemical decomposition of organic matter, breaks apart the three main
components of wood: cellulose, hemicellulose and lignin. Each influences the
colour, flavour, preservation and surface
texture of the food – this information is
summarized in Figure 4 below. Controlling pyrolysis is the key know-how
involved in good smoking. Overall, for
best results the wood moisture should
be lower then 25% and its combustion
temperature around 400°C.
___________________________________
“Smoking is one of the oldest food
preservation methods, probably having
arisen shortly after the development of
cooking with fire.” (Encyclopedia Brittanica)
Most articles I have read for this
research have started with the same
statement. Humanity has used this
technique for so long, it seems rather
strange to try to explain it – but that is
our job. All chefs know one has to understand a product or technique in order to
make the most out of it. We use some
scientific knowledge to enhance the desired, latent characteristics of a product,
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with the goal of better understanding
how traditional knowledge could have
been cultivated in a geographic area.
And smoking is a great example.
The food history of the Nordic countries
is particularly characterised by a ‘storage
economy’ – a concept applicable to most
parts of the world with seasons, here
emphasised by the extreme climate.
Most processes that we study -– drying,
salting, smoking, fermenting, and others
– were indispensable in these conditions. By increasing heat and lowering
humidity, smoking enabled food to dry
up more quickly, preserving it for long
periods of time.
In the past decades, the taste for salted,
dried and fermented food has shifted
toward fresher food, gravlax being a
good example. The taste for smoked products, however, has remained. Smoking
is now not only important for preserving
food, it is a valued flavor that can reflect
the landscape of the region. Smoking in
time and place depends on many things:
the seasonal fish available, the smoking
technique and temperature used – for
cold smoking, the temperature drops
the further north you go – and most
importantly, the type of wood. Trees
are part of the landscape before they
become an essential component of the
product’s taste. Alder trees growing in
humid areas have been used along the
west coastline of Norway and on the island of Bornholm in the Baltic; birch is a

typical flavor from mountainous zones;
dried manure is still used in the windy
and harsh Icelandic land since trees and
shrubs are in short supply; this list could
go on. Understanding these traditions
allows us to think of other flavors that
could emerge from a specific land as
we come to know it. Gaining a deeper
understanding of wood pyrolysis and
the science of smoke will also help us in
our choices.
Smoke is not a simple gas. It is a mixture
of three state of matter: an aerosol
of solid particles, liquid drops and
vaporized chemicals. These vaporized
chemicals only count for 10% of the
volume but do more then 90% of the
job. And as you might have guessed, the
composition of the smoke depends on
the nature of the burning fuel and the
conditions of combustion.
Pyrolysis is a thermochemical decomposition of organic matter brought
about by high temperatures. To produce
quality smoke the wood should undergo
an incomplete combustion of organic
materials in the presence of limited
oxygen and medium temperature.
Wood consists of three primary materials. The wood’s cell wall is composed of
micro-fibrils of cellulose (40 to 50%) and
hemicellulose (15 to 25%) impregnated
with lignin (15 to 30%).
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Cellulose is a carbohydrate polymer - a linear chain of D-glucose (between 15 to 15000) which forms the framework and the substance
of all plant cell walls.

Figure 2 – Cellulose

Hemicellulose is a matrix of polysaccharides present along cellulose is almost
all plant walls. It differs from cellulose
in that hemicellulose is a shorter chain
branched polymer with low molecular
weight. While cellulose is composed
only of glucose, hemicellulose can include other sugars like xylose, mannose
(both found predominantly in hardwood
trees), galactose (in softwood trees),
rhamnose and arabinose. Though both
aggregates of different sugars, cellulose
and hemicellulose break down into
similar molecules during the incomplete
combustion.
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Lignin provides compressional strength
to the cell wall, unlike the flexible
strength conferred by cellulose. Without
lignin, terrestrial plants probably could
not have reached the sizes they do
today, as cellulose by itself does not
provide enough resistance to gravity. It is
made of intricately interlocked phenolic
molecules – essentially rings of carbon
atoms with various additional chemical
group attached – and its one of the
most complex known natural substances. The higher the lignin content of
wood, the harder it is and the hotter
it burns: its combustion releases 50%

more heat than cellulose.
The sugar in cellulose and hemicellulose breaks apart into many of the
same molecules found in caramel. They
are carbonyl molecules that react with
amino acids and sugars to create a
Maillard-type reaction that generates
new flavours and yellow to dark brown
color. During pyrolysis, sweet maltitols,
bread-like aroma from furans, nutty
lactones, and other volatile molecules
are produced. All together they soften
the heavy phenolic compounds.

The interlocked phenolic rings of lignin
break apart from each other into smaller, volatile phenols and other molecules which most often have specific
aromas. The most distinctive ones are
isoeugenols, one of the main flavour
component of clove, creosols that bring
peat notes, vanillin that smells as it
sounds, guaiacols contributing to the
general spiciness.
The smoke has many other effects due
to many different chemicals broken
apart during the pyrolysis. The following
table tries to summarise them.

Figure 4 – Effects and mechanisms of pyrolysis

As you might have noticed in the ‘notes’
column, capturing the desired smoking
effects depends mainly on the wood
humidity and the smouldering temperature. Controlling the pyrolysis is the key
know-how of a good smoker. Freshly-cut
wood contains 40-60% moisture which
is not suitable for smoking. A good
wood containing less than 25% moisture
is preferred. Professionals agree that the
combustion temperature is best around
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400°C. Higher than this, the flavour
molecules are broken down into simpler,
harsh, or flavourless molecules. Lower
pyrolysis – under 200°C – degrades
cellulose and hemicellulose into acetic,
formic and other acids. These acids play
an important preservative role but they
also make the food taste acrid at high
levels. High lignin woods require special
attention since they burn too hot unless
their combustion is slowed by restricted

airflow or higher moisture.
Controlling the smouldering temperature is not only important for flavours,
it influences the PAH concentration.
Polycyclic Aromatic Hydrocarbons (PAHs)
are formed in incomplete combustion
processes, which occur whenever wood,
coal or oil are burnt. Particular attention
has been paid to the highly carcinogenic benzo[a]pyrene (BaP). A number of
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studies on smoked foods reveals that
the highest levels of PAHs are found in
products from traditional kilns that use
smouldering wood or sawdust. In such
kilns the combustion temperature is difficult to control and is usually very high.
Toth and Blaas (1972) found that there
is a linear rise in the concentrations of
BaP and other PAHs in the smoke phase
between smoke production temperatures of 400 - 1000 °C. These traditional techniques are often considered
synonymous with ‘quality’ and ‘authenticity’.... so what should we do then? Eat
industrially-smoked products because
they are ‘more healthy’? My personal

choice will always go toward taste but
this does not mean we cannot adapt
traditions to make the best of both
kinds of knowledge. It has for example
been proven that both cold-smoked and
hot-smoked fish by an external smoke
generator had lower PAH content.
Moreover a Danish study reported that
a cold-smoked fish has a lower BaP
concentration then hot-smoked ones.
In order to diminish the contamination
of smoked products by PAH, the clear
recommendation is to use indirect
smoking, preferably cold smoke, and to
maintain your smouldering temperature
around 400°C.

These conclusions stimulated me to
experiment a little.
Hot-smoked fishes are nowadays more
popular in Scandinavia then coldsmoked ones, mackerel being the most
consumed. How could we achieve this
same taste without hot-smoking the
fish and keeping the PAH low? Hotsmoking occurs within the range of 52°C
to 80°C. At this temperature food cooks
while smoking. I therefore decided to
cook the fish first in our combi oven and
then cold-smoke it.

Figure 5 – Smouldering temperatures

Cold-smoked mackerel
For very fresh mackerel of around 400 g.
Gut them and brine them 8 h at 4°C in a
solution of 20% salt of the total.
The aim is to reach a salt content of 3%
in the fish … like the salinity of seawater
in the Atlantic ocean...
Remove fish from the brine and place on
a perforated tray.
Cook them in the oven at 70°C with 60%
humidity.

Program your combi oven so when the
core temperature reach 59°C the oven
stops.
Take them out of the oven and cool
them down in the blast freezer until
they reach 4°C.
Cold smoke them for about 24h. We
used beech wood but many other options are possible.
One of the great thing about this
technique is that you can accurately
control cooking temperature and humidity, things that are difficult with a hotsmoker. This control ensures the smoke

flavours stay light and delicate, a taste
certainly more suited to a contemporary
palate.
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Move Over Wine
November 12, 2013
By Avery McGuire
Over the last decade Nordic cuisine has
been evolving rapidly. Many chefs have
turned to the landscape for inspiration,
rediscovering the diversity of wild and
forgotten foods and using them to
create distinct expressions of time and
place. Yet while the food on the plate is
a clear indication of the season and region, the drink in the glass often reflects
distant terroirs and far-off cultures. Why
is there this growing contrast between
the cultural and geographical characteristics of food and drink, especially in
the restaurant setting? We dove into the
books and conducted interviews with
sommeliers from around the Nordic
region to try to answer this question.

Wet and dry
Due to differences in geographical
climate, already in the 16th century
there was a clear division between the
food and beverage cultures of Northern
and Southern Europe. Milk, meat, butter,
and beer characterized the cold climate
and forested landscape of the north,
while the warmer south was known for
its bread, olive oil, and wine (Montinari
2006). The foodways of these regions
were built around the ingredients
available, hence the strong geographic
correlation with the consumption of
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different beverages. Yet this contrast in
drinking habits is not based on climate
and geography alone. Drinks are classified in terms of their social meanings;
no alcoholic drink is ‘socially neutral’:
every drink is loaded with symbolic meaning and every drink conveys a message
about its consumer, the occasion, and
the location (SIRC 1998). Cultural practices around both wine and beer, and
their emergent associations with social
status, have reinforced the contrast between wine and beer drinking cultures.
Mack P. Holt characterizes this cultural
division into ‘wet’ and ‘dry’ drinking
cultures. In Southern Europe where a
‘wet’ drinking culture persists, “drinking is a part of daily life and alcohol is
consumed with meals on a regular basis
as a form of sociability as well as a vital
element to commensality.” (Holt 2006).
Meanwhile, in the ‘dry’ drinking culture
of Northern Europe, “drinking alcohol is
perceived as something less connected
with meal time and more associated
with drinking in taverns, pubs, or beer
halls.” (Holt 2006) In other words,
the general and perhaps misguided
understanding was that ‘wining’ was for
‘dining’, while ‘beering’ was for ‘cheering’.
Despite the many different circumstances in which beer is celebrated and
bears cultural and social significance in
Scandinavia, the overwhelming associa-

tion of beer with informal occasions has
also diluted its perceived significance
and value. We are not trying to suggest
that beer was never important – it has
carried great cultural significance for
centuries; rather, it has not been specifically valued as part of restaurant culture
in Scandinavia, especially in the last
half-century, to the same extent as wine.
The status of beer is and has been at
a disadvantage for decades, which
perhaps stems from the drink’s complex
history. Looking back to the medieval
times weak and low-proof beer was
consumed frequently by both children
and adults, and for good reason. The purification of water that happens during
the brewing process killed off numerous
harmful bacteria therefore preventing
many water-borne illnesses. Beer was
the safe way to quench one’s thirst. Individual families, for their own consumption, brewed weaker beer, while stronger
beers were brewed for festivals and
celebratory occasions. It may have partly
been this necessity to drink beer for
hydration that limited the image of the
Nordic beer-drinking culture. Yet beer
has a much richer cultural heritage than
this element of the past suggests; it has
significant value in Scandinavian society,
which can and should be restored.

Roles of alcohol in society
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a unique story to tell, and can be made
using high quality, local, or wild ingredients giving it a complex, unique flavour
profile. These factors contribute to its
uniqueness, which can be harnessed to
generate gastronomic value.

Experimental hops tasting

Wild hops in Copenhagen

In almost every society consuming alcohol is a social act; it does not take place
‘just anywhere’, and most cultures have
designated environments for communal
drinking. Subsequently one’s choice of
beverage becomes a significant indicator of one’s status, serving as a declaration of membership to a particular group,
generation, class, sub-culture, or nation
(SIRC 1998).

‘conspicuous’ product consumption in
which Danes identified themselves with
particular brands that had symbolic and
social significance” (Blocker et al. 2003).
Certain beers have become associated
with the working classes, while other
“better, stronger and tastier” ones have
gained reputations as first-class beers,
associated with intellectuals and welloff members of Danish society. Simply
put, “drinking the[se] products [came to
be] interpreted as expressing identification with the ‘quality’ of Danish culture”
(ibid.).

In the wine-drinking cultures of the
south, wine is seen on a sliding scale.
There are the inexpensive table wines,
cultural icons present on every table.
While this wine is not necessarily highly
regarded for its taste, it plays an important role in the cultural understanding
of eating and drinking as a communal
act. Many dining experiences, especially
when dining out, deserve a wine of a
higher caliber; these wines are often
more complex, and crafted with precision and care. It is largely these highly
appreciated wines that have lead to the
perceived superiority of wine in general.
The northern beer culture, however, has
the potential to achieve this same gradation, from everyday beers to greatly
appreciated craft brews appropriate for
fine dining, and in fact, elements of this
already exist.
As Blocker notes: “Beer – and especially branded beer – became a form of

Value and access
Wine was (and still is) regarded as
something complex, requiring study and
therefore accessible to and understood
by only a select few. Beer, on the other
hand, is often regarded as cheap, filling,
less profound, and more accessible. This
perceived ease of access – both economic and aesthetic – may have reduced
beer’s potential for high value, yet these
preconceived ideas about beer are starting to change; many are rediscovering
beer’s complexity, history, and value, and
seek to share this knowledge.
Quality of ingredients, locality, and storytelling all contribute to the perceived
prestige of any food product, including
beer. It can be rich with history or have

In addition to these factors, value is
often enhanced by scarcity, which is
partly why wine and champagne are
more valued than milk or water (aside
from their complex craft). The aging process that some wines undergo is partly
responsible for this – the product will
often be consumed over the course of its
aging, thus yielding a product of greater
and greater scarcity. This increase in
value with time can also be applied to
beer: ”certain beers, kept properly, will
improve and deepen with age, becoming increasingly complex and even
profound.” (Oliver 2012) Unique beers
served only in selected restaurants and
specialty bars can gain a different type
of value and appreciation from those
served at every local pub and sports bar.
The context of the product is an important part of its value.

Craft
This shift to valuing diversity and
uniqueness in beer is already occurring
both culturally and commercially. Microbreweries have been popping up across
the globe and people are regaining an
interest in exploring beer’s potential.
Today’s craft or gourmet beer market seems to be driven mainly by two different
approaches to brewing. One approach is
to intensify certain parts of the process,
brewing bigger, bolder beers like triple
IPAs and double stouts. The other approach is to focus on the history of a
region, pulling the past into the present
by working with rare, wild and/or native
ingredients and traditional or forgotten
techniques to give the beers unique
characteristics. These elements are what
give craft beers their edge, setting them
apart from the beer one finds in most
pubs and corner stores.
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Bottles
It is a well-known fact that the bottle
and label have a great impact on how
its contents are perceived and valued.
Many of the higher-end beers currently on the market are sold in larger
bottles, a clear strategy to signify quality.
Perhaps more interesting though is the
difference in attitude and sentiment
conditioned by the bottle size. The size
of a wine bottle lends itself to sharing,
inviting a sense of commensality to its
consumption. Most beer bottles, on the
other hand, are designed for a single
drinker, and this implicit individualism
draws the focus away from a shared
dining experience – even if everyone is
drinking the same type of beer. A further
significance of bottle size has to do with
aging potential: the larger the bottle,
the lower the contents’ proportional
exposure to oxygen, thus enabling a
longer aging process. ”As with ageworthy wines, beers that are destined to
be beautiful after ten years or more of
bottle age will tend to first experience
a tough, inexpressive, and disjointed
youth.” (Oliver 2012) Some beers, such as
Chimay, have traditionally been aged in
Jeroboams; yet there seems to be much
more documented knowledge on aging
wine than beer. An interesting direction
for aspiring breweries to take, then,
would be to increase bottle size, both
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to gesture to this commensality and to
open up experimentation with aging.

More drink
Nordic cuisine has come a long way in
revalorizing what used to be considered
the least valuable of ingredients: weeds,
seconds, and plants formerly inedible.
It accomplished this by focusing on the
diversity of flavours and techniques
available to unlock new or forgotten
forms of deliciousness. This attitude
broke down the perceived inferiority of
Nordic food, and it has the ability to do
the same with beverages. As one of our
interviewees stated, “New Nordic cuisine
(if you want to call it that) says we are
free to do what we want, there are no
rules and no strings attached, therefore
we can do our own version of what we
think a Scandinavian beverage paring
should be.”
Move over wine – beer deserves a place
at the table.
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Vinegar Science pt. 1: On Flavour & Vinegar
as a Process
December 15, 2013
By Arielle Johnson

Overview
Acetic bacteria + Alcoholic liquid + Air =
Vinegar
Producing vinegar is an exploration of
the ways in which raw ingredients and
microbial populations interact to produce interesting, delicious, and complex
flavours. In this first post of a five-post
mini-series on vinegar, we give a brief
overview of the fermentation process
and the ways that acetic bacteria preserve, transform, and deepen flavours
through manipulation on their environment. The essential components of a
vinegar fermentation are a liquid that
is somewhat acidic and contains ethyl
alcohol (between 5 and 18% by volume),
acetic bacteria, and oxygen. The mixture
can be aerated passively or actively. The
passive method is more traditional – all
other things equal, the ratio of surface
area to volume determines the rate of
the fermentation. The active method
involves aerating the mixture with a
device like an aquarium pump, which
can complete the fermentation in 4-5
days, or an industrial vinegar tank which
can produce finished vinegar in a matter
of hours.
___________________________________
This mini-series of posts, of which this
is the first of five, focuses on vinegar.
A reasonable first question is: “why
experiment with making vinegar in the
first place?”
One of our stated goals is “to explore
the building blocks of Nordic cuisine,
investigating old and new raw materials
and techniques, developing knowledge
and ideas for the Nordic region and the
world.”

Some of our main explorative activities
are:
Exploration of ingredients: Investigating
new and old Scandinavian ingredients
(Scandinavian by virtue of growing or
occurring in the region, or being part of
the region’s culinary memory) and their
various uses – both immediate uses and
uses enabled by processing.
Exploration of process: Looking into the
history of fermentation, especially as historical ethnomicrobiology, and figuring
out how its processes can be applied to
novel ingredients.

then analyzing them with sensory and
chemical profiling techniques. Through
this method we hope to learn what, systematically, is going on when we make
vinegar, how the process is best applied
to the ingredients we have access to,
and how to incorporate knowledge
about flavour chemistry into a working,
intuitive understanding of flavour – as
well as more broadly to increase the
working dialogue between culinary and
scientific approaches to research and
development.

Exploration of flavour: expanding both
the lexicon and the grammar of flavours
we have to work with in the kitchen.
In other words, both the range of
flavours we have to work with, and our
understanding of how they can be put
together. Borrowing the terminology of
the arts this can also be though of as a
palette and an aesthetic.
Making vinegar is a synthesis of these
threads of exploration: as a process, it is
applicable to a wide range of ingredients and transforms their flavour while
retaining their essence. It also creates
acidity, which, when working with local
ingredients in a climate that doesn’t
produce citrus fruits, is something we
appreciate.
The backbone of vinegar-making is:
acetic bacteria + alcoholic liquid + air =
vinegar
In the past the Nordic Food Lab has
done several experiments with rapid
prototyping of non-traditional vinegars.
We have taken this iterative process
a step further, developing vinegars
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Microbiology & Technique
At Nordic Food Lab we draw on processes from around the world that make
use of microbes, especially fungi and
bacteria, to transform, preserve, and
deepen flavours. Each strain of microbe
consumes and lives on a different food
source (also called a substrate) which it
metabolizes into substances like alcohol,
sugar, lactic acid, and aromatic compounds, and requires specific atmospheric conditions, such as the presence or
absence of oxygen, to survive.
The microbes of greatest interest
for vinegar-making, acetic bacteria,
consume ethyl alcohol and oxygen and
produce the tart, volatile acetic acid that
gives vinegar its distinct taste. These
naturally abundant bacteria sometimes
ferment alcoholic liquids spontaneously
into vinegar without human intervention, as can sometimes happen in
wineries when barrels turn ‘bad’. We can
also take advantage of the bacteria’s
willingness to ferment, by creating the
acidic, alcoholic, aerated conditions that
they will thrive in – generally by adding
a portion of raw or unpasteurized vinegar as a starter to an alcoholic liquid and
exposing it to oxygen – to create vinegar
intentionally.
Often the creation of new foods, especially those that require fermentation,
begins with looking at the microbiology of older foods – in this instance,
traditional grape vinegars – and figuring
out which conditions and parts of the
process (like salinity, acidity, oxygenation
and ratio of exposed surface area to volume) are most essential, and applying
these in novel ways that may not be
immediately obvious.
Practically and empirically speaking,
the essential components of a vinegar fermentation are a liquid that is
somewhat acidic and contains ethyl
alcohol (between 5 and 18% by volume),
acetic bacteria, and oxygen.
Unlike lactic fermentation (see here,
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here, here, and here), which occurs best
in low-oxygen environments such as
under brine or in a container sealed
with an airlock, acetic bacteria need
oxygen to do their work. We can aerate
vinegar passively, by simply exposing
the fermentation vessel to air, usually
with a cloth of some kind over the top to
keep insects out, and achieve a finished
vinegar in 1 to 4 months.
Vinegar can be produced even faster if it
is actively aerated. Some industrial producers accomplish this by pumping the
proto-vinegar through loosely packed
woodchips, which, because of their large

surface area exposed to the air, facilitate
full fermentation in just a few days.
Other approaches use a turbine-like
structure to force air through a large
tank and can turn alcoholic liquids into
vinegar in 20 hours or less.
Next Up: How we use fast fermentation
techniques to rapid-prototype vinegars,
and what we use to make them.
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Vinegar Science pt. 2: Seasonal Summer
Vinegars – A Rapid Approach
December 20, 2013
By Arielle Johnson

Overview
Alcoholic liquids are usually created by
allowing yeast to ferment a sugar-rich
solution (juice, syrup, etc.). By using
distilled spirits, however, we are able to
create dilute alcoholic solutions (usually
between 5 and 9 percent ethanol by
volume) using ingredients that are not
usually rich enough in sugar to ferment
into an alcoholic product. This post, part
two of a five-part miniseries on vinegar
science, details how this idea can be
combined with a few simple pieces of
readily available equipment that enable
us to speed up the rate of aeration of
the fermenting vinegar, to create interesting vinegars out of wines, juices, and
teas much more quickly than traditional
methods.
___________________________________
As part of our investigation into new
and delicious vinegars, we wanted to
experiment with fresh and seasonal
summer ingredients, but didn’t want
to wait too long to evaluate the results.
An aquarium bubbler with an airstone,
we discovered, could make a batch of
vinegar in around 3-6 days. We used six
1.5 L/min pumps to run six experiments
simultaneously. It is also possible to use
a manifold, which divides the airflow
into several parallel paths, to run several
airstones off of one pump (economizing
on equipment), but bear in mind that
the pressure feeding to each stone will
be reduced, which will slow down the
fermentation.
[ADDED BY BEN: It is also worth bearing
in mind that an airstone producing
smaller bubbles will dissolve more
oxygen, and the deeper the container,
the more liquid the bubbles must rise

through, which also dissolves more
oxygen – and the more dissolved oxygen
available to the acetic acid bacteria, the
faster the process.]

Acetic Bacteria and Acidic Liquid
For each batch of vinegar we added 20%
by volume of a finished vinegar (either
vinegar that we had made, or unpasteurized commercial vinegar), to provide a
dose of acetic bacteria and an acidified
environment for these bacteria to grow
in. When possible we add a vinegar with
a complementary flavour – for example
a previously-made celery vinegar to a
new celery vinegar. When this is not
possible, we use a high-quality apple
vinegar which is our go-to on the boat.

Alcohol and Flavour Sources
We wanted to cast a wide net when
testing primary ingredients and flavours,
so we investigated applying vinegar fermentation to yeast-fermented liquids,
juices with alcohol added, and other
ingredients that are highly flavoured
but not juicy. In theory, the alcohol in
vinegar fermentation can come from
any source, so we have experimented
with adding alcohol straight to liquids
that don’t contain enough of their own
sugar to be fermented by yeast, which
we then ferment with acetic bacteria.
Based on our experience, a starting
alcohol content of 5-9% tends to work
well to make a fairly versatile vinegar,
best-suited to flavouring rather than,
say, pickling purposes.

Wines
We also experimented with using a
more traditional fermentation process
on sweet ingredients. We made wines
out of beets, strawberries, and elder-

flowers, drawing on some background
information from Boulton et al’s Principles and Practices of Winemaking and
Jonathan Musther’s excellent website
Vinocalc to calculate how much sugar
we would need to start in order to reach
5-9% ethanol at the end of the fermentation. 13 degrees brix (13% sugar by
weight) will give us about 7% ethanol
if we ferment it to dryness (i.e. little to
no residual sugar) which is right in the
middle of this range, and therefore what
we aimed for. With the elderflowers, this
meant infusing them into a 13% sugar
syrup (lightly acidified with citric acid
to lower the initial pH and stabilise the
fermentation) to make a dry elderflower wine. Neither strawberry nor beet
juice had this level of sugar – both were
around 8˚ brix – so we split the juice for
each and cooked down half to about 1/4
of its original volume, then recombined
it with the remaining fresh juice to get
a sweeter product that preserved the
fresh aroma of the produce. Then, we
gave each a dose of champagne yeast
and sealed them in containers with an
airlock, to ferment until dry.
While the elderflower and the strawberry wines fermented successfully, the
beet wine had a bloom of surface mold
or yeast called mycoderma, or ‘flowers of
wine’, which had the unfortunate effect
of producing quite a bit of ethyl acetate,
like the aroma of nail polish. Although
we were able to scrape the bloom off
and transfer the wine to a new, sanitized container, it soon returned and we
were forced to abandon the attempt.
Perhaps we had an acidity issue – not
enough acid/too high a pH can lead
to all kinds of unwanted microbial
growth problems, and while we tried to
compensate for the natural alkalinity of
beet juice by adding tartaric acid [i], this
may not have been precaution enough.
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Or maybe we were just unlucky in this
instance. In any case, watch out for that
beet wine if you try to make it.
[ADDED BY JOSH: One of our readers
recently sent us a comment in which
she describes a method of achieving
beet flavour in fermented liquids
without getting mycoderma. She used
whole peeled beetroots to infuse into a
simple kombucha base, yielding a fizzy
pink drink with prominent beet flavour.
This technique could also presumably
be used to make beet vinegar without
a mycoderma interrupting the fermentation, perhaps infusing into a neutral
unfermented vinegar base (such as 73%
water, 20% live apple vinegar, and 7%
ethanol) prior to active aeration.]

Juices
Some of the flavours we hoped to capture in vinegar come from plants that
don’t produce much sugar. Rather than
making wine we used the rapid-prototyping technique described above, juicing
produce and adding high-proof grain
alcohol to reach a level of 6-7% ethanol
overall. We juiced celery, rhubarb, white
asparagus and green asparagus that we
left to ferment in the previously mentioned aquarium-bubbler system.

Teas
Other flavours and aromas from the
Nordic region we are particularly interested in do not lend themselves to easy
juicing in their natural form. Liquorice,
in candy form, is extremely popular
in Denmark, but the dry and woody
texture of whole liquorice roots make
them difficult to work with. Pine needles
have an intense and complex scent,
but mature needles present textural
challenges. In both cases, and for a lot of
other strongly-flavoured herbs, juicing
and adding alcohol isn’t an option for
capturing flavour in vinegar as they
have very little water content. So instead
we made very gently-cooked ‘teas’ by
blending these ingredients (pine needles, liquorice roots) to a paste/powder
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in a Thermomix and heating this with
water at 60°C for two hours, giving us
an intense but not over-extracted or
bitter-tasting infusion.[ii] Once the teas
were finished, we treated them like pressed juices, adding ethanol and vinegar
starter and aerating.
Next up: once we have vinegars, we can
do a sensory analysis of their flavours.
[i]
Tartaric acid is the main acid in
grapes. It is an organic acid like citric,
malic, ascorbic, or lactic acid. Interestingly, while malic and citric acid can be con-

verted by some types of lactic bacteria
into lactic acid with some buttery-smelling side products, tartaric acid cannot,
and this non-bioavailability to bacteria
means it is microbially stable. So, in the
interest of reducing interference from
side reactions, I used tartaric rather than
citric or malic to acidify the beet juice.
[ii]
Liquorice root will break down
in the Thermomix but is pretty hard
on the blade. So expect to get more of
a coarse, splintery sawdust than a fine
powder.
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Koji – history and process
December 23, 2013

By Josh Evans

Koji (koji in Japanese, qu in Chinese,
nurukgyun in Korean) is a culture made
by growing different fungi on cooked
grains or legumes in a warm, humid
place (Shurtleff & Aoyagi 2012). The
koji moulds produce many enzymes,
including amylases, proteases, lipases,
and tanninase, that break down (hydrolyse) macromolecules like starches,
proteins, and fats into their constituent
parts, such as dextrin, glucose, peptides,
amino acids, and fatty acid chains (Chen
et al. 2008). These simpler substrates
provide nutrition for cultures of yeasts
and bacteria that come in subsequent
fermentation stages (Mheen 1972). The
cultures are ancient technologies used
to produce a variety of fermented food
products, including soy sauces, jiang/
miso, fermented black soybeans, and
grain-based wines like sake, amazake,
and li (Shurtleff & Aoyagi 2012). The
most frequently occurring microorganism found in koji production is the
fungus Aspergillus oryzae, but there are
others that also occur, including A. sojae,
A. usami, A. awamori, A. kawachii, Rhizopus spp., Monascus spp., Mucor spp., and
Absidia spp. (Murooka & Yamshita 2008;
Chen et al 2008).

cultures, and a variety of substrates.
This diversity can make mapping the
relationships between the different
analogues tricky. For example, in English
the term ‘koji’ has come to stand for all
members of the family of grain-based
saccharifying fermentations involving
A. oryzae and related organisms, even
though the Japanese word koji refers
to only one subset of the larger group
of more or less loosely related cultural
analogues. Korean nuruk, for example is
used for making rice wine, while meju
is the one used for protein-rich fermentations. Chinese qu alone encompasses
a breadth of fermentations involving
different substrates such as rice, sorghum, wheat, barley, peas, or soybeans,
different microbial species of the genera
Aspergillus spp., Rhizopus spp., Monascus spp., Mucor spp., and Absidia
spp., and different techniques such as
keeping mixed cultures, using various
wild sources for microbes, and making
the qu in loose or different pressed
forms (Chen et al 2008). This diversity
is in turn spread across widely different
geographical areas. We generally use
the Japanese word ‘koji’ to refer more
broadly to the class of grain-based saccharifying fermentations involving A.
oryzae, while recognizing the multitude
of both different traditions and words
used to describe them – this decision is
mainly due to the historical introduction
of the concept and word into English
from the Japanese, as well as our process with koji-making starting with an
eye to exploring Japanese fermentation
traditions; since then, we have begun
exploring some Korean and Chinese
techniques as well.

There is a diversity of methods for koji
or qu production around East Asia,
using different microorganisms, wild
or inoculated sources, mixed or pure

To illustrate the point, here are a few
examples of different qu preparations:
Hong qu – also known as ‘red yeast rice’
or ‘red fermented rice’, fermented with

Koji is our lifeblood. It is the basis of
many of our fermentation experiments, the functional backbone of our
pursuit for diverse flavours and umami
taste. This post reviews its cultural and
evolutionary history, and describes our
technique for producing koji at the lab.

The basics
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Monascus spp., in loose form
Xiao qu – from south China, made with
rice and rice chaff, fermented with Rhizopus spp., pressed into an egg-shaped
form
Mai qu – from north China, made with
wheat, fermented with Aspergillus spp.,
pressed into a brick-shaped form
Da qu – derived from Mai qu, made with
barley, wheat, and peas, fermented with
Mucor spp. and Rhizopus spp., pressed
into a brick
Da qu with red core – fermented with
Mucor spp. and Absidia spp. (dominant),
Rhizopus spp. and Aspergillus spp. (less
dominant), and Monascus spp. (minority), used especially in the production of
Shanxi aged vinegar
Fu qu – a more recent type, made with
wheat bran, fermented with pure cultures of Aspergillus oryzae
Regardless of the diversity of its forms,
the solid-state cultivation of A. oryzae
seems to be the key to inducing the production of hydrolytic enzymes, which are
responsible for the breakdown of macromolecules in traditional fermented
foods (Machida et al. 2008).
With soy sauces, most Japanese styles
use roasted wheat and defatted soybean
meal as a substrate for the koji, while
most Chinese styles use the whole
soybean for qu preparation. For more
information about soy sauce production,
check out our previous post on Yellow
Pea Chiang Yu.
Some styles of koji production for spores
(tane-koji or koji-kin) in Japan mix ash
(tomo koji, lit. ‘friend of koji’) into the
cooked rice, to create favourable conditions for the koji mould by increasing
pH and providing certain minerals like
potassium, magnesium, and phosphate,
which help to increase spore production
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and resilience, as well as inhibiting various contaminants. The best ash is made
from camellia, then zelkove (Zelkova
serrata) and oak (Akita Konno).
Koji has been and continues to be referred to as a ‘malt’ by many Westerns,
at least since the 19th century. This is
understandable given its similar functional role in the production of grainbased wines to malt in the production
of beer: that is, providing fermentable
sugars. Koji and malt also share some
general chemical similarities, as both
saccharify starches into sugars with
enzymes. The key difference, however, is
that koji uses the enzymes produced by
the metabolism of a living fungus, while
the production of malt involves sprouting the grain and using the enzymes
produced in the sprouting, after which
point the enzymatic activity is halted
through roasting. We have tried using
fresh koji to make a mash for beer, with
limited results; roasted koji has proven
much more promising (more details in a
later post).
At the lab, we have been growing koji
on all sorts of substrates, including
pearled barley, heritage barley varieties
like nøgen byg, buckwheat, rye, quinoa
and other Chenopodium spp., sunflower
seeds, various beans, and more. Our
mainstay has become pearled barley – it
is what we make most often and what
we know best.

A brief history of koji
300BCE – in Zhouli (‘Rites of the Zhou
dynasty’), China – the first written
mention of qu. The first conceptual framework to connect soy sauces, jiangs/
misos, fermented black soybeans, grainbased wines like sake and li (a Chinese
precursor to Japanese amazake), and
other koji-based foods.
90BCE – in Shiji (‘Records of the Historian’), by Sima Qian, China – indications
that fermented black soybeans and qu
were already major commodities in the
Chinese economy.

100CE – in Liji (‘Book of rites’), China –
the earliest known description of how
grain-based wines were made from
millet and rice koji.
121CE – in Shuowen Jiezi (‘Analytical Dictionary of Characters’), China – earliest
known written character for qu/koji,
composed of a top radical for bamboo
over the character for chrysanthemum.
The etymology for this character interpreted by Huang (2000) stems from the
idea that qu could have occurred when
cooked rice was left in a bamboo basket
exposed to air, which over time turned
the yellow colour of chrysanthemum.
The contemporary character for koji/qu,
in both Chinese and Japanese, is....
544CE – in Qimin Yaoshu (‘Important
Arts for the People’s Welfare’), by Jian
Sixie, China – the first known detailed
description of how to make qu. It includes recipes for nine types of qu and 37
types of grain-based wine.
725CE – in Harima no Kuni Fudoki (‘Geography and Culture of Harima province’),
Japan – the first known written mention
of koji outside of China. Made using
airborne koji moulds.
965CE – in Qing Yilu (‘Anecdotes, simple
and exotic’), by Tao Ku, China – the
earliest known reference to hong qu, or
red rice qu. It includes a recipe for red
pot-roast lamb, involving lamb simmered with red rice koji.
1603 – in Vocabulario da Lingoa de
Iapam (‘Vocabulary of the Language of
Japan’) – Japanese-Portuguese dictionary for Jesuit missionaries in Nagasaki.
Contains entries for:
Côji [Koji], a yeast [sic] used in Japan to
make sake, or mixed with other things.
Amazaqe [Amazake], a still-bubbling
fermented liquid that has not yet completely become sake; or sweet sake.
This is the earliest known Europeanlanguage document that references koji
and amazake.
1712 – in Amoenitatum exoticarum

politico-physico-medicarum (‘Exotic
novelties, political, physical, medical’) by
Engelbert Kaempfer – Kaempfer traveled
and lived in Japan from September 1690
to November 1692, mentioning koji, or
‘koos’ as he called it, as part of the pro-
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cess of making miso.
1766 – Samuel Bowen, an American,
begins producing, selling, and exporting
Chinese-style soy sauce in Thunderbolt
near Savannah, Georgia based on a
technique he learned in China. Bowen
was the first to introduce the soybean
to North America (Hymowitz & Harlan
1983).
1779 – in Encyclopaedia Britannica, 2nd
edition – the entry for ‘Dolichos’ mentions ‘koos’ (after Kaempfer).
1818 – in Account of a Voyage of Discovery to… the Great Loo-Choo Island
[Ryukyu, or Okinawa], by Basil Hall – “…
hard boiled eggs, cut into slices, the
outside of the white being colored red.”
This red colour was likely imparted to
the outside of the shelled eggs by red
rice koji, known in Japan as beni-koji.

Jokichi Takamine, a Japanese chemist
residing in Chicago who developed
method of using koji instead of malt to
make whiskey, with 12-15% improvement
in efficiency.
1894 Feb 23 – Takamine applies for a
patent for ‘Taka-Diastase’, now known
as the amylase produced by Aspergillus
oryzae. This is the first US patent for a
microbial enzyme.
1895 July – Takamine contracts with
Parke, Davis & co. of Detroit, Michigan to
manufacture and market Taka-Diastase
on a large commercial scale. This is the
earliest known commercially-produced
enzyme in North America.
1897 – Yamamori Jozo-sho in San Jose,
CA is the earliest-known company to
produce shoyu (Japanese soy sauce) in
the US.

1867 – in A Japanese and English Dictionary, by James C. Hepburn – the first
written occurrence of koji referred to as
a ‘malt’.

1906 – Karuhorunia Miso Seizo-jo (California Miso Manufacturing Co.) in San
Francisco is the earliest-known company
to make miso in the US.

1878 March 10 – in Koji no setsu (‘Theory
of Koji’), published in Japanese in Tokyo
Iji Shinshi (Tokyo Medical Journal) by H.
Ahlburg and Shinnosuke Matsubara –
the first scientific article ascribing a latin
binomial to koji mould. Ahlburg named
the mould Eurotium oryzae, which was
later renamed Aspergillus oryzae by
Cohn in 1884. Japanese scientists rapidly
adopting Western microbiology.

1908 – Kodama Miso Seizo-sho in Los
Angeles is the earliest-known company
to make and sell koji in the US, advertising its product as ‘Shiro Koji’.

1878 Sept 12 – in Brewing in Japan,
by R.W. Atkinson, British professor at
University of Tokyo, published by Nature
(London) – the earliest English-language
document that mentions ‘tane’, or koji
spores, and ‘tomo koji’, or wood ash.
1881 May 1 – R.W. Atkinson explicitly
distinguishes koji from malt, and insists
on the use of the Japanese word in English to avoid “erroneous impressions”.
1891 Feb 20 – The first article (appearing
in the Chicago Daily Tribune) about
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1913 – Marusan Joto Shiromiso in Los
Angeles is the earliest-known company
to sell and advertise koji in English, as
‘Special Koji’.
1972 – The Erewhon Trading Co., Inc.
catalog entitled ‘Traditional Foods’
advertises its koji imported from Japan.
At this point there was a resurgent interest in koji in North America with the
macrobiotic, natural-foods, and soyfoods
movements.
2004 – Professor emeritus Eiji Ichishima
of Tohoku University, Japan, proposes
in Nippon Jozo Kyokai Zasshi (Journal
of the Brewing Society, Japan) that
Aspergillus oryzae become the ‘national
fungus’ (kokkin), just like a national bird,
flower, tree, or animal. The proposal is

approved at the society’s annual meeting in 2006.
It should be noted that while the dominant popular narrative surrounding the
flow of ideas – and associated structures
of power – in the world has gone from
‘West’ to ‘East’, in the case of koji technology the knowledge has moved from
East Asia to Europe and North America
– very much the opposite.
For more information about the history
of koji, look into the extensive book by
Shurtleff and Aoyagi from 2012 called
‘The History of Koji’, available free online.

Evolutionary history and domestication
The evolutionary history of Aspergillus
oryzae provides an interesting model for
investigating mechanisms of domestication, and how they might differ in
microbes compared to animals or plants.
The closest relative to A. oryzae is A.
flavus, the two species sharing 99.5%
genome-wide nucleotide similarity. Yet
this difference is enough for the species
to exhibit markedly different metabolic
and behavioural characteristics. Though
under certain conditions (mainly
incubation longer than the standard
three days for koji fermentation) some
strains of A. oryzae have been shown to
produce mycotoxins such as maltoryzine, ochratoxin A, and kojic, aspergillic,
cyclopiazonic, and b-nitropropionic
acids (USEPA 2012; Ciegler & Vesonder,
1987; Blumenthal 2004), the fungus has
been used safely in food production
for centuries, is Generally Regarded As
Safe (GRAS) by the United States Food
and Drug Administration (FDA), and has
Qualified Presumption of Safety (QPS)
by the European Food Safety Authority
(EFSA). A. flavus, on the other hand,
is an agricultural pest of several seed
crops and producer of aflatoxin, another
mycotoxin and one of the most potent
naturally-occurring carcinogens.
In a 2012 study, Gibbons et al. compared
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the genome sequences of 14 geographically and industrially diverse strains
of A. oryzae and A. flavus with their
reference strains to learn more about
the flavus-oryzae lineage and “the
functional changes associated with
microbe domestication and the impact
of the process on genome variation.”
Firstly, they found that the genomewide nucleotide diversity among the
A. oryzae strains was around 25% of
that among the A. flavus strains. This
result, paired with the knowledge that
A. oryzae is monophyletic, indicates that
all strains of A. oryzae originate from a
single domestication event i.e. one common ancestor. Furthermore, two of the
A. flavus isolates showed a closer affinity
to A. oryzae than to the other A. flavus
isolates, suggesting not only that A. oryzae descended from A. flavus but that
it likely originated within an atoxigenic
clade of A. flavus. Some strains of A.
flavus are indeed known to be atoxigenic, so such an origin is evolutionarily
plausible.
Some of the possible selective pressures for A. oryzae are illustrated by
the relationship between koji and sake
production. Aflatoxin is genotoxic to
Saccharomyces cerevisiae, the principal
yeast involved in the fermentation of
sake and other grain-based wines, which
means that evolution of the atoxigenic
A. oryzae and/or its atoxigenic A. flavus
ancestor could have been driven in part
by its impact on yeast survival (Gibbons
et al. 2012). In other words, that saccharification and alcoholic fermentation occur in parallel in many methods for sake
production means that a less toxigenic
saccharifying mould would allow for a
stronger culture of alcoholically fermenting yeast, enhancing the production of
sake and leading to alcohol levels up to
18-20% by volume – the highest recorded level of alcohol in a beverage without distillation (Murooka & Yamshita
2008). The fact that humans like alcohol
probably directly selected for a non-toxic
strain of saccharifying mould – leading
to a technology with many applications
beyond alcoholic fermentation itself.

Overall, what has emerged from
this and other studies is a picture of
microbe domestication different from
that with many animals and plants:
while domestication of many plant and
animal species has been largely effected
through “genetic tinkering” of developmental pathways affecting growth and
morphology, the domestication of some
microbes including A. oryzae was driven
by the restructuring of metabolism (Gibbons et al. 2012).

Making Koji
Now we can make some koji.
This recipe yields about 1450g of finished koji from 1 kg of dry pearled barley.
You will need:
· 1kg dry pearled barley, or another
grain (it is worth noting that in sake
production, the more polished/pearled
the grain of rice, the more expensive
the sake)
· sufficient water for soaking
· ~30g koji-kin / tane-koji / koji spores
· a thermomix, or strong blender, or
mortar and pestle (in this case less
than ideal)
· a steam oven, or something to steam
in, or a slow cooker, or a pot of boiling
water (as a last resort)
· hand sanitiser
· latex gloves
· a gastrotray, or another similar tray
· a clean cloth that can cover the tray
· a koji chamber (we use an upright
fridge turned off and fitted with
heating mat and temperature probe
connected to PID controller – essentially some place that can maintain
a constant temperature of 30˚C and
retain humidity, and has some space
for airflow. For more information on
creating a similar device, check out our
previous post ‘Home Made’).
1. Soak pearled barley overnight.
2. The next morning, turn on koji chamber to 30˚C.

3. Steam barley (100˚C) for 90 minutes
in perforated gastro tray.
3. Remove barley from oven. While it
cools, blitz koji-kin in thermomix to a
fine powder (~20g koji-kin / 1kg cooked
barley).
4. Once barley has cooled to a comfortable temperature, sanitize hands with
alcohol, put on latex gloves and break up
chunks thoroughly. Pour or scoop barley
into standard full-size gastros to a depth
of about 2cm.
5. Prepare a warm, damp, wrung-out
cloth to cover the koji.
6. When the barley has reached 35˚C,
inoculate with powdered koji-kin and
mix thoroughly to coat every grain.
Smooth out barley and cover with the
damp cloth.
7. Place the tray into the koji chamber
(time T+0). Fill from the top racks down,
to make use of the most heat. The barley
should stay around 30˚C, and not go too
far above. Place the temperature probe
into the barley itself to keep track of the
internal temperature – this is crucial to
not letting it overheat. Put it in the koji
chamber on the uppermost shelf, as it
is in the warmest part of the chamber.
Close door.
8. At T+18h, remove tray and turn the
koji - mixing to aerate and ensure even
distribution of spores. It should start
to smell fruity and fragrant. Redampen
the cloth, cover and return to chamber.
Nestle the probe into the koji on the top
shelf. Close door. Monitor the temperature carefully over the next 18h - it
should stay between 25˚C and 30˚C in
order to not denature any of the peptidases, and certainly no higher than 38˚C,
which will kill the mould.
9. At T+24h, turn koji again. This time,
create two furrows in the koji lengthwise with hands – the furrows should
be as deep as possible without being
able to see the pan through the grains.
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Return the koji to the chamber with
a newly dampened cloth. Nestle the
probe into the top shelf koji. This time,
keep the chamber door open a crack to
prevent overheating.
10. At T+30h, turn the koji a final time,
again with furrows. Lightly re-dampen
the cloth (at this point the chamber
should be around 95% relative humidity) and return the koji to the chamber.
Nestle the probe into the top shelf koji
with the door slightly cracked.
11. At T+36, the A. oryzae mycelia will
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have permeated the grains and they will
hold together in a spongy white cake.

13. Happy fermenting!

Troubleshooting:
If the koji turns sticky and starts to smell
ammoniated and like sour bananas,
the A. oryzae has probably been killed
due to an excessive temperature, and
the substrate has been taken over by
Bacillus subtilis – bacteria that are often
found in certain alkali fermentations.
It is the reason why natto is sticky and
ammoniated. Discard, and next time be
sure to keep the temperature in the center of the grains around 30˚c. It might
take some experimenting to get it right
depending on your incubation set-up.
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inoculation.
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Roasting Koji
December 24, 2013

By Josh Evans
Finished koji smells amazing. It is fruity
and floral, with an underlying hint
of fresh mushrooms. And it changes
depending on the substrate: rice and
quinoa give a nuttier aroma, sunflower
seeds and buckwheat are more earthy,

and beans give a smell that is entirely
savoury.
At the beginning of this year, we began
thinking of how we could broaden this
flavour spectrum even further. Maybe
it was the zeitgeist in our little family
at the time – Rosio in the noma test

kitchen began to roast the koji and
it gained an entirely different flavour
profile. When we began doing the same
on the boat, our first method was to
roast the loose grains at 160˚C for 30-40
minutes. The koji became deep and rich,
with aromas reminiscent of chocolate,
coffee, caramel, and toast. Some of our

| NORDIC FOOD LAB | SIDE 211

BLOG POSTS

trials retained hints of their original
fruity and floral aromas. The potential
was great.
We began treating this new ingredient
in a similar way to its flavour companions.
Taking Rosio’s lead, we infused it into
cream (1 part koji : 2 parts cream) overnight, and passed the thickened mixture
through a sieve the next day which
yielded a rich, ganache-like substance.

We brewed the ground grains into
coffee (more work is needed). We
stirred some fine powder into heated
milk and chocolate for a more complex cocoa (admittedly more of a treat
than an experiment).
Over at noma, it has found its way
into a variety of dishes and projects,
from the Potatoes and Bleak Roe to
the Seaweed Danish. Definitely a
versatile ingredient.
It also became a crucial pairing with
pork’s blood in many of our intern
Elisabeth’s recipes for blood as an egg
substitute in baking. The minerality
of the blood meshes well with the
caramel and Maillard notes of the roasted koji, and one of the successes of
that project (in my eyes at least) was
a recipe for ‘chocolate’ ice cream with
blood, roasted koji, no chocolate, and
no eggs. Details forthcoming.
The similarity to malt was undeniable, and Ben started using it to
make syrup extracts and to brew
beer. At first, the beer trials seemed
to lack body, but after some months
of aging they are starting to develop
into something quite good. We’ll be
taking this one further for sure. In the
meantime, here’s our first recipe.

Ben’s Toasted Koji Pale Ale
Statistics
Volume:
OG:
		
FG:
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28 L
1050
1025

Alcohol:
3.3% but we had problems with
attenuation
IBU
39
BU/GU
0.78

Fermentables
Maris Otter Pale Malt
Roasted Koji
Mash schedule:

5634g
1000g
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6668°C / 60 minutes, 71°C / 35 minutes (during continuous sparge)

koji in the cream.
Sensory evaluation by lab members
yielded the following results.

Hops
Summit
17.4% alpha

20g 90 minutes

140˚C

Saaz
4.4% alpha

33g 15 minutes

20 min fruity with some chocolate
notes. Very koji-y. tropical, passionfruit.

East Kent Golding
5.85% alpha 16g 10 minutes
East Kent Golding
5.85% alpha 22g 5 minutes
Fermentation
Yeast: WLP500 Trappist Ale
Fermented at 18 degrees C for 30 days.
Bottled conditioned with 7g/L of sugar although still quite dense
Needs time in the bottle to improve.
Notes
We are not experts in beer making,
and so working out how much
roasted koji to put in this recipe was
really just instinct; however, the result
is good. There are problems with attenuation, like how much sugar is left
in the beer, but the taste is good, and
improving with age.
We recently became more curious
about the roasting process and
decided to go back to basics to better
understand our options, creating a
sensory trial with samples varying
temperature and time. We roasted
batches of 300g at 140˚C, 160˚C,
180˚C, and 200˚C for 20, 30, 40, and
45 minutes. We then let the samples rest for two days for some of
the most assertive burned or overroasted flavours to dissipate, then we
ground them in the thermomix for
10 seconds at level 7. We added 60g
of the ground koji to 120g of cream,
and vacuumed the mixture to 96.5%
to infuse overnight. The next day they
were warmed in a bath for around
one minute to return the mixture to a
fluid state. Samples were tasted with
small spoons and included the ground

30 min less flavourful, creamier
40 min little burnt taste at the end,
dark chocolate at the end
45 min more burnt, little coffee-y
160˚C   very oily
20 min acidic, burnt, like bad coffee…
very oily
30 min more coffee-y, harshness like
100% cocoa chocolate
40 min toasted breadcrumbs, burnt,
maybe good in small amounts
45 min just burnt
180˚C   also very oily
20 min interesting, in between green
coffee and burnt, more pleasant coffee acidity, green leafy vegetalness

One of the lab members also thought
the 140-series smelled very savoury,
like fermented soy-style sauces, while
the 160-series gained more of the
chocolate/coffee notes. The 180-series
was pretty variable, with the lower
times having bitternesses bordering pleasure and distate, while the
200-series was pretty much inedible,
although there could be some possible applications of a quick blast with
high heat.
Overall, the mid-160-series came
through as a stronger roast, with the
140-series generating gentler and
more diverse aromas and the shorter
end of the 180-series also holding
potential for further exploration.
We are excited by this wealth of unexplored possibilities. Further directions
include refining its use in beer (we
also used some in ‘Wormhole’, our
‘oatmealworm stout’ designed with
Siren Craft Brewery for our Pestival
menu in April/May), and developing
recipes for a Nordic chocolate and a
Nordic coffee using wild plants, fruits,
roots, and other botanicals. In the meantime, I’m fine eating the ganache
straight with a spoon.

30 min bitter burnt caramel
40 min just burnt
45 min ashes
200˚C
20 min burnt with koji fruitiness, between chocolate and coffee with slight
caramel, uneven toasting
30 min acidic and burnt
40 min very unpleasant, way too
much toast
45 min too much toast
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Dream Christmas Cake
December 25, 2013

By Guillemette Barthouil
Dreams are in season. Days blur into
nights,
the northern darkness plays with our
minds.
We awake with cake: our dreamed
christmas cake –
a midwinter feast to celebrate the light.
Longer days – a taste
of what has and is to come.
We have had one of our whiteboards
emblazoned for months with the phrase
“DREAM CHRISTMAS CAKE” and filled
upwith all sorts of related brainstorms.
Then, in late fall, the Sustainable Food
Trust asked us to make a dessert for
a conference they were organising in
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London entitled ‘True Cost Accounting:
Food and Farming’ – a key issue in our
current food system. The event was to
be held in early December. It was close
enough to Christmas: time to actually
make the cake we had been dreaming
up for months.
Traditionally, much of the food eaten
at Christmas is preserved in one way
or another – dried, cured, smoked,
fermented, combination thereof. But
what about making the cake itself the
way of preserving? English Christmas
puddings, cakes, and mince pie seem to
have evolved from the same fifteenthcentury process of preserving meat [1].
In autumn, when fodder was dwindling,
farmers would slaughter the surplus

livestock. The meat was then preserved
in a pastry case and mixed with dried
fruit to prevent spoilage. Over time,
dried fruits have become the main
component of the sweetened pudding,
with suet reminding us of its meatbased history. The alcohol component
has been present at least since the 19th
century, when Christmas pudding and
cake as a dessert rather than a savoury
course (’Christmas pottage’) emerged
as the now traditional dish [2]. It is likely,
though, that alcohol appeared in prior
recipes, for its abilities to enhance both
preservation and enjoyment. British
gentlemen (including our beloved head
of research and development, a Scot)
will tell you that the best puddings are
at least one year old, the best being con-
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siderable older, doused in alcohol every
once in a while to preserve it. Bloody
English. [ed. – It should be noted that
the author of this post is herself French
– enough said.]

· Melt the butter over low heat. Weigh
the molasses. Add them to the mix.

As we began to experiment in the
kitchen, we started to favour pudding over cake, for its flavour, texture,
and pliability. Then, in trying to source
ingredients from our landscape while
keeping the taste identity of a Christmas pudding, we slightly adapted the
classic recipe. We adopted bone-marrow
over suet for its delicate yet meaty
and distinctly umami component. The
liquoricey, clovey, and mineral notes of
beet molasses allowed us to forego spices in the mix, while giving the pudding
a beautiful dark colour. The addition of a
nice dark beer only enhanced the deep,
bittersweet, mineral flavour profile of
the pudding. Working with the concept
of preservation we also decided to make
our own raisins. We lacto-fermented
grapes – in brine with 2% salt – for 2
weeks and then dehydrated them at
40°C. This process gave the grapes a
dried fig taste that fit perfectly with the
pudding.

· Mix the eggs, brandy, and beer. Add to
mixture.

NFL Christmas pudding
· 100g bone marrow
· 20g butter
· 110g breadcrumbs
· 60g wheat flour
· 1 tsp baking soda
· 225g beet molasses
· 110g raisins
·60g dried lacto-fermented grapes
· 275g dried blackcurrant
· 1 grated pear
· 2 tbsp brandy (we used oaked apple
cider brandy)
· 75ml Dark Christmas beer
· 2 eggs
· Freeze the bone marrow. Grate.
· Weigh the breadcrumbs, flour and baking soda. Blend with the grated bone
marrow.

· Weigh the dried fruits. Grate the pear.
Add to mixture.

· Blend the ingredients thoroughly. Cover
and let the dough rest in the fridge
overnight.
· The next day, press the dough into a
stainless steel bowl. Wrap and steam
for 8h in a combi oven.
· After the pudding is cooked and cooled,
pour brandy over. Depending on how
much in advance you make your pudding – and how alcoholic you like it
– you can repeat this process as many
times as you like.
The result was a rich and beautiful
pudding, waiting to be paired with the
freshness of a fruit. A poached pear seemed like the perfect accompaniment;
classic.
Too classic. At this stage, we got stuck.
Nothing really sang. We couldn’t find
the thing that would make us jump to
the next step.
One day, our microbiologist friend and
mushroom expert, Sara Landvik, was at
the boat for lunch. After lunch we served
a version of the dessert for critique, and
together we tried to talk it through. All
of a sudden Sara said “you should serve
it like a mushroom!” That was just the
leap we needed. The rest is history.
A pear, poached in a syrup of elderberry,
dried chanterelle and labrador tea.
Fruity, fragrant, and terpinous as a walk
in the woods.

Poached pear
· Choose a round-shaped pear variety –
we chose Williams.

Labrador Tea

· Peel, cut horizontally into two equal
parts and carve out the inside with a
melon baller, leaving edges of around
0,5 cm. With a turning knife remove the
stalk and the calix end of the fruit.
· For the syrup, boil 1L of water with 100g
of sugar and 100g of elderberries.
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· 10 minutes before poaching the pears,
add 15g of dried chanterelles and 5g of
labrador tea, Rhododendron tomentosum.
· Strain the syrup and poach the pears
for 10 minutes.
· Once poached, remove the pears and
reduce the syrup to a fifth of its original
volume. Pour the syrup over the pears
so they become bright red.
Stuff the pears with approximately
30g of the soaked Christmas pudding,
shaping it with your finger as if it were
the stalk of a mushroom supporting the
fruiting body of the pear. The pudding
should stick out of the pear about 1 to 2
cm. One pudding should yield enough
for around 50 mushrooms.

Cheese dots
Take 150g of Stichelton cheese (delicious
English raw milk blue cheese), mix it in a
thermomix with 150g of cow cream 38%
and 1,5g of Xanthan. You should obtain
a soft yet solid paste with a mild flavour
of Penicillium roquefortii.
Fill a pastry bag, cut 3 mm off the end
and create dots of cheese on the poached pear, transforming it into the classic
fairytale mushroom, Amanita muscaria,
the fly agaric.
Like children dancing around the Christmas tree, we were super excited about
our wild mushroom Christmas pudding.
Tasting, critiquing, finding new ideas
and pairing - we tried and tried again.
Though something was still missing.
What did we want to eat most when we
were playing in the forest as kids? What
lies under the underbrush, the result of
fungi digesting and mulch compacting,
the foundation of the forest? Earth; of
course. Mother Earth.

Edible soil
· 200g wheat flour
· 120g butter
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· 140g beet molasses
· 200g toasted hazelnuts coarsely
grounded
· 30g finely grounded toasted koji
· 10g porcini powder
· 1 tsp baking soda
·2 eggs
· Mix the flour, hazelnuts, koji, porcini
powder and baking soda together.
· Melt the butter over very low heat.
· Add the butter, beet molasses and
eggs.
· Mix the ingredients together, working
the dough as little as possible.
· Spread on a baking sheet approximately 0,5cm thick and cook at 160°C for
20 minutes.
· Once cooked, dehydrate the cake overnight in a dehydrator or in the oven at
around 45°C.
· Crumble.
Sweet Amanita
Victorian plum pudding with bone marrow and berries, poached English pears,
Stichelton cheese and edible soil.
Oh Sweet Amanita!
Pick the right one, enjoy your trip and
see you in the new year!
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Blood and egg
January 7, 2014

By Elizabeth Paul

Overview
Animal blood has a long culinary history
throughout Europe, though recently
has become neglected. We are interested in (re)valorising the despised and
forgotten, so we had to look deeper into
what blood is, how it should be handled,
and what to use it for. Its coagulating
properties led us to focus on blood as an
egg-substitute in sweet products, since
egg intolerance is one of the major food
allergies affecting children in Europe.
In fact, eggs and blood show similar
protein compositions, particularly
with the albumin that gives both their
coagulant properties. Based on these
similarities, a substitution ratio of 65g of
blood for one egg (approx. 58g), or 43g
of blood for one egg white (approx. 33g)
can be used in the kitchen. Using this
method, we have developed recipes for
sourdough-blood pancakes, blood ice
cream, blood meringues, and ‘chocolate’
blood sponge cake.
A further benefit of blood is its ability to
prevent anaemia – the most common
micronutrient deficiency worldwide
– due to the high bioavailability of its
haeme-iron. This iron, of course, is often
the challenging factor for taste, which
in many cultures have traditionally alleviated by pairing with it strong flavours
such as herbs and spices. We investigated some of these traditional pairings
as well as some newer ones including
woodruff and roasted koji.
During sensory evaluation, we were surprised at the variation in perception of
the bloody aftertaste, which led us to an
interesting discussion on the relationships between gender, age, and taste.
___________________________________
Blood for most is not a go-to ingredient.

It has become somehow ‘edgy’, almost
forbidden; yet it has been used as food
for as long as animals have been killed
and eaten. It is elemental, both mystical
and mundane. And it makes us damn
curious in the kitchen.
Blood is a brute fact of killing animals. A
slaughtered pig can yield between 2.25
and 4.5 kg of the stuff,[1] which adds
up quickly. We are always searching for
deliciousness in the ignored and overlooked, so the question arose: how can
we transmute this substance into an ingredient fit to celebrate? And then, more
specifically: could blood be a substitute
for eggs, especially in pastry, given that
egg white intolerance is Europe’s second
largest food allergy?[2]
Even just decades ago, blood was appreciated as a source of nutriment and
unique taste – appearing in an indescribable variety of blood puddings, blood
sausages, blood desserts and blood pancakes throughout the Europe and Asia.
Why is the tradition of cooking with
blood disappearing from our kitchen?
One answer might be the disappearing
knowledge on how to process it – and
with this disappearing knowledge
comes insecurity for those who are
trying to preserve and rediscover it.

Where does it all go?
By far most blood from pigs (around
70%)[3] is separated into plasma and
serum used in animal feed, pharmaceutics, cosmetics, and commercial products
like cigarette filters. Dried blood is used
as fish food or fertilizer. Red blood cells
are used for mink feed. Meat glue, or
transglutaminase, is used to make novel
forms of meat, like imitation crab, or to
bind cuts in hams[4] – and in fact is an
enzyme extracted from blood, originally
responsible for clotting by stabilizing
the protein fibrin.[5]

Composition
Though the bloods of different mammal
species are similar in composition, the
amount of blood obtained per animal
varies greatly. In pigs, for example, blood
makes up around 3.3% of live weight,
which generally yields about 2.5L per
animal.
Blood is a homogenous mixture of
blood cells and serum. The serum (55%)
is mainly composed of water (80%) and
proteins (17%) such as albumin, fibrinogen and globulin, as well as glucose,
minerals and hormones.[6]
Serum albumin is the most abundant
and important protein in the serum, at
around 50% of total protein content.
This places it at a similar level to ovalbumin in eggs, around 60% of total protein
content – which means in the kitchen, it
provides an optimal replacement due to
its foaming ability.[5]
There are three types of blood cells
suspended in the serum: white blood
cells; platelets or thrombocytes; and
red blood cells which contain most of
the haemoglobin, a iron-bound protein
that is responsible for the red colour.
Colour changes depend on reactions
of these iron ions, regulated by storage
conditions, oxygen availability, and
temperature, and are similar to the
colour changes that happen with meat.
Vacuum-packed, blood is dark, close
to purple; left outside for a while or
whipped into foam, it turns bright red;
and heat treatment leading to protein
denaturation gives it a dark-chocolate
brown, nearly black appearance.

Blood Clotting
Once the animal is slaughtered, blood
platelets and plasma come into contact
with other animal tissue, causing blood
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clotting. Due to the enzyme thrombin,
the fibrinogen in the serum is transformed into fibrin, an insoluble protein forming strands. In these strands, big red
blood cells get predominantly trapped,
giving the intense dark colour from the
haemoglobin contained therein.[5]
There are several anticoagulants that
can be added to prevent this process.
Generally calcium ion binding salts such
as citrates and phosphates are used in
slaughterhouses to prevent clotting. Traditionally, a metal spoon would be used,
with constant stirring. If calcium ions
are bound, no available calcium means
no clotting.

Cooking properties of blood
The texture in blood pastries in comparison to egg-pastries is intriguingly
similar. When whipping blood, more
time and stepwise increase in speed
is required, similar to methods for
producing a very stable, fine-beaten egg
white.
Coagulation due to heat treatment
occurs between 63°C - 75°C. Heat denaturation of serum albumin requires
a temperature of 75°C – at this temperature batters with blood will thicken.
Egg coagulation, due to ovalbumin on
the other hand, does not happen until
84.5°C. So less heat and hence less time
is required when cooking with blood.

General substitution ratios:
1 egg (approx. 58 g/unit) = 65 g of blood
1 egg white (approx. 33 g/unit) = 43 g of
blood
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Important: shake blood regularly
before use, and strain.
Blood as substitution for eggs
One great argument for blood as an
egg-substitute is the increasing food
allergy for egg proteins, nowadays
second-most prevalent food allergy in
Europe, affecting mainly children but
also adults. In Germany, for example, 8%
of children have temporary reactions to
egg. Other sources estimate that 30-53%
of children with food allergies in European countries like Spain and France are
allergic to ovalbumin.[2]

We have also observed interesting leavening properties in baking sourdough
bread when sourdough starter is fed
with blood instead of water for its final
feeding. Volume nearly doubled in less
than 1 hour, turning the bread dough
dark-chocolate brown and changing the
flavour profile of the bread to a richer,
mildly acidic, moist bread. This discovery
is still preliminary, and more culinary
research is needed on blood and sourdough.

Hiding the animal – masking aromatic agents
Eugenol and cinnamaldehyde are classic
aromatic compounds that are found in
traditional recipes in combination with
blood. In tasting panels done with blood
meringues (recipe below) cinnamon and
clove expectedly scored low in bloody
aftertaste, but new combinations involving roasted barley koji and woodruff
also showed promise.

Blood shows a similar protein composition to egg, yet with slightly different
types of proteins. The serum albumin, as
the main constituent of blood protein
with 55%[4] is tolerated whereas ovalbumin in egg white leads to heavy allergic
reactions. But perhaps the greatest
argument for cooking more with blood
is to alleviate iron deficiency, which
causes anaemia – the world’s most common micronutrient deficiency.[7] And
the haeme-iron in blood, in turns out, is
the best possible source for the human
body, showing a 2- to 7-fold bioavailabilty in comparison to non-haeme iron.[8]

Another good combination appears
to be blood and acid, as tried in the
sourdough blood pancake recipe. One
possible reason could be due to the
similarity of stimuli for acidic and metallic receptors on the tongue, both being
sensed through ion channels, but we
have found no research on this subject.
Due to sometimes intense and unexpected responses from taste testers, the
question arose whether metallic taste
and/or animal notes would be perceived
differently according to gender and age.
We discovered that taste perception
in general differs between male and
female tasters, and younger and more
elderly, with women generally having an
increased sensitivity towards metallic taste.[9] Perception thresholds for
bitter and sweet compounds vary not
only between the sexes, but also with
monthly-changing hormone concentrations in women that influence their
nervous system.[10] Decreasing thres-
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holds during menstruation means that
women will perceive bitter compounds
more easily at these times. Unfortunately no research has been done on changes in metallic taste-perception during
the menstrual cycle, since metallic taste
via ion-channels is a rather young discovery. During our own tests of our blood
pastry products, however, this difference
became obvious to us.
Animal aromas exhibit similar properties. Olfactory stimuli are translated
in the central nervous system, and stimulation can be altered with changing
hormone concentrations.[8] Women
are thus generally more sensitive to
androstenone and skatole (two animalic
odours occurring in entire male pigs)
than men, and might therefore show
lower preference for blood containing
products from entire pigs.[11] This may
be the case even though skatole and
androstenone are ten times more concentrated in the fat than other tissues
or blood. More research needs to be
conducted on the subject.[12]

Recipes
Using blood in the kitchen drove us to
the edge:
blood with sourdough,
blood as sourdough feed,
blood in kefir-culture (not recommendable),
blood in alcohol creating the Red Russian (in vodka, after filtering the denatured fibrin clots – only sipped once).
Here are some recipes that can be and
have been eaten with a clear conscience.

Blood ice cream (for 1 paco container –
12 servings)
This recipe is inspired by traditional
Italian dessert variations called sanguinaccio.[13] Given that cocoa doesn’t grow
here in the north, we have run our trials
with roasted barley koji, which is a brilliant alternative and ingredient in its own
right – especially in combination with
blood, giving body, bittersweet comple-

xity and increasing the malty notes of
the moulded, toasted grain taste.
· 300 ml pig blood (318 g)
· 60 g roasted Koji
· 300 g milk 3.5% fat (it may need around
200 ml extra, depending on the fineness and absorption capacities of the
grain)
· 200 g cream (38% fat)
· 88 g trimoline (or 11% of ice cream
mixture)
· 2.8 g guar gum (or 0.3% of rest of ice
cream mixture including trimoline)
The day before:
Grind roasted koji to fine powder and
cold-infuse it into 300 ml of milk. Leave
at 4°C for 24h.
Production day:
Pass cold infusion through a super bag
and measure yield. Add more whole milk
to reach weight of 300 g.
Strain pig blood to remove coagulated
protein clumps.
Add cream, blood and trimoline to mixture and start to heat over water bath
while stirring constantly. Once temperature reaches 50°C, add guar gum and
continue stirring until mixture thickens
to chocolate brown custard. Heat until
75°C and hold at temperature for 15 seconds. Fill pacojet container and freeze.
Once frozen, spin in pacojet and serve.

Sourdough blood pancakes
Swedish blodplättar and Finnish
veriohukainen are traditional variations of blood pancakes, and provided
an existing foundation to understand
platelets’ culinary functionality. In fact,
the name blodplättar itself translates
directly as ‘platelets’. The acidity of the
sourdough starter is a great aid to soften the metallic aftertaste of the blood.
Basic recipe for fluffy pancakes.
· 235 ml of rye sourdough starter
· 150 ml of pig blood
· 30 g of melted butter
· 50 g of granulated sugar

· Strain pig blood to remove blood clots.
· Add sugar to blood and whisk in Kmix/
Kitchenaid. Increase speed gradually
until mixture is stiff.
· Mix sourdough starter with melted
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butter, fold in 1/3 of blood foam, and add
the rest once it becomes a homogenous
batter. Bake in pan in abundant butter
until dark chocolate colour.

baking mats and dry at 93°C at very low
ventilation level (level 2 on Combi Rationale oven) until dry and dark chocolate
brown.

Caution: easy to burn due to similar
colour range of batter and burned
pancake.

Sponge Cake – Basic recipe without
egg

Blood Meringue
Blood as egg substitute in meringue
seems difficult texture-wise at first, but
once the whipped blood and sugar form
this magnificent foam, all doubts are
cleared. Probably one of the strangest
textures Nordic Food Lab has seen, and
one of the most beautiful. Definitely
room for further investigations. We also
want to note that this one was inspired
by the pig’s blood macaron from Mugaritz in Spain. So delicious.
Trials have been done with both the
French and Italian meringue methods
(Harold McGee divides them into uncooked and cooked)[14]. Preferable for blood
seems to be the uncooked method, since
the meringues are perceived as less animal in flavour to the tasting panel.
· 70 g pig blood
· 30 g of granulated sugar
· 30 g of icing sugar
Flavour variations used:
· 2 pinches of Long pepper and salt,
ground
or
· 2 pinches of cinnamon, ground
or
· 3 pinches of woodruff, dried and
ground
Pour blood and granulated sugar into
a kmix/kitchenaid and start mixing at
low speed. Gradually increase speed up
to level 5-6 once sugar is dissolved. Add
icing sugar to the whipping blood, and
make sure nothing sticks to the wall.
Season blood mixture when it is glossy,
bright red, and very stiff.
Fill in piping bag, place meringue on
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How to bake a classic black forest cake
without egg – an adaptation of the
Larousse recipe.
· 230 g pig blood
· 100 g granulated sugar
· 25 g wheat flour
· 25 g corn starch
· 25 g cocoa or roasted koji, ground (Koji
recipe see blogpost je)
Sieve flour, starch and koji twice to obtain a homogenous mixture. Mix blood
very slowly in Kmix/Kitchenaid gradually adding sugar. Once dissolved increase
speed to level 6-7 and whip until stiff.
Pour in flour-mixture and lower speed to
minimum, incorporating flour into blood
mixture without volume loss.
Fill in spring form and bake at 180°C for
25 minutes. Test the cake by touching
the surface – when it makes a crackling
sound the cake is ready.
If you make two, you can use them as
the base for a classic black forest cake.
Or in this case, a not-so-classic blood
forest cake.
As with all the other recipes, taste
testing was of utmost importance. I
made two half-cakes: one with blood,
the other a chocolate control. Both were
delicious.
It may seem excessive, but I’m German
and cake-making is in my blood.

Best Practices when handling blood
1. Best source is your butcher of confidence. Ask him where the blood is from,
when the pig was killed and how the
blood was treated (with anticoagulants)
2. Smell it! It should have a sweet, rich,

metallic odour without strong animal
flavours. Strong aromatic changes can
occur in un-castrated pigs due to their
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production of skatole and androstenone.
3. Respect cold chain throughout the
handling (2 – 4 degrees) and use within
a week when refrigerated.
4. Shake and strain before use.
5. Freeze for longer storage. The colour
becomes darker. Thaw blood on the
same day as processing.
The approximately 8 L of pig blood that
have been used during the experimentation came from 3 free-range pigs,
raised and slaughtered at Grambogård
Slagteri, a slaughterhouse with high
animal welfare standards in Funen,
Denmark.
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Vinegar Science pt. 3: Sensory Analysis
January 15, 2014
By Arielle Johnson

Overview
With all of these techniques being put
to the test, comparison is needed to to
determine whether the different vinegars are interesting enough for future
elaboration. In this third instalment of
our 5-part miniseries on vinegar science,
we detail the process of sensory analysis
– including assembling a trained human

panel, generating flavour descriptors,
identifying reference standards, and
conducting replicate sets of tests – that
we used to qualify their specific characteristics and perhaps to reveal which
processes had led to a tastier result.
Overall, it seemed that the vinegars that
had ended with some residual sugar
and had undergone more stages of fermentation yielded tastier vinegars.
___________________________________

While we taste all our experiments
carefully and mindfully, we decided for
this vinegar-investigating project to
use descriptive analysis to profile the
flavours of the vinegars. This meant
that we could get some hard data to
work with, and also explore how best to
incorporate sensory analysis techniques
into our ongoing research and development. We performed descriptive
analysis on our vinegars at the University of Copenhagen (KU) Faculty of Life
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Sciences in Frederiksberg, with the help
of a trained panel of ten volunteers from
the food science department. The goal
of this analysis was to pinpoint specific
flavours, fix their definitions to real
references, and determine the intensity
of each flavour in a set of products.
The key components of a descriptive
analysis are:
- The samples in the experimental set:
Are they very similar or very different
from each other? Small differences will
be more difficult to detect but may yield
more specific and less obvious information about flavour. Our samples were somewhat similar as they are all vinegars,
with many of their flavour differences
coming simply from differences in their
primary ingredients.
- The panel: Human beings used as
analytical instruments, reporting on
what flavours are present and at what
intensities.
- Flavour descriptor generation: The
panel is both the tool and the process
by which sensory analysis determines
what flavours are present and prominent in a set of samples. This begins
with panelists tasting the samples blind,
thinking about what they perceive, and
discussing them with each other, which
leads us to:
- Terms and references: For every flavour
the panel says they perceive, it is our
job to create a reference that captures a
consensus definition for each aroma. For
example, when a panelists says “citrus”,
does she mean lemon peel or orange
peel? Or something that only exists as
a mixture of different fruits? We need
to figure out the ideal combination that
will then serve as a reference standard
to keep all panelists based in a shared
olfactory vocabulary.
Along with the taste descriptors sweet,
sour, salty, bitter, and umami, we narrowed the list of flavours down to
“red berry”, “strawberry”, “acetic acid”,
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“rotten fruit”, “chemical”, “green apple”,
“liquorice”, “yeast”, “wine”, “tropical
fruit”, “rhubarb”, “celery”, “earthy”, “green
vegetable”, “citrus”, “pine”, and “blue
cheese”. Creating references for some
of these were pretty straightforward.
Everyone agreed that the descriptor
“strawberry” was perfectly captured by
a ripe strawberry, cut in half. But what
about less precise terms? Rotten fruit
– according to the panelists – did not
smell like a fully rotten apple, but was
more oxidized and fermented than just
a bruised apple. Cubed, bruised, and
yeast-sprinkled apples and pears, left
to sit on a counter for a day, we finally

agreed, captured the aroma the best.
Dry yeast was too weak for the panel,
but a cube of fresh yeast was perfect
(since Danes tend to use this variety for
baking, it was likely more familiar to our
local panelists). For “red berry”, which
the panel insisted was different from
strawberry, neither red currants nor
raspberries alone were quite right, but
satisfied when combined together. The
”chemical” aroma the panel was picking
up on was probably ethyl acetate, a
common by-product of vinegar fermentation formed from the reaction of ethyl
alcohol and acetic acid; for this, nail
polish remover was a good match. For
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“pine” and “earthy” references I gathered
samples from the Assistens cemetery
in Nørrebrø. Who knows, maybe they
imparted a few molecules of Hans
Christian Andersen, who is buried there,
for good luck.

these ideas faster and better not only by
taking into account whatever hard data
we might have, but also by contemplating and making decisions on the most
compelling directions to pursue using
our own senses.

With the references prepared and
agreed upon, we began the descriptive
analysis proper. For 3 days in a row, the
panelists smelled the references to
reacquaint themselves with each aroma
and its specific descriptor, and then
went into isolation booths, where they
smelled and tasted each of the vinegars
and then rated the intensity of each of
the reference flavours in the samples.

Many of the most interesting questions that arose while we developed our
vinegars had little to do with naturalist,
analytical ideas of underlying flavour
chemistry and more to do with practical
concerns about what we can do with
these ingredients, the best ways to work
with them, and how to make products
that are new and interesting and better
than what we already have.

These pooled intensity ratings make up
the flavour profile data we use to analyze the sensory characteristics of the
vinegars. Certain statistical techniques
we apply to this data determine which
flavours are most useful for distinguishing samples from each other, while
other techniques look at the sensory
data holistically, and compare it to the
flavour-active molecules present in each
vinegar, to describe the sensory and
molecular drivers of flavour across the
dataset as a whole. This analysis will be
made available in a forthcoming journal
paper.

For example, it seemed like some of the
tastier vinegars were more complex and
had gone through multiple fermentations (for instance, a yeast fermentation
followed by an acetic fermentation).
On a molecular level, this theory makes
sense: each fermentation step will gene-

rate more and different volatile molecules as by-products, leading to a greater
potential pool of flavours. Furthermore,
starting from a sugary mixture and
fermenting it into alcohol with yeast
means that some residual sugar might
be left over – balancing some of the
acid, giving a bit of body, and improving
the overall flavour. At the same time,
some of the tea-based vinegars had
interesting flavour potential but at times seemed to lack complexity. We also
wondered if the air-pump approach to
running the acetic fermentation – which
was especially good for rapid prototyping as it produced workable vinegars
in under a week – led to any flavour
differences, good or bad, compared to
a slower, passive fermentation over the
course of months.
Next up: Slowing down the process, and
expanding from wine to beer.

The sensory and chemical analyses
we performed on our vinegars give us
a glimpse into how their component
flavours interact. By continuing to borrow analytical techniques from academic sensory and flavour chemistry labs,
we look forward to building a molecular
intuition about flavour to complement
the intuition of our palates. But when it
comes to the answers we seek, and their
questions, the scientific process will only
reveal so much. To fully understand food,
we need also to listen to our palates in
more aesthetic, less quantitative ways.
For example, some of us around the lab,
and some of the panelists, talked about
differences in balance, complexity, and
depth of flavour, which are difficult to
measure analytically. We can develop
our culinary empiricism to deal with
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Hop into it
January 22, 2014

By Justine de Valicourt

Overview
We did a lot of different things to hops.
Some worked, some didn’t. An exploration of the life of Humulus lupulus
beyond beer.
___________________________________
When people ask, we say the lab is funded by independent foundations, private
businesses, and government sources.
This is true; though really, we should
start saying producers, passion, and the
sheer generosity of people.
We recently asked a hops supplier from
Germany to send us 2 kg of two kinds of
fresh hops to experiment on the curing
process and the effects on beer taste.
Our aim was to investigate flavours in
other ways of preparing hops than the
conventional quick-drying method. Yet
instead of 2kg, we received 12 kg of each
variety. 24 kg of fresh hops is a lot. A –
lot. We don’t think this was a mistake,
because we received even more a few
days after. Beyond the fact that the lab
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smelled like legal cannabaceae for days
– as did our urine – this free flood of
hops was a great creative challenge and
pushed us to investigate not only the
drying process, but also their molecular
composition and culinary potential. For
two weeks, we almost stopped every
other project to be able to process and
use this mountain of hops.
I will reveal the punchline up-front: hops
are terribly bitter and most of our recipes turned bitterly bad. But gaining this
knowledge is indeed the aim of trying.
Contrary to what many people think,
Nordic Food Lab is small. The team currently varies between 4 and 8 researchers at a time, depending of the season
and the day of the week. This small scale
and loose structure permit us to impose
few limits on our thoughts. The team
is formed with people with different
backgrounds and strengths, but we are
all curious. And we like answers.
Receiving 24kg of hops, or 40kg of
herrings, or 150kg of quinces fuels our
drive for knowledge. What to do with

all this? How to keep it? How to make
it delicious? Sometimes it is not the
quantity but the thing itself that poses
a creative challenge. What should we do
with a very smelly beaver or just a tail of
one of its fellows? Or with kilos of green,
unripe plums?
It’s Christmas at every funky delivery.
First, we look, then we smell, and, when
possible, we taste it raw. For some
ingredients, these first steps are enough
to bring an idea that will take care of all
of it. It was the case for the green plums:
we tried different ways of curing them
as if they were fresh olives. Some turned
out awesome – a little acidic and crunchy, definitely delicious in a salsa verde
or with a beer.
The hops were more difficult. Before
receiving them, we had never heard
about hops in anything other than
alcoholic beverages. Knowing that hops
are in the same family as marijuana and
hemp made things easier. There are a
lot more how-to-get-stoned-with-cannabis recipes out there than ones that
use hops beyond brewing. Part of our
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conclusion was to not use the hops as a
main ingredient, but rather as a subtle
spice. Hops give a lot of flavour even in
very low concentrations. The bitterness
is also easier to manage in fats than in
water, partly because the a-acids are
hydrophobic, so the essential oils containing all these acids cannot be washed
from the tongue with water. Oils and
fats bond with the bitter molecules, preventing them from interacting with the
taste buds. In other words, if those acids
are mixed in oil, they are going to have
less interaction with the tongue cells
because they will stay ’attached’ to the
fatty molecules, and so the taste won’t
be as potent as if they are in suspension
in water.
We tried many many recipes.
A hop mayo was awful, as were all
things involving infusion into water:
soup, tea, etc.
We also tried to lacto-ferment some, as
we do with almost every new ingredient
we get. Didn’t work. Hops, as we already
knew, inhibit bacterial growth (Simpson,
1993), especially lactobacilli, the bacteria
responsible for wild lacto-fermentation,
and beer spoilage.
From our research on marijuana, we
decided to try butter, but preparing from
scratch, using the hops to both infuse
and culture the cream. We tried cold
and warm infusion at 10% w/v. Don’t try
the warm version. The cold infusion was
fine, but nothing outstanding: a butter
that tastes like hops.
We also found a recipe for hop and
potato sourdough and made a bread
from it. The result was a beautiful crusty
bread with a nice texture – but the taste
was the worst ever for a bread.
Yet there were some recipes with real
potential. One was a gravlax exchanging
the traditional dill for hops – fragrant
and complex. Another discovery was
grapeseed oil cold-infused with hop
for few minutes – it turned out to be

very fruity, green and with a little pinch
of spiciness at the back of the throat,
similar to some extra-virgin olive oil. We
tried this technique with a variety of
hops called Herkules, an infusion of 30
minutes with a concentration of 10% (10
parts fresh hops, 100 parts oil). Better
results could probably be obtained with
other hop varieties with lower alphaacid content. Next season we will try
with the wild hops we foraged in Christiania (yes, it’s hops, so nothing illegal).
We inoculated them with food-grade
moulds: Aspergillus niger and Botryotinia fuckeliana. A. niger occurs in the
process of making Pu-erh tea, but didn’t
bring anything interesting to the hops,
just some oxidized aromas. Botrytis,
however, gave us something worth
talking about. B. fuckeliana is also called
noble rot, the fungus that infects some
grapes and permits the famous Sauterne wine, among others. On the grape,
Botrytis concentrate the solids (sugars,
minerals, fruit acids) by making holes
in the skin, allowing some of the water
to evaporate. On the hop, by unknown
means, it developed fruity and citrusy
aromas. Further investigation has to be
done to use these nobly-rotted hops in
different kinds of beverages and food.
We had some leftover still sweet elderflower wine. We cooked it briefly to stop
the fermentation and added hops (10%,
cold-infused for 1hr) and kombucha
mother. It turned out better than the
wine by itself. We also made a hopped
cherry wine, a hopped cider, a hopped
malolactic fermented cider, and brewed
a half apple juice half malt beer. All of
these alcohols are quite interesting,
some are even gaining some complexity
with time, and even if they are not outstanding yet, they are a first step that
could be taken further by others who
know more about brewing and alcoholic
beverages.
We brainstormed about how to make
acceptable the strong bitterness that
came with all our food trials, and
decided to go for sweets. We made two
types of toffees, both traditional recipes

from Quebec. I guess we Quebecois have
a sweet tooth. The first is called ‘Tire SteCatherine’ and is a smooth toffee made
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from sugar, molasses, water, vinegar, something alkaline and a few other things.
It is pulled for a while when still warm
and turns golden. We cold-infused the
hops in water (10g of fresh hop/100mL
of water) and the final flavour was interesting. Just hoppy enough to add some
complexity to the taste and balance the
sweetness.
The second recipe is more hoppy. We
cold infused hops in cream (10g of fresh
hop/100mL of cream) and forgot about
it for more than a week. We finally used
that cream to make ‘Sucre à la crème’ or
Scottish tablet. In Quebec, it is a toffee
traditionally made from maple syrup,
cream and butter. Without the maple
syrup, it can easily be done with brown
sugar. The recipe is 1 parts cream hopped
cream, 1 part of fresh cream, 6 parts
sugar/syrup and 1 part of butter. Cook
it until it reaches 118°C, let it cool down
without disturbing until 50°C, then
whisk and pour into a mould. At the
whisking step, one can also add some
nuts. Cut before it cools down completely. The whisking process brings seeds of
crystallisation and makes the final texture sandy and moist at the same time,

without sticking to your teeth. Miam! Is
it better with hops? I’m not sure, but it
might be more interesting to pair with
coffee this way. Doing the same recipe
with proper maple syrup and cream a
little less infused hops would probably
turn out even better.
No more bitter-sweet for now. Further
directions include exploring some
of the more aromatic varieties from
Australia, New Zealand, and the US,
investigating different types of bitterness (co-humulone is often thought
to give a more rough bitterness at the
end, for example), and looking deeper
into different techniques for oxidation.
One of our collaborators at the Jacobsen brewery has even told us about an
experimental German variety he has
with 0% alpha acid – that’s exciting. In
addition, in the coming months we hope
to smoke food with the hops along with
wood chips, make new trials with alcohol infusion, and perfect the hop oil.
And even with all these trials, our freezer
is still full of dried hops. Any ideas are
welcome.

A side of bee larva with your afternoon
coffee?
January 22, 2014

By Edith Salminen
When a fellow researcher here at the
Lab asks me whether I’d like to give him
a hand doing field work for his thesis,
meaning feeding random Copenhageners bee larva soup, I say “Ja tak!”
Could there possibly be a better way to
spend an afternoon?
Jonas Astrup Pedersen is the Larva-man.
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Now an almost-graduated Master in
Food Science and Technology at University of Copenhagen, Jonas has been in
and out of this rocking houseboat for
as long as some of the oldest ferments
downstairs. He is passionate about
sensory analysis and experimentation,
coffee and sourdough bread – really
everything gastronomy. Being one of
the only Danes on board, Jonas has been
a wanted man these days, requested
to address various food-related topics

on Danish national TV and radio. Blood
and gluten are some of the more recent
ones. When he’s not busy doing public
appearances that is, Jonas is keen on
discovering how neophobic – or neophilic – Danes are in their foodways.
Ever since November, I’ve been sitting
across from him at the Lab watching
him meticulously busting his brain for
his master’s thesis on unravelling how
people perceive and accept novel foods,
using bee larvae as a case study. The
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Lab for him – as for us all – is both his
playground and safe-zone for quirky and
delicious experimentation. Stepping
out from this inspiring and encouraging
cradle can sometimes get rather knotty.
“If we manage to get 70 people to try
the soup today, that would be great,” he
says with his characteristic grin, as we
start prepping the vegetable and bee
larva soup in the morning for our first
service. It says ‘VISIBLE LARVAE’, ‘INVISIBLE LARVAE’, ‘NO LARVAE’ on a sheet of
paper next to the cutting board on the
stainless steel island. Three soups, one
base recipe with three slightly different
variations. Will people want to see the
larvae as they savour the soup, or is ignorance bliss? Will the bee larva flavour
be a sought-after twist to a perfectly
acceptable but otherwise banal veggie
soup? Let’s see.
By now, two months into my internship
at the Lab, I’ve learned to recognize the
very distinctive smell and flavour of the
fatty little creatures: nutty and buttery,
sometimes even mushroomy, and to
me much like this ubiquitous Swedish
“liver” paté that comes in a tube (super
addictive). I’ve only had them straight
up deep frozen and in Jonas’ soup, but
Josh describes fresh and alive bee larvae
as something close to fish roe in texture,
very delicate and “fucking delicious” in
flavour. Listening to Josh’s description, I
got the oddest urge to pop one of those
alive babies in my mouth. Deranged?

Bee larvae straight from our freezer

Totally, but also far from it. Talking about
how bee larvae burst against one’s
palate… I can but smile, stir the soup
and see how the tasty little suckers float
around in creamy veg stock together
with carrots, celeriac, leek and onions.
The whole boat smells of sautéed bee
larvae. Yup, very distinctively bee larvae
indeed. And we love it.

Off to the larva-mobile!
The Larva-man has chosen to do his
guerrilla soup tasting at three different
locations in order to reach the maximum variety of people. This excites me.
Not only do I get to see Copenhagen’s
many sides, but I’ll also get the chance
to observe different people accepting or
refusing insects as an edible food item.
The socio-anthropologist in me is on
alert.
First up, a suburban square by Spinderiet mall in Valby, a 15 minute bike ride
away from the centre of Copenhagen.
Valby is a kind of grudgy neighbourhood
further west from the hipster central
Vesterbro. Second stop, the humongous
shopping centre Field’s erected in the
middle of nowhere, on a field, hence the
(not very original) name. At Field’s you
get all kinds of people, students, teenagers, families, locals and foreigners: a
mish-mash of people living in Copenhagen for different reasons. Last stop,
Torvehallerne right by Nørreport station.
This bourgeois-bohème indoor market

is where the well-off Copenhageners
buy their (very expensive) food. It’s also
a favourite amongst tourists. Of all
three locations this is surely the most
foodie-like of them. Our presumption is
that the higher socio-economical status
might correlate to an increase of the
acceptance of our experiment.
“These are places where we’ll find
normal people,” Jonas explains. “Normal
people” are a rare breed here at the Lab
where the next person stepping on
board this mad, floating research centre
is probably somehow loonier than the
previous one. We often forget about
“those other types of people” who might
not, with immense appetite and lust for
umami, attack a container filled with
more or less mashed and rotten edibles
or, for that matter, a fragrant bowl of
bee larva soup. We didn’t really discuss
this potential challenge beforehand, but
we certainly expected to be confronted
with it to varying degrees in the different locations.
Jonas and I head to the first location
right after lunchtime, our car loaded up
with our three steaming soup pots. I
wonder how many Danes will choose a
side of larvae over a kanelsnurrer with
their afternoon coffee? As my Danish is
not quite there yet, I told Jonas I’d do the
people hunting and lure them in for him
to feed them larva soup. Game on.

Almost ready for service.
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Jonas working his charm on one of our first guests at Spinderiet
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Spinderiet. We definitely overestimated
people’s will and courage in trying novel
foods. “No thanks, I’ve got a chewing
gum in my mouth”, “I just ate”, “I’m
vegan”, “Why would I eat bugs”, “Are you
crazy”, “ I have no time for such nonsense”, “No time, sorry”, “Oh no, insects,
no, no, I thought it was free coffee”, “No
thanks, I’ve got a girlfriend” were some
of the reactions I got approaching our
potential targets. At the Valby mall women especially did not like the idea of a
bee larva soup dégustation on this crisp
winter afternoon. On the other hand
when I, as a woman, challenged young
and middle-aged men to try Jonas’ soup,
asking them if they’re “man enough”,
they obviously couldn’t say no. It proved
to be a good strategy and we got a decent number of hits with this method.
Nevertheless, my utmost respect goes
out to a mother of two boys, I’m guessing a 5- and a 9-year-old, who didn’t
hesitate having a fun and educational
pit-stop at Jonas’ soup shack. What a
cool mum! And the boys loved it too.

– the perfect crowd for our fieldwork.
Of course, it had to be the coldest day
so far this winter. Typical. With icy wind
and snow freezing to the core, we had
our doubts about how well it could go.
We served the soup out of our very cool
Lab bike right outside the entrance to
the market. Whether it was the weather
or the slow Monday, we didn’t have the
same stamina in our approach. However,
to our happy surprise, people actually
came to us. The ‘Nordic Food Lab’-branded bike surely helped in attracting
curious eaters. Not only did people want
to try the soups, but they were keen on
learning more about insects as food. We
had the privilege of feeding an Austrian
noma chef, a professor of landscape
architecture (and his gorgeous 1 year
old Samoyed doggie too), a group of
business school exchange students
from Australia, just to name a few. All in
all, Torvehallerne was the most fruitful
of the three locations.

Field’s. Damn, even harder than the previous location. People at Field’s were on
autopilot, wired to their smartphones,
impossible to be reached and couldn’t
be bothered to take part in our wacky
arthropodan experiment. It seemed as
though the “normal people” at Field’s
that cold and grey afternoon had no
interest in “new foods”, and as a matter
of fact, using those two words in the
first sentence of approach was not the
way to go. Enquiring “Have you ever
eaten insects before?” had a slightly
better effect, but still didn’t do the trick.
Frustrated, we had to face the obvious:
people were just more neophobic in this
part of town. Third time’s the charm, we
thought. However well one prepares for
such fieldwork, trying to reach out to
a maximum number of people across
the maximum range of a crowd is a real
Rubik’s cube.

Close to a hundred people accepted
the challenge of tasting Jonas’ bee
larva special, keen on trying a novel
ingredient with potential for expanding
cuisine. Unfortunately, at least the same
amount, if not more, bluntly declined.
For some reason, men were more prone
to savour the soup than women were.
An observation that made us hopeful
was that kids and teenagers seemed
more curious and keen to eat the larvae.
Could it be they are more open and have
a different attitude to the future, or
just a battle of gaining coolness points
by doing something outrageous? Let’s
be positive and go with the first idea.
Quite a few elderly people proved to be
gutsy too, even though most were hard
to convince at first. They were definitely
more open to spare us ten minutes out
of their busy schedules than others. Yet
if we only managed to hold people’s
interest while presenting our motivation
in a few sentences, it opened up a window in most people’s minds for what
they might consider food. It also proved
easier to attract couples or small groups.

Torvehallerne. “Foodies” and gourmands
pilgrimage here for quality food. Also a
lot of tourists come here to savour the
“chic and pure” taste of Copenhagen

(Don’t) Stop bugging me

The Lab bike parked at Torvehallerne

”Normal people” at Field’s

(From R to L) Me, Jonas and one of our most enthusiastic participants
at Torvehallerne. Thanks for the photo, Alex!
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Peer pressure and/or encouragement
from loved ones also seemed to make
it easier to accept and grasp what we
were trying to do.
Most importantly, these taste experiments in the field made us reflect on
how crucial it is to not forget about all
the “normal people” out there. Whether
it’s about them having different tastes
or a less-strong attraction to the new
and unusual compared to the people
in our immediate surroundings is a big
question worth thinking about. What
is usual here at the Lab is often weird

and disgusting for many folks out there.
Doing what we do is exciting and fun, at
times both dippy and inspiring – but if
we fail to reach out and convince others
unlike us to at least give some of these
foods a try, what is the point in the long
run? After all, our ultimate aim is to
share our food and ideas with everyone,
not just preaching to the choir or worse,
fuelling a load of foodie onanism.
In the car after our third and last guerrilla soup run, we drove in silence. I think
both Jonas and I had a lot on our minds,
many impressions and many questi-

ons without simple or straightforward
answers. As we parked the car outside
the Larva-cave, we glanced at each other
and smiled. We both knew… we’re lucky
to be where we are and this experience
was a much needed reality check. We
need reminders of the fact that there’s
a whole world out there to reach in
order to make people look at bugs – or
seaweed, or microbes, or any other neglected or underutilised ingredient – and
go, “Yum, I’ll have that for lunch.” For us,
it is the kick we need to give all of this
madness a real purpose.

Vinegar Science pt. 4: Slow Malt Vinegars
with Nordic Flavours
February 19, 2014

By Arielle Johnson

Overview
Traditional malt vinegar, most commonly doused on fish and chips, is not
regarded with much culinary interest.
In our quest for developing Nordic
vinegar, we found this widely produced,
commercial malt vinegar as a source of
inspiration for developing beer-base vinegars that held the potential for more
complex and interesting flavors. The
experimentation consisted of two types
of malt-beer bases. For one, we mashed
and fermented pale ale barley malt in
a style similar to home-brewed beer.
For the other, we brewed a koji-beer by
creating a mash as if koji were malt. This
method of brewing and fermenting koji
proved unsuccessful, so we tried using
another type of grain-based alcohol as
our base. We created barley koji sake,
which yielded much better results. To
these malt vinegar bases we added
flavourful foraged Nordic botanicals
and allowed the vinegars to continue to

SIDE 230 | NORDIC FOOD LAB |

slowly ferment for another 3-4 months.
___________________________________
After our descriptive analysis, we
wanted to experiment further, especially
with approaches to alcoholic fermentation and flavour addition. Could we better incorporate Nordic flavors like pine,
liquorice, and juniper, as well as things
like seaweed, which we have used at
Nordic Food Lab for other flavour and
functional purposes, into robustly-flavored, well-rounded vinegars with stability
and aging potential?
The obvious next step was to explore a
3-stage process: a sugar-to-alcohol yeast
fermentation, followed by the addition
of non-fermentable, highly-flavoured
ingredients (either during or after fermentation), and then a slow (3-4 month)
passive fermentation into vinegar following the addition of raw vinegar as a
starter culture.

Sugar and Alcohol

Initial ideas for sugar sources that could
contribute a pleasant but not overpowering flavour to a vinegar, that would
be available in the winter (in keeping
with our interest in seasonality), and
that would ferment nicely were apple
juice and birch syrup. Apple juice could
be reduced into a syrup through boiling,
and then mixed with uncooked juice to
reach a sugar level that would yield a
relatively mild vinegar. Similarly, birch
syrup, which has a much fruitier flavour
than maple syrup, could be diluted to a
comparable level. Both of these sugar
sources, we reasoned, should provide,
if not a blank canvas, then at least a
foundation to begin showcasing other
aromatic ingredients.
We were separately but simultaneously
experimenting with an insect-hopped
ale, and realized that beer malt was
another near-perfect base for new
vinegars. Relatively inexpensive, plentiful, covering a huge range of flavours
(all beers, by definition, involve malt;
the flavour range between, say, lagers,
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lambics, pale ales, baltic porters, and
quadrupels speaks to the versatility
and diversity of malting as a process),
and fairly easy to work with, malt also
allowed us to begin exploring vinegars
made from more specialty beers. Traditional malt vinegar is one of the most
widely-produced commercial varieties
of vinegar, but despite its ubiquity on
fish and chips, the commercial versions
are not so interesting culinarily. This
next-stage project would focus not on
getting the cheapest vinegar out of
malt, but exploring malt’s potential for
producing and supporting complex and
delicious flavours.
We mashed and fermented pale ale
barley malt (augmented with a variety
of other malts) in batches of 8 to 30L
with techniques likely familiar to home
brewers. Using some handy online calculators, we figured out how much malt
we needed to obtain a certain sugar
content. About 80% of malt mass can

be converted into sugar, and somewhere
between 60-90% of this sugar can be
extracted out of the grain – which in
turn yields a particular alcohol level and,
after acetic fermentation, a particular
concentration of acetic acid. We ground
the malts in a grain-grinder, small
enough for an efficient extraction but
not so fine that the particles would mix
with water and cause a ‘stuck’ or slow
fermentation.
The malt and hot water were mixed
together in an insulated container and
held at a temperature between 64 and
69°C, where the amylase enzymes in
the malt are most active, chopping
long starch molecules into small sugars
which yeast can metabolize into ethyl
alcohol. At the lower end of this range
(64-65°C), beta-amylases are more
active, leading to higher proportions of
disaccharides (called maltose), which are
wholly digestible by yeast. At the higher
end (67-69°C), a different form of the

enzyme called alpha-amylase becomes
active, and this indiscriminate digester
of starch yields maltose molecules as
well as many other larger oligosaccharides, called dextrins, which can contribute viscosity, body, and sweetness but
are not digestible by yeast. As such,
a slightly cooler mashing will yield a
drier, higher alcohol beer, while a hotter
mashing will produce a sweeter, more
viscous, and less alcoholic beverage. For
most of our batches we stuck to the
lower range, but for a few we heated the
mash up to higher temperatures at the
end to get a bit more body and sweetness in our resulting vinegars.
Many times, projects that may seem
new actually end up being reinterpretations of long-held traditions. In taking
malt through the brewing process, for
example, the question of to hop or not
to hop invariably came up. For vinegars
with a distinctly beer-like taste it would
make sense to hop the beer, but we also
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wanted to make at least some vinegars
whose flavours expressed the other
aromatic ingredients along with the
malt. A little research into the history of
brewing shows that the un-hopped beers we made were actually much closer
to the medieval and pre-early-modern
version of ale, which didn’t contain
hops until somewhere between the 11th
and 16th centuries. Totally unhopped,
alcoholic malted grain beverages, at
least in England, were called ales, to differentiate them from hopped versions
imported from Holland, which were
called beers. In fact, adding things like
pine needles, juniper wood and berries,
and other foraged herbs to the fermenting or finished wort actually reflects a
much earlier style of brew called gruit
(which often also included bog myrtle,
mugwort, yarrow, and/or heather), or
the still-popular Finnish beer sahti,
made with juniper berries and filtered
through juniper twigs.
At the same time that we were developing beer vinegars, we also started playing with roasting koji, which caramelizes
the sugars in the koji and creates new
flavours, similar to coffee or chocolate
but definitely its own creature. Our

friends at the Noma test kitchen put
this to excellent use in a mole dish (a
diverse group of sauces in Mexico, some
of which involve cacao), and we collaborated on different ways to get roasted
koji into vinegar – making alcoholic teas
out of it, pine-vinegar-1.0 style, and also
adding it to a beer mash with regular
malt. By exploring different roast levels,
ratios, and fermentation routes, we
made koji-beers in a variety of colours,
strengths, and flavours that then slowly,
with the addition of foraged botanicals,
continued on their way to becoming
vinegars. For the recipe for Ben’s first
roasted koji pale ale, check out our post
on roasting koji.

tion through mashing and heat involved
in beer-brewing, that in sake-making
involves Aspergillus oryzae grown on
grain (in our case, barley) to make koji,
which is sweet and full of amylolytic
enzymes, and then mixed with cool
water, more steamed barley, and yeast.
The koji will slowly convert the starch of
the steamed barley into sugar, and the
yeast will metabolize the sugar as it is
transformed into alcohol. Then, the sake
is strained off of the lees of grain, mold,
and yeast, and these lees – which still
have some enzymatic activity – can be
used for pickling (as in the traditional
Japanese kasu-zuke, sake-lee pickles) or
other purposes.

It seemed logical to also try brewing
with barley koji directly, rather than
as an adjunct to a malt fermentation.
Treating the koji like a malt – mashing it
with water at pro-amylolytic temperatures (64-68°C) – was unsuccessful, as
it had quite a low yield and also seemed
to induce some proteolytic action,
producing a funky taste that wasn’t altogether pleasant. Making a barley sake,
on the other hand, worked quite well,
and we’re excited to see what acetifying
this will lead to. Unlike the sugar extrac-

After brewing and fermenting the
beers/gruits with yeast under an airlock,
we began splitting the larger batches
and adding aromatic ingredients, as
well as starter vinegar, which we kept at
20% in order to control our comparisons
from batch to batch. Each vinegar batch
gets a cloth lid so oxygen can get in,
and we are keeping them in a safe place
until later, when we are planning to do a
more formal sensory analysis.

Cricket Broth
March 12, 2014

Recipe development for our Pestival
menu, by Nurdin Topham – now Head
Chef at NUR in Hong Kong.
As part of our own learning process
we tried making some simple stocks to
taste the inherent flavour of these different creatures, and to determine which
was the optimal proportion of insect to
use to impart the flavour.
After trying 10%, 20%, 30%, 40% we
found that 20% was sufficient.
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Once determining our basic ratio, we
began adding a few more variables with
the following recipes cooked sous vide
at 85˚C for 1 hour.
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White stocks
1. Cricket
60g 20% Crickets
0.5g 0.1% Sea salt
300g 100% H20
2. Cricket & Kombu
60g 20% Crickets
0.5g 0.1% Sea Salt
2g
0.6% Kombu
300g 100% H20
3. Meal worm
60g 20% Meal worms
0.5g 0.1% Sea Salt
300g 100% H20
4. Meal worm & Kombu
60g 20% Meal worms
0.5g 0.1% Sea Salt
2g
0.6% Kombu
300g 100% H20

Brown stocks
5. Cricket
60g 20% Crickets, roasted 12 minutes
@ 160˚C w/ 5g rapeseed oil
0.5g 0.1% Sea Salt
300g 100% H20
6. Cricket & Kombu
60g 20% Crickets, roasted 12 minutes
@ 160˚C w/ 5g rapeseed oil
0.5g 0.1% Sea Salt
2g
0.6% Kombu
300g 100% H20
7. Meal worm
60g 20% Meal worms
0.5g 0.1% Sea Salt
300g 100% H20
8. Meal worm & Kombu
60g 20% Meal worms
0.5g 0.1% Sea Salt
2g
0.6% Kombu
300g 100% H20
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Conclusion
The brown stocks were on the whole
better than the white. With the browning masking some of the ‘unpleasant
insect’ flavours. Cricket stocks were the
more pleasant, naturally sweet and
reminiscent of a prawn with a rounded
biscuity savoury flavour. The Meal worm
flavour was distinctively unpleasant –
the aroma and flavour was hidden and
improved with roasting which gave rise
to chicken skin flavours and a crispy
texture.

During a research visit to the Copenhagen zoo we learnt that often crickets’
diet is based on 1/2 cereals and 1/2 fish
feed. We wondered to what extent the
fish feed influenced the flavour of the
crickets – more work could explore the
effects of different feeding regimes on
flavour. After speaking to different suppliers, we found crickets fed on grasses,
not on fish food, and this improved the
flavor dramatically.

After these initial trials we decided to
pursue a broth as a concept to present
the pure taste of insect. So we continued to investigate how to best obtain
this purity of flavour.

Cricket Broth

Some notebook diagram notes:

Our first task was to try testers of different stock cooking methods – in a pan,
sous vide, and in the pressure cooker. We
found sous vide to provide the cleanest
flavour.

fig. 2: broth 2 - production batch

fig. 1: cricket broth trials
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Final broth recipe
Base brown cricket stock
1000g
100%
Water
200g
20%
Crickets roasted,
preheated Rational 160˚C for 18 minutes
4g

0.4%

Sea salt

Combine in sous vide bag and cook @
85˚C for 1 hour, then chill.
For the clarification & final broth
500g
100%
Brown cricket
stock, reduced by half, cold
165g

33%

Crickets roasted

in a preheated oven at 160˚C for 18
minutes
50g
10%
sliced 2mm

Carrot, finely

50g
10%
sliced 2mm

Shallot, finely

50g
2mm

10%

Leek, finely sliced

80g

16%

Chicken breast

50g

10%

Egg white

10g
garum

2%

Grasshopper

Method
Puree chicken breast and egg white
together at full power for 20 seconds.
Mix ingredients together in a vacuum
bag and seal under full vacuum. Cook
at 85˚C for 1 hour, pass through a fine
super bag, taste and adjust the balance
of seasoning with a little grasshopper
garum if necessary.
When preparing for larger numbers we
cooked the clarification traditionally in a
large stock pot.
At the Pestival event, we served alongside the roasted desert locusts.

Photo: Wellcome images
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Vinegar Science pt. 5: Recipes
March 22, 2014

By Arielle Johnson

Strawberry Vinegar:

Overview

1. Juice strawberries.

What follows in our last post in this
5-part miniseries on the hows and whys
of vinegar making are some of the recipes we developed using the previously
discussed techniques and methods. There are three recipes: one for celery vinegar using the ethanol addition method
and single (acetic) fermentation; one
for strawberry vinegar using a double
(alcoholic and acetic) fermentation and
aquarium bubbler; and one for roasted
koji ale vinegar, using a triple fermentation (fungal saccharification, alcoholic,
and acetic), and passive aeration.
___________________________________

2. You want juice with 12.5-15% sugar to
reach 6-8% alcohol post-fermentation.
Your juice alone will probably not have
this much sugar. Split the juice into two
even volumes, reduce one on the stove
by about 3/4, then combine them to
attain this range. This method assumes
you have about 8% sugar in your strawberry juice to begin with. If you have a
refractometer, take measurements and
calculate; or, cowboy it by taste and let
us know how it turns out, we’re curious.

Young Celery Vinegar:
1. Juice celery in a juicer – you should get
a yield in juice of approximately 50% of
the initial weight.
2. Add high-proof alcohol to the celery
juice until the mixture has an ethanol
concentration of 6-8%. If you’re using 80
proof liquor to do this, only 40% of what
you’re adding is ethyl alcohol so plan
accordingly.
3. Add 20% of a raw, unpasteurized
vinegar you like the flavour of – either a
previous batch of homemade vinegar, a
commercial vinegar, or vinegar mother.
4. Submerge an aquarium air pump and
airstone in the vinegar, cover the container with something air-permeable, like
cheesecloth with a fine weave or a side
towel ( you’ll want to keep fruit flies out
but let the air you’re pumping in escape)
and aerate the mixture until it tastes
strongly of vinegar, approximately 3-8
days.
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4. Add champagne or white wine yeast
to your strawberry juice, seal it with an
airlock, and let it ferment until it stops
bubbling (it should taste dry and alcoholic), somewhere around 7-14 days.
5. Rack the strawberry wine off the yeast
lees, add raw unpasteurized vinegar at
20%, and either aerate or let stand for
2-4 months.

Roasted Koji Ale Vinegar (with botanicals)
(Makes 25 L of beer, 30 L of vinegar)
1. Make Koji: Soak 1.5 kg of pearled barley
overnight, steam it for 1.5 hours, cool to
35˚, inoculate with 1.5 g koji spores (1g/
kg dry grain if using pure spores; 20g/kg
if using koji-kin), spread into a 2cm layer,
cover with a damp towel, and incubate
in a humid room at 30˚. Stir and turn
after 6, 12, and 18 hours. The koji is ready
when a fuzzy white mycelium binds the
grains together; if it has started turning
green, use these parts for spores but
don’t cook with them. Roast the koji at
175°, mixing frequently, until it is dark
golden brown.

2. For easier fermentation and improved
beer flavour, make a yeast starter. Make
2L of wort the day before brewing by
diluting malt extract or dried malt in
boiling water to about 12-13% sugar, let
cool, and add a packet of dried yeast or,
better, a tube of yeast culture like White
Labs California V Ale Yeast, and let it
grow for 24 hours before you brew. Adding this larger amount of yeast to the
25 L of wort stresses the yeast less.
3. Grind 4500 g of Maris Otter Pale Malt
or another similar malt, and 1900 g of
roasted barley koji.
4. Pre-heat a large insulated container
such as a large thermal drink dispenser
or cooler by pouring boiling water into
it. This container is your ‘Mash Tun’. It
will make your life much easier if it has
a tap at the bottom out of which you
can drain liquid, and even more so if you
attach a piece or a cylinder of wire mesh
to the opening as a filter)
5. Heat 15 L of filtered water to 72°C. This
is your ‘strike water’, and you want it at
a temperature so that when you mix
it with your grain, they will be at 65°C.
Use this calculator for a more precise
estimate.
6. Combine the grain and the heated
water in the pre-heated insulated container, make sure the temperature of the
mixture is about 65°C, stir it, put a lid on
it, and let it sit for an hour. Right now
you’ve activated amylolytic enzymes in
the malt which are converting starches
into sugars, and these sugars as well
as other flavour compounds are being
extracted into the water. The extracted
grain is your wort.
7. Heat another 15 L of water to at least
72°C; it can be boiling.
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8. After an hour, slowly drain the wort
off the grain with the tap on your mash
tun. This is called lautering. Minimizing
exposure to air, for example by covering
the spout with tubing, will prevent oxidative flavors. Your wort will probably be
fairly cloudy. If the mash tun has no tap,
you can pour all of it through a strainer
to separate the spent grain from the
wort.
9. To filter the wort further and extract
more sugar, slowly pour the drained
wort over the grain bed again one or
two times, preferably through some kind
of perforated plastic so the wort trickles
over the whole surface and contacts all
the grain.
10. Pour the second batch of 15 L of water
slowly over the mashed grain and collect it. Mix the original wort with this
second batch of wort. [i]
11. Let the wort cool and take a sample
to measure its sugar content by specific
gravity. This is done with a hydrometer,
which floats in the wort and measures
its density by how high or low it floats.
Assuming you’ll have a small amount
of sugar and other dissolved solids left
when the yeast have finished their fermentation, you want an original gravity
of about 1055-1060, which means that
the wort has a density that is 1.055-1.06
times that of water. A higher gravity
means higher sugar, and either a sweeter or higher-alcohol beer. You can add
water or boil down to adjust the gravity.
You can also check the sugar content
with a refractometer, which measures
degrees brix, or percentage of dissolved
solids calibrated to sucrose.
12. When the wort is at about room
temperature, add yeast. We recommend
White Labs Burton Ale Yeast, WLP023, as
a starting point. Put the yeasted wort
in a sealed container with an airlock

and let it ferment until you like the
sweetness-alcohol balance; for vinegar
you may want to stop it before it gets
completely dry. This will take about 1-2
weeks. Either at this point or at the next
step when you add vinegar starter, add
0.5-5% by weight of botanicals, depending on intensity and desired aromatic
balance. We have used juniper berries,
juniper wood, pine needles, liquorice
root, and kelp.
13. Add 20% of the volume of beer of
unpasteurized raw vinegar to the beer.
Cover the container with an air-permeable cover, like a clean kitchen towel or

muslin, and let it sit in a relatively warm
place for 2-4 months, tasting every 2-4
weeks, until it reaches an acidity level
that you like.
[i] At this point, if you want to turn
it into beer, you’d take hops, and boil
some of them in the wort for an hour
and then add the rest to boil for a short
amount of time- the long boil transforms some of the hop compounds into
bitter-tasting isomers, and the short boil
will provide more hop aroma. Hopped
beer can be made into vinegar, too.
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There will be slime
April 10, 2014

By Edith Salminen

Overview
Nordic people love fermented milks,
with an average intake per person of
100g a day. We have in the Nordic region
a distinctive subfamily of fermented
milk and cream products sometimes
referred to in English as the “ropy milks
of Scandinavia”. These ropy milks are
rather similar in flavour and acidity, but
differ in consistency and mouthfeel.
The Finnish one is called viili and it is
a traditional fermented milk product
involving lactic acid bacteria (LAB) that
enjoy ambient temperatures between
17 and 22 °c, as well as a surface mould
which makes the product unique in
taste, aroma and appearance compared
to all other Nordic fermented milks.
The mould growing on the surface is
Geotrichum candidum (the same mould
which plays a crucial role in the development of certain cheeses). It feeds on the
cream and forms a tasty, slightly fuzzy
upper layer.
The slimy ropiness of viili is created by a
specific strain of LAB called Lactococcus
lactis subsp. cremoris. Other LAB strains
used in industrially produced viili are
Lactococcus lactis subsp. lactis biovar
diacetylactis (contributes to flavour)
and Leuconostoc mesenteroides subsp.
cremoris. These LAB strains produce
long chains of exopolysaccharides.
Exopolysaccharides are long chains of
many (‘poly’) sugars (‘saccharides’) that
are excreted from the cell (‘exo’) as part
of its metabolism. Other, more known
exopolysaccharides commonly used in
the food industry are Xantan and Gellan
gum.
Viili was traditionally made in wooden
barrels, often made of alder wood. Nowadays, one doesn’t need to carve a bar-

SIDE 238 | NORDIC FOOD LAB |

rel of alder: making viili is a no-brainer. If
you have full fat, good quality, unhomogenized cow’s milk, a 200ml plastic or
glass jar and a viili seed you’re good to
go. Go ahead and try it for yourself. Let
there be slime!
___________________________________
Nordic people love their fermented
milks, with an average intake per person
of 100g a day. Finns and Danes rank highest in the bunch with a ravishing 41 kg
per person per year (Fondén & et al. in
Tamine 2007)! Yet what is perhaps less
known is many people’s proclivity for a
bit of slime in their fermented milk.
We have in the Nordic region a distinctive subfamily of fermented milk and
cream products that Harold McGee refers to as the ”ropy milks of Scandinavia”
(McGee 2004, 50). These yoghurt-like
substances are known under different
names depending on their geographical
origins: långfil in Sweden, tettemelk in
Norway and viili in Finland. These ropy
milks are rather similar in flavour and
acidity, but differences in consistency
and mouthfeel are noticeable even to a
non-Nordic palate.
I am Finnish so viili is my bread and butter. Let me tell you a story of viili.

Viili
Viili is a traditional Finnish fermented
milk product involving mesophilic
bacteria[1]. In some scientific papers it
has also been classified as a “mouldlactic fermentation product” (Tamine
& Marshall in Law 1997). Viili is the
modern version of old-school filbunke
traditionally produced in Sweden, from
where it made its way to Finland when
the two countries were one roughly
from the 12th century up to the year
1809 (Fondén & et al. in Tamine 2007). It

is hard to say how long viili has existed,
but there are records of it being produced and consumed in Finland since the
19th century. Somewhere along the way,
distinct from its Swedish ancestor, viili
gained a mould growth on the surface,
which makes it unique in taste, aroma
and appearance compared to all other
Nordic fermented milks (Law 1997).
Beautiful, delicious surface mould.
Today, viili is mostly considered as breakfast or a snack, whereas back in the days
it was regarded as a full meal, especially
in summertime (Linquist 2009, 79).
Nowadays viili is most often consumed
topped with sugar and cinnamon, or
served with fruit. To give viili a modernising face-lift, fruit-flavoured and
-coloured industrial viili called Viilis was
introduced to the market in the 1980s
and continues to be popular among
children (Tamine & Robinson 1988).
The reason why I decided to get to know
my beloved slimy friend more deeply
is because I have been taking it for
granted all these years. Available in any
little kiosk or food store in Finland, viili is
no longer an artisan product as it used
to, the viili seed passing from mother to
daughter. I want to change that.

Once upon a time…
The first commercially sold viili was produced in a sauna hut by a riverbank close to the town of Sipoo in South-eastern
Finland in 1929 (Ingman 2013; Wallén
2003). A young man called Hjalmar
Ingman made his first trip to Helsinki to
sell his viili – thirty 1-liter wooden jars of
it to be exact – on June 23rd of that year.
Safe to say his efforts paid off. Ingman’s
viili was a succulent success. Except for
a brief halt in business from spring to
October 1941 due to WWII, Ingman’s viili
business kept growing. In 1960, he foun-
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ded Hj. Ingman Ky, a public organization
owned by a group of municipalities.
That is also when his viili would become
available in the first milk shops such
as Wickström, HOK and other Finnish
supermarkets (Wallén 2003, 220).
As mentioned above, viili was traditionally made in wooden barrels. According
to old sources, the best wood to use was
alder wood. Whether the wood added
some important aromas or flavour to
the final product or had some other
particular function is uncertain, but
one could guess it did. When time to
eat, the viili barrels (hence the Swedish
name filbunke, or ’viili bowl/barrel’)
were placed in the middle of the table
for shared consumption. The unwritten
eating rules were common knowledge:
one should always keep to one’s own
corner of the barrel and one was never
to only skim the creamy surface that
for many was the most delicious part.
From the 1920s onward the wooden
barrels were gradually replaced by single
serving glass jars (Lindquist 2009, 78).
Nowadays, viili is sold in plastic singleportion-sized (250g) containers sealed
with an aluminium foil cap.

Determined and young Mr. Ingman
(Wallén 2004)

It’s all in the slime

What is so precious and exciting about
viili is its distinctive ropy and gelatinous
consistency, which gives it its characteristic mouthfeel. Other Nordic fermented
milk products with mesophilic bacteria
have this to some degree, but viili is
downright the slimiest I’ve encountered.
Slurp a spoonful of viili and you can feel
how it holds together firmly but softly.
In fact, viili is so cohesive that if some of
the viili spills out from its container the
rest of it will most probably be dragged
out of the container too. It’s like a dairy
slinky. As a kid I remember thoroughly
enjoying and playing with this feature.
The slimy ropiness is created by a specific strain of lactic acid bacteria (LAB)
called Lactococcus lactis subsp. cremoris.
Other LAB strains used in industriallyproduced viili are Lactococcus lactis
subsp. lactis biovar diacetylactis (contributes to flavour) and Leuconostoc mesenteroides subsp. cremoris (Meriläinen
1984). These LAB strains produce long
chains of exopolysaccharides at the correct fermentation temperature to create
the characteristic consistency and also
contribute to the aroma and flavor profile of viili (Kahala & Joutsjoki 2012, 177).
Exopolysaccharides are long chains of
many (‘poly’) sugars (‘saccharides’) that
are excreted from the cell (‘exo’) as part
of its metabolism. They have multiple
applications in various food industries,
as their properties are almost identical
to different plant and algal gums currently in use (e.g. xantan gum, gellan
etc.). In general, the various exopolysaccharides are increasingly used to attain
certain wanted textures and consistency
as well as to improve physical stability
in food items (Giavasis & Bilideris 2007).
To give you a concrete and more familiar
example, Gellan gum (E number E418)
forms soft, elastic, transparent and
flexible gels, but forms hard, non-elastic
brittle gels once de-acylated. Xanthan
gum (E number E415), another common exopolysaccharide and often used
in gluten-free baked goods, hydrates
rapidly in cold water without lumping
to give a reliable viscosity, encouraging

Roby viili

its use as thickener, stabilizer, emulsifier
and foaming agent.
Moreover, the naturally-occurring
exopolysaccharides that give rise to
sliminess also prevent syneresis (the
expulsion of water from a gel) and graininess, resulting in a pleasant natural
thickness in the product (Macura &
Townsley 1983). According to Sundman,
It is thanks to these exopolysaccharides
that the Nordic ropy fermented milks,
and viili in particular, keep longer than
many other fermented milk products
under the same conditions (Sundman
1953).
Certain LAB strains, but also yeast and
fungi, excrete exopolysaccharides as
part of their metabolism. Research
shows that these molecules have beneficial effects to human health, being
antitumorous, immunostimulatory,
hypocholesterolic and hypoglycemic
(Giavasis & Bilideris 2007.) The exopolysaccharides do not interact directly
with the pathogenic agent, but they
do stimulate the immune system to
respond and are therefore referred to as
“biological response modifiers” (Giavasis
& Bilideris 2007).
(For more on lactic acid fermentation,
read this article on the blog and listen to
this podcast of one of our talks for noma
stagiaires and staff.)
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[1] Gellan gum molecule. Source: Water Structure and Science, Martin Chaplin, 2012.

[2] Xantan gum molecule. Source: Water Structure and Science, Martin Chaplin, 2012

Delicious mould

[3] Lactococcus lactis subsp. cremoris, bar: 1 µm. Photo by Bart Weimer,
Utah State University.
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Often, moulds and fungi tend to not
tolerate lactic acid bacteria very well,
that is why you rarely find, for example,
green mould on your yoghurt (unless its
very old) (Frisvad 2014, personal communication). But what distinguishes viili
from its other Nordic counterparts is in
fact its delicate mouldy surface. When
making viili, the milk cream rises to the
surface (a normal occurrence when
unhomogenized milk is left to stand).
Many Finns consider this upper layer the
most delicious part of viili, as do many
of us at the lab. This deliciousness is not
only because it is composed of cream
(duh) – the mould Geotrichum candidum (which plays a crucial role in the
development of certain cheeses, particularly small-format goat’s cheeses from
the Loire Valley) feeds on the cream and
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forms a tasty, slightly fuzzy upper layer
(Kurmann et al. 1992).
The G. candidum also contributes to
viili’s overall flavour formation giving
it some fruity and mushroomy notes.
Like most other moulds, G. candidum
is aerobic and therefore only develops
on the surface of the viili (Frisvad 2014
personal communication). This mould
also consumes lactate (any salt or ester
of lactic acid). This process lowers the
acidity in viili resulting in a mild and
delicate, slightly acidified milk flavour
– less acidic than the similar Swedish
långfil, for example. As moulds consume
oxygen and produce carbon dioxide, an
airtight viili jar bought from the store
can be slightly carbonated when opened
– totally fine, and totally tasty (Kahala et
al. 2008,105). Some of this carbonation
could also be due to heterofermentative
LAB. In addition to G. candidum, traditional viili also contains the yeast strains
Kluyveromyces marxianus[2] and Pichia
fermentans. In industrially-produced
viili, however, these two yeast strains are
considered contaminants.

All for slime and slime for all
Making viili is a no-brainer. If you have
full fat, good quality, unhomogenized
cow’s milk, a 200ml plastic or glass jar
and a viili seed you’re good to go (unless

you happen to be located in a very warm
climate). When in Finland, one can walk
into practically any little food store or kiosk and find viili next to milk, butter and
yoghurt. In Denmark on the other hand,
viili is nowhere to be found, but that’s
what kind mothers are for. A quick call
to Finland and I had both a viili seed and
my mother in Copenhagen a week later.
That’s what I call a special delivery.
But do not worry, fellow viili-lover –
there is another way to get your viili
going if you don’t happen to have a mother in Finland. To my delightful surprise
while reading Sandor Katz, I discovered
that a viili seed, a real traditional one,
was transported dried in a piece of cloth
to the United States over a 100 years
ago. The family with Finnish origins,
now American, run a webstore called
GEM Cultures selling various microbial
cultures that have been in their family
for ages, and among them a viili culture.
Similar online stores selling viili seeds
are Happy Herbalist, Cultures for Health,
and Yemoos Nourishing Cultures. I
tried the latter, just out of curiosity and
because they send you the seed dried. I
also discovered a woman from Norway
named Eva Bakkeslett, an artist and cultivator who as a part of her artistic work
uncovers forgotten or rejected practices,
concepts and cultures which she then
cultivates and shares with others. Eva

has made a whole anthropological art
project on my beloved slimy milk! Check
out her work here.
It never ceases to amaze me when,
concentrating on one single esoteric
subject, one finds leads and connections
all over the world. We often become
so used to our distinctive cultural food
items that we forget their peculiarity
and their beauty. Stumbling upon these
viili lovers all the way in the United States really made me appreciate this odd
Finnish dairy product even more.
As we speak, there are containers of
different sizes all over the lab breeding
slimy deliciousness. Though I have to
admit that stepping outside of my culturally constructed box when it comes
to viili has been challenging. What to do
and what to create with something that
is already so good and special as it is?
How to give a new angle to it without
losing its essential character? Luckily
this is what we do here at the lab and
I’ve got a great team pushing me to
rethink viili and all its potential. The full
results of my viili experiments remain
to be seen, but what I know without
a doubt is that I have an important
mission to spread the seed. Getting the
sporadic visitors and curious passers-by
to take home a few tablespoons of viili
is my immediate aim. So far viili seeds

[4] Geotrichtum candidum x1000 LPCB stain.
Photo by George Barron 2013.
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have travelled to Norway, Austria, Greece
and back home to Finland. Slowly but
surely, my humble Finnish ropy milk will
take the world over. There will be slime –

Milk, Wiley-Blackwell, 2006.

to be continued...

Fuquay et al. Encyclopedia of Dairy
Sciences 2nd Edition Second Edition,
Academic Press, 2011.

Footnotes
[1] Mesophilic bacteria are medium temperature bacteria, a group that grow and
thrive in a moderate temperature range
between 20°C and 45°C. The optimum
temperature range for these bacteria in
anaerobic digestion is 30°C to 38°C.
[2] This yeast is also produced commercially as a nutritional and bonding agent
for fodder and pet food, and as a source
of ribonucleic acid in pharmaceuticals.

Images
[1] http://www1.lsbu.ac.uk/water/hygellan.html (Accessed March 24th 2014).
[2] http://www1.lsbu.ac.uk/water/hyxan.html(Accessed March 24th 2014).
[3] http://www.magma.ca/~scimat/
science/Leuconostoc.htm (Accessed
March 18th 2014).
[4] https://atrium.lib.uoguelph.ca/
xmlui/handle/10214/6084?show=full
(Accessed march 18th 2014).
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Moth Mousse
April 22, 2014

Recipe development for our Pestival
menu, by Nurdin Topham – now Head
Chef at NUR in Hong Kong.
The juicy larvae of the wax moth simply
blanched in water for a minute has
a naturally sweet taste, but both the
texture and appearance are barriers to
consumption.
We pureed the larvae and passed it
through a very fine mesh to remove the
unpleasant stringy fibres. Once passed,
we tied the puree into a roulade using
cling film and poached it at 65˚C for 8
minutes.
The result had a delicate ‘insect’ sweetness that was not totally unpleasant,
however owing to the lack of integral
protein (about 10%) the purée did not
quite set. The flavour was vaguely
similar to a light sea scallop mousseline,
a recipe from the classic French kitchen
with the addition of cream.

Some early trials, before finding the right setting agent.

We wondered, could we use this larva
to create a super-light mouse – as an
expression of the lightness of a moth
and its pursuit towards the light.
We experimented with the use of setting agents and found a small amount
of chicken puree incorporated in with
the larvae worked most effectively,
when blended with a little cream.
We began experimenting with flavour
pairings and textures to accompany
what was developing into a silky
smooth mousse. The month was April
and things were just turning into spring,
so were thinking green – we tried raw
cucumber juice with verbena, asparagus
juice with pine oil, grilled asparagus
juice, grilled cucumber juice, each time
with an assortment of vegetable preparations, wild herbs and flowers. While
the dishes looked attractive they lacked
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75g Passed chicken puree* (passed
through a very fine sieve)
2g
Sea salt
5g
Faux foie seasoning (optional, but
recommended – recipe to come)

3. Morel & hazelnut cream:
cohesion in terms of flavour.
Initially we worked with cream in the
mouse; then we tried smoking some
skyr, which didn’t work as its acidity
produced a grainy split paste instead
of the silky-smooth, just-set cream we
were after. The smoke, though, was very
pleasant. We continued to smoke cream
with juniper wood which was delicious,
interesting and rich.
Then we moved into a range of nut
creams, and tested a few with the
larvae. We decided finally on hazelnut
as the best pairing with the wax moth
larvae, and when smoked it really
worked. The smoke, the nuts, and the
delicate sweetness of the wax moths
worked well with a simple mushroom
sauce made from dried morels, a little
mushroom stock, some hazelnut cream
and infused with some lemon verbena
at the end.

Moth Mousse, hazelnuts & morels &
‘faux foie’
Yield: 10 x taster portions / 4

Ingredients
1. For the smoked hazelnut cream:
200g Hazelnuts, skins removed
400g Water, filtered
0.4g Xanthan gum
5g
shaved Juniper wood & Polyscience smoke gun

2. For the moth mousse:

200g Wax moth larvae, blanched 5 seconds in boiling water, refreshed in iced
water, drained and dried
200g Smoked hazelnut cream from the
above preparation
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100g Morel mushrooms, dried, rehydrated in 600ml water overnight
600g Chestnut mushrooms, finely
sliced 1mm
60g Unsalted butter
60g Shallots, finely sliced 2mm
300g Smoked hazelnut milk
60ml Mead, dry not too sweet
10g Faux foie (optional)
3g
Fresh lemon verbena
Sea salt

4. Morel crisp
30g
30g
5g
lent)
3g

Morel puree
Egg white
Koji extract (optional but excel-

Faux foie (optional)

5. Ingredients to garnish and plate:

2. To make the moth mousse:
In the chilled jug of a thermomix blender, Blend the wax moth larvae with
100g of the smoked hazelnut cream on
full power for 1 minute. Scrape down
the sides of the blender jug and repeat
3 times. Pass this puree through a very
fine mesh you should yield 140g, reserve
on ice.
Return the passed wax moth larvae puree to the chilled jug of the thermomix
blender. Add the passed chicken puree,
100g smoked hazelnut cream and seasonings. Blend to achieve a silky smooth
mousse.
Prepare a tester by wrapping 30g of the
mouse mix in a cling film boudin and
poach at 65˚C in a water bath for 10 minutes. Taste to adjust the seasoning. the
mouse should be light and delicate with
gently smoky flavour. Once satisfied
with the seasoning wrap in cling film
and reserve on ice until ready to cook.

20g Unsalted butter
150g Fresh / rehydrated morels, small,
well washed and dried
15g Dry mead
3g
Lemon verbena, fresh leaves
10no Garlic flowers

Method
1. To make the smoked hazelnut milk:
Blend the hazelnuts and the water
together for 2 minutes on high power in
the thermomix. Leave in the fridge overnight. Squeeze the liquid through a fine
superbag to separate the pulp from the
cream. You should be left with a yield of
440-450g. In a blender on high power
incorporate the xanthan gum with the
hazelnut milk.
Decant the hazelnut milk into a large
bowl and cover with cling film. Using
the smoke gun fill the bowl with juniper
smoke and allow to infuse, covered for
10 minutes. Repeat this process to develop a pronounced smoky flavour.

*It is important to keep the temperature
cool to ensure the mechanical action of
the blade does not generate heat which
could begin to coagulate the chicken
protein, resulting in a grainy texture in
the finished mousse.

3. To make the morel & hazelnut
cream:
First make the mushroom stock: in a
large frying pan, caramelize half of
the sliced chestnut mushrooms in
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30g unsalted butter until golden and
crisp. Separately soften the remaining
mushrooms in a dry pan. Strain the soaked morels, passing the soaking liquid
through a fine mesh to remove any grit.
Add the caramelized mushrooms and
morel soaking liquid to the softened
mushrooms. Simmer for 20 minutes,
skim and remove from the heat and
allow to rest for 20 minutes before pressing and passing the mushroom stock
to extract all the liquid.
For the sauce, soften the finely sliced
shallots for 8 minutes on a low heat until translucent, with no colour. Stir in the
morels and cook for a further 5 minutes.
Add the hazelnut milk, boiled mead
and mushroom stock, and simmer for 15
minutes. Remove from the heat and add
the lemon verbena sprig, cover to infuse
and allow to rest for 20 minutes before
blitzing for 10 seconds with a hand blen-

der and passing through a fine sieve.
Taste and adjust the seasoning, adding
the faux foie if using.

4. To make the morel crisp
Mix the ingredients together and spread
in a fine layer on a silpat mat. Place
in a dehydrator at 55˚C for 5-6 hours
until dehydrated and crisp. Break into
shards and store in an airtight container,
with a packet of silica gel to keep dry if
available.

Reheat the morel and hazelnut cream,
blend to emulsify and lighten. Lift the
boudins blancs from the water bath, cut
to remove the cling film, portion and
place the moth mousse in warm bowls.
Spoon over the morel and hazelnut
cream, top with the sautéed morels,
morel crisp and a few small leaves of
verbena and garlic flowers.

5. To garnish and serve
Poach the moth mousse boudins blancs
as with the testers at 65˚C for 10 minutes. In a little unsalted butter, sauté
the morel mushrooms briefly with a
little sea salt and a splash of dry mead.
Remove from the heat add a sprig of
verbena, the faux foie if using and cover.

Ramson and friends
May 14, 2014
By Avery McGuire
Spring is upon us. The sky is a vast and
brilliant blue. The sun is bright and blinding, and lingers longer each evening.
Flowers speckle the first grass with
yellow, white and periwinkle. The air is
sweet with new life.
The city is awake. People are out, their
cheeks blushed, wrapped in blankets
with hot coffee or cold beer in hand,
soaking up every golden drop of sun no
matter how chilly it may still be.
Step out your front door and watch the
world budding. There are new shoots
and buds, delicate young leaves, and
the very first flowers – many of which
are not only safe to eat, but healthy and
delicious!
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Ramson
Over the last few years, ramson (Allium
ursinum), a variety of wild garlic, have
(re-)entered into mainstream food and
become quite popular. You can find ramson pesto, soups and oils on restaurant
menus across Europe. You can even find
fresh ramson being sold in higher-end
grocery stores and food markets. A similar resurgence has been happening in
the US and Canada with ramps (Allium
tricoccum), the eastern North American
wild garlic. But why buy it when you can
forage it for free?
Ramson grow abundantly and are easy
to identify, making it a great plant for
beginner foragers. They favour semishady areas and grow mostly in wooded
areas or along riverbanks – usually in
large colonies, often covering 100 square
meters or more (Irving 2012). Here in
Copenhagen you can find them all over
Assistens Kirkegård, Amagerfælled,
Kalvebod and Kongelund – just to name
a few spots.
Ramson have long elliptical leaves that
taper to a point. The leaves are slightly
ribbed and brilliant green. As the season
progresses the plants will produce a
tight, rounded cluster of small white,
6-petalled flowers. At their root is a
small bulb which looks like a clove of
garlic. When the leaves are crushed they
smell strongly of garlic.
Miles Irving, a professional forager in the
UK, has some words of advice for how to
distinguish ramson from lookalikes:
“The leaves are the easiest part of the
plant to harvest – however they can be
confused with other plants. Two of the
most important potential lookalikes are
Lily of the Valley (Convallaria majus) and
Lords and Ladies (Arum maculatum).
Lords and Ladies often grows in amongst ramsons so it can slip into a bag if
you are not picking carefully.
Both of these plants are highly poisonous, so it is important to be fully
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familiarised with them before harvesting ramsons. However, neither of them
smells of garlic so if you think you have
found ramsons always crush a few leaves and smell them, as part of the wider
identification process.”
— Irving, 2012
Rasmon are extremely versatile in the
kitchen. They have strong garlicky characteristics yet are also quite herbaceous
and floral. They are great in pesto, infused into oil or vinegar, mixed into butter,
blended into soup (nettle season is here
as well!), incorporated into pasta dough,
eaten fresh by the handful…
The ramson season only lasts a month
or two so one had better act fast. By
now, they are producing flowers and in
some places, will have already begun
producing fruits – small three-lobed
fruits with an intense garlic flavour,
delicious and powerful fresh and perfect
for pickling and lacto-fermenting.
Yet ramson are just one of many tasty
wild plants available at this time of year.
Here are some other plants you might
find walking though a park, in the forest
or along the beach:

Purslane (Portulaca oleracea) –

this succulent ‘weed’ is somewhat crunchy with a slight lemony taste. It can
be tossed into salad or used in place of
spinach in many recipes.

Dandelions (Taraxacum officinale) –  

You can eat the roots, leaves and flowers
of this common ‘weed’. Toss the leaves in
a salad or cook them into a quiche. Roast
or boil the roots as your would parsnips.
Add the bright yellow flowers to your
next salad for a pop of color and an added zesty flavor. Or dip them into batter
and fry them.

Violets (Viola odorata) –

These delicate purple flowers are often
used as decoration on cakes and other
confections. They can be infused into
cream for custards and ice creams, or

infused into spirits. They can also be
brewed into tea or added to lemonade
for a refreshing floral summer drink.

Lambs quarters or goosefoot (Chenopodium album) –

The leaves of this plant are a bit bland
but highly nutritious. Use them as you
would spinach. Sauté them in garlic and
oil, use them as pizza topping or turn
them into soup. Although they are not
the most interesting wild plant, they
grow abundantly in many areas of the
world, and are one of the most common agricultural ‘pest’, growing quickly
between crops and along fields and
hedgerows. More interesting then the
leaves of this plant are the seeds, which
can be dried and ground into flour to be
incorporated into bread or other baked
goods. The seeds have a very tannic and
earthy taste (they are in the same genus
as quinoa) and a bit of a coarse texture.

Nettle (Urtica dioica) –

Make sure you wear gloves while
harvesting this plant. The leaves cause
an uncomfortable stinging sensation.
Do not worry though, this defense
mechanism will disappear after just 30
seconds of cooking the leaves in boiling
water. Alternatively, sauté them in olive
oil or butter for three to six minutes. Use
them in a similar way to spinach in curries and stews, risottos, baked omelettes,
gnocchi and pies.

Purple Deadnettle (Lamium purpureum) –

Though a member of the mint family,
the purple deadnettle tastes nothing of
mint. This plant can be easily recognized
by its long square stalk (indicating its
mint family identity), delicate purple
flowers and fuzzy spade-shaped leaves.
It’s best to add the young leaves and
flowers to salads or gentle sautés.

Blackberry leaves (Rubus fruticosus) –

Although the fruits of a blackberry bush
are not ripe this time of year, do not
overlook the other parts of this surprisingly versatile plant. The young leaves of
blackberry bush have a distinct coconut/
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fig leaf aroma, and can be dried and turned into tea which for has been used as
a digestive aid for centuries. They make
a delicious drink regardless of whether
you are feeling healthy or a bit under
the weather.

Ground elder (Aegopodium podagraria) –

Another common garden ‘weed’, the
young shoots of this plant with their
folded leaves make excellent herbal
additions to both raw and cooked food.
Use as an herb in salads, a garnish for
meat, fish, and eggs, or along with other
cooked greens as above for a fresh,
somewhat celery-like flavour without
the bitterness.

Garlic mustard or onion cress (Alliaria
petiolata) –

Here’s another one that likes hedgerows,
woodland edges, and unused soil in the
garden. The leaves have some of the
aroma of garlic and the pepperiness of
mustard at once. Excellent in salads and
tossed through pastas at the last minute. The white flowers are currently in
bloom and have a lovely garlic/mustard
flavour with floral notes, sometimes
faintly of bitter almond.

Sea Beet (Beta vulgaris maritima) –

This costal plant is a relative of beetroot,
chard and perpetual spinach. Much like
its relatives, sea beet has pointed leaves
and firm stems. The glossy, fresh leaves
are an excellent vegetable and can be
served in just about any recipe that calls
for cooked spinach or chard.

Sea Kale and Sea Kale Broccoli
(Crambe maritima) –

This hearty vegetable can be found
growing in the sand, on rocky shores
and along the coastline. The firm stalk
grows about 1 meter tall and produces
thick fleshy leaves with a deep purple
vein and wavy edges. Before the sea kale
blooms, the flower head is reminiscent
of broccoli.

Sea Arrow Grass (Triglochin maritima)
–

Cilantro of the sea. Sea arrow grass can
be found growing along the waterline, on rocky shores, and in seashore
meadows. The tender lower tip tastes of
salty, yet slightly sweet cilantro. It is advised not to eat too much of the upper
green leaf, although it is not dangerous
to consume in small quantities.
Many of these plants can also be excellent in beer. We recently made a spring
brew with our friend and master brewer
Morten using some of these herbs, like
nettles, violets, and blackberry shoots. It
turned out nicely – complex, herbaceous,
and well-balanced.

yourself with the appropriate harvesting
technique for each plant based on the
part you want to consume and how to
propagate its future growth. For more
information on best foraging practices,
check out some of our guidelines for
sustainable foraging.
Happy hunting.

References
Irving, Miles. The Forager Handbook: a
guide to the edible plants of Britain. UK:
Ebury, 2009.

But before you set out to explore the
edible world just beyond you front door,
prepare yourself wisely and remember
not every plant is safe to consume.
Below you will find a guide to ease the
fear of the unknown and make foraging
fun, safe, accessible and sustainable.

ITEM!
Identify – Be sure you have confidently
identified the plant you are looking for.
If you are not 100% sure, do not eat it
until you are. In other words, “when in
doubt, don’t pull it out.” Smell the plant,
observe its leaf shape and arrangement,
its stem’s shape, and type of flowers. For
more information on plant identification
in Denmark check out this site.

Sea beet.

Time of year – Know what plants are
available at the given time of year so
you have a rough idea of what you can
expect to find.
Environment – Know what kind of
plants grow in a given habitat. Be aware
of the ecosystem around you and know
how certain plants fit into that habitat.
Method of harvesting – This includes both location and technique. Be
sure it is legal to take plants form the
land and make sure the land has not
been sprayed with harmful pesticides.
Harvest plants sustainably. Only take
as much as you need, and familiarize

Sea kale.
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Roasted Locusts
May 22, 2014

Recipe development for our Pestival
menu, by Josh Pollen – one half of
Blanch & Shock and one third of London Research Kitchen.
Roasted grasshoppers are simple to
make and eat, and also pretty accessible
– many people have tried them already
when traveling. We wanted to present
this idea with the quite beautiful desert
locust (Schistocerca gregaria), an elegantly spotted creature of green and yellow and black, paired with an emulsion
of common wood ants from the forest
(Formica rufa) and wild garlic that was
just coming into season.

eat raw eggs). Cool in iced water, and
remove the yolk. Using a tall beaker and
an immersion blender, start the emulsion by blending the egg yolk with the
water and salt. Add the herb paste and
ants while blending, and then add the
oil one third at a time until the preferred
texture is achieved. Pass the emulsion
through a very fine sieve or silk screen,
removing the miniscule ant parts, and
serve with the roasted desert locusts.

Schistocerca gregaria

Roasted desert locust
These are quite easy to make. We prefer
to use the sub-adult (3rd) instar of the
desert locust. Remove the legs and
wings. Roast in an oven with butter
and salt at 170˚c for 12 minutes, or until
gently browned and crisp.

An early iteration, with legs intact.

Wild garlic and ant emulsion
· 130g neutral oil, (grapeseed, sunflower
etc.)
· 20g egg yolk
· 5g wood ants (Formica rufa)
· 52g wild garlic (ramson) leaves
· 10g water
· 0.75g salt
Blanch the wild garlic leaves in water,
seasoned with 2.5% salt for 10 seconds.
Shock in iced water and drain. Squeeze
out as much excess liquid as possible,
and freeze in a Pacojet container. Spin in
the Pacojet. Pass the ground, frozen herb
paste through a very fine screen, resulting in a stiff, smooth paste. Refrigerate.
Cook an egg for 45 minutes at 65C˚ (this
step results in a more stable emulsion
and the pasteurisation means it can
be eaten by anyone who is unable to
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Ants and flukes
June 2, 2014

As part of Nordic Food Lab’s insect
project, we are lucky enough to work
alongside Jørgen Eilenberg and Annette Bruun Jensen. These clever folks
are specialists in insect pathology at
Copenhagen University and they have
been helping us figure out some complicated aspects of insect eating. So, since
starting our research they have begun
to uncover some details about a parasite
that may or may not be a problem for
humans. So although we don’t have
very much information at this point, we
wanted to share what we had in this
mini-post to keep everyone up to date.
Here is a brief excerpt from Annette:
”The Lancet liver fluke, Dicrocoelium
dendriticum, is a trematode parasite
that inhibits the bile duct of its terminal
host, normally a grazing animal. To fulfil
its life cycle, it needs to complete its
developmental stages in intermediate
hosts: first terrestrial snails and then
ants. In Denmark we know that the red
wood ant, Formica rufa, is infected by

the Lancet liver fluke. Ants infected with
fluke cercariae don’t usually die from
the infection, but as a ’body-snatcher’
the parasite causes a change in the ant’s
behaviour: at daytime, they climb up vegetation to some elevated position and
bite the leaf or grass blade with their
mandibles. The parasite-manipulated
ants then have a much higher chance of
being eaten by the fluke’s terminal host.
”Human infections are rare because it
comes along with ingestion of a live
infected ant. So if you want to taste ants
foraged from nature, don’t eat them
raw. This rule is recommended not only
for ants, but for other insects in general,
as we don’t always know what other
parasites they may be carriers for.
”As for eating live or raw insects foraged
from nature, it should only be done
on insects that have been researched,
either by researchers, or by locals who
have explored the eventual risks in their
traditional cuisines.”

So from what Annette is saying, it is
best to steer clear of most raw wild
insects, especially if there is no existing
widespread tradition of eating them.
Now, she is a scientist and we (some
of us) are cooks. We recognise that
scientists recommend a whole host of
things which chefs like to disregard, like,
for example, deep-freezing of fish before
making sashimi (deep freezing almost
certainly kills the ant fluke as well). We
also recognise that ignoring such processes is often not out of negligence but
out of a desire to maximise sensory experience of the product, and it should to
some extent be up to the well-informed
individual what they choose to do. Josh
and I for example, well in the knowledge
of this, have been eating a bunch of
raw insects on our field work, because
it is most important to try everything
– and often they are part of an existing
culinary tradition. So, we supply with
the facts, you choose to do with them as
you will.
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Slime dies hard
June 18, 2014

How hard can it be, I told myself. The
thought of Nothing is impossible until
it’s tried kept me going. Possibilities
are endless and the sky isn’t the limit.
Nevertheless, there I stood, scratching
my head, clueless. Seeing my reflection in the window, I sure looked like
someone in the know, someone creative.
After all, I was in chef’s whites with the
whole lab kitchen at my command. I had
made this childhood favourite, extremely banal Finnish food, viili, because I
wanted to give it new life. Now what?
I wanted to prove to myself that just
because things have always been done a
certain way doesn’t mean they can’t be
altered and adapted. But truth be told,
when it came to this Finnish food that
is so normal to me as to be completely
banal, I faced a dead end. I felt I should
just hang up my white jacket. As a Finn,
I should be the most qualified to experiment with my own food traditions – yet
instead I had a hard time tackling such a
familiar food from a new angle.
C-R-E-A-T-I-V-I-T-Y – ten innocent letters
in the Roman alphabet. When placed
after one another in the right order
they form a delightful yet pressuring
monster of a word. Big news: creativity
doesn’t happen on command. Yet, when
the pressure is on, miracles can and do
happen. But the balance is delicate. In
hopes of getting my mojo back I looked
up the definition: “Having or showing
an ability to make new things or think
of new ideas”. New, new, new. Think new.
The burden of novelty was eating me
from the inside.
Not to be afraid of failure and to play
like a child without set goals or defined
objectives is the best medicine when in
creative standstill. I decided to go for the
good old exclusion strategy – reaching
for the best solution by trying everything then excluding what doesn’t work.
Every time someone at the Lab asked
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Traditional way to serve viili, with berries (here strawberries, though technically an aggregate fruit and not a ’true’ berry) and cinnamon – a summertime lunch or snack. Photo
Outi Rinne.

me whether I had tried this or that, I
made sure to do so.
Can you make viili ice cream? Let’s see.
What about a viili panna cotta? Exciting.
Viili butter? The mould would probably
add nice flavour. Viili foam? We might
lose the ropiness but bring it on. Have
you smoked it? Let’s do it. Try using it to
cure or inoculate other foods? Why not.
And so the list went on. I had the scent.
I started to understand what to do and
what not to do, gradually excluding
options. Creativity was flourishing in an
ever-expanding scope of possibilities.
Yet each new endeavour generated
some degree of growing pains. This
amused me. I can’t do that with viili. My
culturally-constructed culinary grammar saw mistakes everywhere. But the
child in me kept on playing, against the
rules. Funnily enough, I never thought
I was being conservative, or stuck in
foodways determined by tradition and
food-related ‘codes of conduct’. Usually
I’m the first one to question commonly
accepted ways of preparing classic dis-

hes and handling classic food products.
In countries like France and Italy where
traditions and family recipes have the
toughest roots to pull up and interrogate, I enjoy provoking people by asking
why they never try to do grandma’s
recipe differently. The default comeback
“Because it’s perfect like this” never
satisfies me, even though I sometimes
end up agreeing. It was time to take my
own medicine.
All my new viili applications pleased
me, and it was fun to see some of the
Lab crew-members find their personal
favourites. I was excited again. The viili
ice cream was fresh and acidic. I simply
poured viili is a PACO jet tube, added
some organic sugar, froze it and spun it
down. It was more of a granité than an
ice cream, but worked nicely on the side
of a sweet piece of pie. The panna cotta
idea made a lot of sense in principle, but
the outcome wasn’t much to celebrate
over. I tried both with and without gelatine, added and no added cream, and it
was good, but not great. I didn’t manage
to both get the thing out of its mould
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and keep the slimy ropiness. The butter
was a favourite. I inoculated cream with
viili and let it ferment 24h. Then I simply
whisked it like one would when making
butter. The mould as I expected added
some depth and character to the flavour
– a light mushroomy, foresty aroma.
Since I have been making this Finnish
squeaky cheese called leipäjuusto (an
oven-baked, fresh raw cow milk cheese)
I thought I could make a Finnish white
mould cheese. Sounded easy enough. All
I did was to make my cheese and smear
it with viili and wait. The texture of the
cheese broke down and softened a bit. It
tasted like a cheap bloc of Brie. Not bad
but definitely would need more work.
Then there was the curing – it wasn’t
my idea, but Roberto’s. He wanted to
cure fish with viili, thinking something
in line with surströmming. We jarred
some raw cod with viili and sealed it up.
A few weeks later, he approached me
with the jar. “Would you volunteer to taste?”. Of course. It smelled very fishy but
tasted quiet nice. Fishy but fresh. The
slime from the viili together with the
fishy aroma was a bit challenging I must
say. But I swallowed it with no problems.
But the foam was the absolute winner
(at least that’s what Josh, Alicynn and I
thought). Combine 1 part cream and 2
parts viili, and whisk on. The exopolysaccharides ensured the foam whipped up
nicely and retained its texture, the ropiness transformed into an ethereal but
stable substance through the simple
introduction of air. Either sweet or
savoury it tasted lovely: light and fresh,
acidic and clean.
By this time Josh had become the
number-one viili fan and encouraged me
to share some of my viili work at noma’s
Saturday Night Projects – a weekly
gathering after Saturday night service
introduced by René to encourage the
team at the restaurant to present each
other with new, creative and thoughprovoking ‘projects’: a technique, a
flavour combination, an ingredient, or
a full-blown dish. Some chefs work on
their respective projects for weeks, some
for days; some simply end up pulling

it together at the drop of the hat. The
modest and shy Finn in me wasn’t
convinced. Josh however remained affirmative. It was set. I was shitting my
pants. Luckily though, we are a team
here at the Lab and people are happy to
help out a friend any time. Roberto – a
talented chef with great gusto from
Sardinia who had showed great interest
in viili – would be my partner in crime.
A great opportunity was ahead of us. To
have the noma team taste and critique
a flavour and texture I had spent so
much time and energy on would be the
best reward.
Together with Roberto, we wanted to
tell the story of viili on a plate. There had
to be sauna and spring present in the
final dish – two very important parts
of the Finnish cultural identity. It also
seemed ideal to find ways to combine
our two very different food cultures, or
at least put them in dialogue: we needed our dish to be delicate and subtle,
yet expressive and effusive. After a few
days of twisting and turning, tasting
and savouring, we ended up choosing
elements and techniques that would
pay homage to both Roberto’s Sardinian
heritage and my Finnish roots.
Ironically, after all the experimenting,
we chose to keep the protagonist – viili
– in its expressive, unadulterated form.
Whether it was the newly-found conservative in me or Roberto’s respect for
tradition that led to that, I don’t know.
Probably a combination. What I do know
is that viili is fundamentally Finnish:
simple, modest and pure. Sometimes an
ingredient just won’t get any better by
applying advance cooking techniques to
it. I knew this in principle, but it is a lot
different to come face to face with this
realisation with a product you know and
love, and is duly humbling.
We chose to accompany it with a
personal favourite of mine, the parsnip.
Roberto had a brilliant idea to cook
the humble root vegetable in ash – an
ancient technique much used in Sardinia, “old school sous-vide” as he calls

Viili foam (down-right) was a welcome element at NFL
family meal.

Roberto and I preparing on project night.
Photo Afton Halloran

Finding the right flavours.

it. We would only use the peel though,
dehydrate it into a crispy, sweet chip. The
juicy inside would be incorporated elsewhere. The parsnip skin looked exactly
like tree bark. Ashes and bark. Sauna.
Bingo! Baby nasturtium leaves rising
from an icy nasturtium granité would
speak to rebirth and spring – another
great idea by chef Roberto. I felt the
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dish just wouldn’t be complete without
some salmiakki (Finnish salty liquorice)
which marries incredibly well with
parsnips. Salmiakki has variants across
the Nordic region, though the common
principle is liquorice flavoured with
ammonium chloride. We wanted the
liquid salmiakki to look like the thickest,
deepest traditional balsamic vinegar. A
few shiny drops of it on the parsnip bark
made it resemble sap, yet another sauna
allusion.

Parsnip bark. Photo Afton Halloran

Nasturtium granité. Photo Afton Halloran

The creative process.
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After selecting the right plate for our
creation, we needed to make it look as
beautiful as it tasted. Trials and errors.
Splashing, drizzling, dripping, painting,
gently placing tiny leaves with a millimetre focus. Intense, all right. For Roberto this is his job, he handled it like a
pro and had nerves of steel. For me, each
step along the way was a revelation of
flavour combinations that viili either enhanced or became enhanced by. And yes,
it was also extremely nerve-wracking,
for me at least. It made me relentlessly
emotional. Roberto made fun of me, but
in the most loving way. He understood
my exaggerated emotional reactions –
he’s Sardinian and Italian, after all.

On D-day, ten minutes before we were
to enter the culinary dragons’ den, I felt
confident. We were ready, we had been
working hard. Still, I needed a good luck
charm. Fast, Edith, think. A week earlier I
had been curious and ordered a viili seed
all the way from the States. It arrived
dehydrated, complete with an adoption
certificate.
That would work perfectly. I placed the
tiny plastic bag in my pocket. “Showtime
buddy,” I whispered to my new FinnishAmerican friend. With the support of
all the crew members, we stepped off
the boat, onto land and entered the
restaurant.
We continued working together like
a true dream team. I did most of the
talking, the academic mumbling of a
presentation, introducing all the curious
chefs to the slimy mouldy Finn. Roberto
was right beside me making sure our
dish would be spot on and delicious.
Like clockwork, when I wrapped up my
introduction, Roberto served the dishes
to the hungry and curious cooks. Tasting,
laughter, confusion, below-the-belt
jokes. We were ready for the toughest

Adopted American viili.
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of questions. Final pH? Heat resistance?
Why? How? When? We kept assessing
the questions until both minds and
taste buds were satisfied.
There were many interesting thoughts
that arose in the discussion. Roberto and
I had designed our viili dish as a refreshing and appetite-stimulating starter.
Of course there was certain sweetness
to the dish as a whole, mostly derived
from the dehydrated parsnip. Nevertheless we sensed that viili would work
perfectly as a palate-cleanser to begin a
long tasting menu, a bit like wiping your
hands with a hot or cold wet towel before eating. The green, subtly spicy and
slightly sweetened nasturtium granité
would support viili in this. René & Co.
had another vision though: dessert.
I guess this made sense, especially from
the noma-perspective. The aversion to
synthetic sweetness in the New Nordic
cuisine is a known fact. But for Roberto
the dish wasn’t sweet. For me, regarding
viili as dessert seemed odd (no surprise
there), but in this setting and with this
dish I could understand it. What really
flirted with my nerdy academic mind
was the debate on the degree of sweetness of not the viili, but the granité. I
have always regarded the perception of
sweetness as extremely socio-culturally
modulated, and therefore it was a fascinating topic of discussion that revealed
a lot about the differences in taste perception between southern and northern
Europe emerging from their different
landscapes. When fruit ripens in the
Nordic region, it can get sweet but it
usually retains quite a bit of acidity, like
its many apples and berries. Sources
of saccharine ripeness are rare, which
translates into a palate here that tends
to be pretty sensitive to sweetness –
though this does not mean that you
can’t find some really sweet things here,
like classic Danish baked goods drømmekage and brunsviger. But in southern
Europe, plants get lots of sun for a long
growing season, and much more sugar
tends to develop in fruits. Could this be
part of the reason why René tasted the

dish sweeter than Roberto? Or is it simply individual preference uncorrelated
with geography?
Head of pastry, Rosio, was even asked
to come forward with the big guns, the
refractometer used to measure dissolved solids (and thus sugar) in aqueous
solutions like, for example, wine. One
degree Brix translates to 1 gram of
sucrose in 100 grams of solution and
represents the strength of the solution
as percentage by weight (% w/w). Roberto was baffled by all this, and so was I
– Roberto because he didn’t think it was
sweet at all, and me because of all the
technical precision. “It must be at least
23,” the chefs mused. It turned out to be
9°Bx! “The device must be broken,” they
said. They couldn’t believe it.
But that didn’t stop anyone from
enjoying the dish, wherever in a meal in
might come. “As a dessert, who fucking
loves this?!” René said, raising his hand
as he looked around at his brown-aproned team. It was a room of hands in the
air. The verdict was in.
Breaking habitual patterns is among
the toughest things for human beings
to accomplish. My slimy childhood
friend had confronted me in very concrete terms with the paradox of being
omnivorous: we like and seek comfort
in the familiar, yet we simultaneously
yearn for the new. I ended up presenting
viili as viili, my old friend. But the way
we combined it with other flavours
and techniques fed my inner raging
neophile. There are different types of
experimenting – trying to turn viili into
something it’s not didn’t really work,
but developing a dish with it revealed
other aspects to its character that I
didn’t know before. Sometimes you
need to try it all to realise that the most
obvious and simple solution works best.
The difference is that now I know why
it does, and how to go from there. And
I think, in the end, I managed to do my
slimy friend and my culture’s culinary
traditions proud.

Presenting my slimy friend. Photo Afton Halloran.

The scrutiny. Photo Afton Halloran.

Best viili duo.
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Sauna & Spring

35g white sugar
2 ice cubes

dry, then powdered by hand. Filtered
through fine mesh net.

Viili

All blended in thermomix 1 minute
maximum. Filtered through fine mesh
net. Put in blast freezer in shallow
gastro. Scrape the ice down every three
minutes.

Salmiakki reduction

It is important to create sufficiently
small ice crystals. The more sugar, the
smaller the crystals will freeze, but this
can also be achieved through more
frequent and faster scraping. Best prepared about 50 minutes before plating
the dish – when made hold in bowl on a
larger bowl of ice until ready to plate.

Nasturtium leaves

for one dish

15ml, serve cold (from a 4˚C fridge)

Parsnip bark

1 parsnip, burned with blowtorch, cooked under ash of a fire for 50 minutes,
then peeled and skin dehydrated at 50˚C
overnight until crisp.

Sunflower seed crumble

Sunflower seeds, toasted in pan, blended together in thermomix.
Salt to season.

Nasturtium granité

25g nasturtium leaves and stalks
500g water

Spinach powder

10ml salmiakki (salty liquorice liquid) :
1ml apple cider vinegar
Reduced to the consistency of aged
balsamic vinegar.

Small, to garnish

Plating

Make sure to pre-chill your plate. Be
creative!
Big thanks/grazie mille to my partner in
crime, Roberto!

Spinach, dehydrated at 50˚c until

New crew
July 14, 2014
The past few months have seen a series
of transitions here at the Lab. Ben, who’s
been leading the team as Head of R&D
for the past two years, left us at the end
of June to start his own projects. We
wish him all the best in his return to his
hometown of Edinburgh after ten years
on the road, leading restaurant kitchens,
skiing the Alps, studying in Piemonte
and captaining a crazy crew in Copenhagen. He’ll be doing very tasty things, so
keep an eye and a tongue out.
One of our very long-term intern Researchers, Guillemette Barthouil, also left us
at the end of June. She’ll be returning
to her family business in the French Basque country as a fourth-generation foie
gras producer, but only after sailing the
Baltic, opening up a garden restaurant
in the Netherlands, and spending some
time in Ecuador.
They have both contributed an immense
amount to the Lab and we are grateful
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for them.
These two send-offs also coincide with
two welcomes to our permanent team.
Roberto Flore now officially joins us as
our Head Chef, after starting with us on
a stage in February and being brought
on as interim Head Chef in June. Ben
and I first met Robbe last October, when
we traveled to Sardinia to research casu
marzu, one of the few existing European
traditions of entomophagy. Robbe is
from Seneghe, a small town of about
two thousand people in the hills north
of Oristano on the western coast of
Sardinia. He took us everywhere, introducing us to shepherds, producers, and
eaters and facilitating our research with
a splendid intensity. He joins us from
being Executive Chef and Management
Partner at Antica Dimora del Gruccione,
an acclaimed inn and gastronomic learning centre in Santu Lussurgiu, Sardinia,
where he did everything from running

the restaurant to collaborating with
producers to leading workshops with
visitors from around the world. He has
been making food in the Canary Islands,
Sardinia, and across Italy, cooking in
restaurants such as Metamorfosi in
Rome and the Four Seasons in Milan and
working directly with butchers, bakers,
cheesemakers, and other producers
of all sorts. Robbe has also studied
agronomy, and holds a diploma in Management of Marine Parks, Forests and
Nature Reserves. We look forward to his
broad experience with both chefs and
producers helping us build our community in Denmark and the Nordic region,
and his commitment to advancing our
kitchen, his love of the edible landscape,
and his background bringing a new
perspective to our work.
Jonas Astrup Pedersen has been a
familiar face around the Lab for a couple
years. He has spent time with us already,
first as an intern conducting research
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on kombucha in winter 2012/2013 for a
Project in Practice as part of his MSc in
Food Science and Technology at University of Copenhagen, and then returning
in Spring 2014 to write his Master’s
thesis, entitled ’Disgusting or Delicious:
Utilisation of bee larvae as an ingredient
and consumer acceptance of the resulting food’. Aside from his work with us,
he has been heavily involved in food and
gastronomy in Denmark, consulting for
Estate Coffee, developing a tea program
for Chokolade Compagniet, teaching
baking at Meyers Madhus, and making
regular appearances as a food science
expert on Danish news television. Jonas
brings a lot of knowledge and skills to
the team and will work with us primarily as a product developer, in addition
to project managing our contribution to
the newly-begun Smag for Livet project
(’Taste for Life’), which focusses on the
taste of food as a driving force behind
health, learning, development, and life
satisfaction especially of children and
adolescents.

Robbe plating up some lamb tartare with sprouted purple wheat.
Photo credit: Afton Halloran

We’re excited about the new crew and
have already launched into new projects
to push our exploration further. Here’s
to even more deliciousness!
- Josh

Jonas on the boat.
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Anty Gin
October 28, 2014

Finally, it’s here. After its debut at last
year’s Pestival tasting and following a
long development process to ready it for
market, we’re excited to share Anty Gin
with the world.
Our first commercial run is ninety-nine
bottles. Here it is, on sale.
And here, the official Press release.
All the info below.
Let us know what you think.
The NFL team
__

Anty Gin
A joint venture between experimental
Copenhagen-based Nordic Food Lab
and the world’s first gin tailor, The
Cambridge Distillery, is introducing a
new and somewhat different gin to the
market.
Formica rufa, the red wood ant, are
found in forests around the Northern
Hemisphere, and are inspiringly sophisticated creatures. They communicate
using a host of chemical pheromones,

which allow them to form immense
colonies housed in large mounds, and
they defend their complex communities by producing formic acid in
their abdomens and spraying it in the
direction of any invader. Luckily for
us, these very compounds hold great
delicious potential. Formic acid (the
simplest organic carboxylic acid, with
the chemical formula HCOOH) is a very
reactive compound in alcohol, serving as
an agent for producing various aromatic esters. Furthermore, many of their
chemical pheromones are the same
volatile molecules we perceive as aroma.
Through distillation of these wood ants,
we can explore the tasty universe of
these naturally occurring molecules and
reactions, capturing the flavours of this
fascinating species.
Over six thousand Formica rufa have
been foraged and preserved by Forager,
a team of wild plant specialists led by
Miles Irving in the forests of Kent, UK.
Each bottle of Anty Gin will contain the
essence of approximately sixty-two
wood ants. To support the distinctive
flavour of the wood ant distillate and
the characteristics of Bulgarian juniper

berries, we have selected a handful of
prime-quality, wild springtime botanicals to add complexity to the final blend:
wood avens (Geum urbanum), nettle
(Urtica dioica), and alexanders seed
(Smyrnium olusatrum). In order to ensure exceptional quality of base alcohol,
only 100% organic grown English wheat
has been used for the spirit, and every
distillation is carried out just one litre
a time.
Our first commercial batch of Anty Gin
will produce only ninety-nine bottles, at
a retail price of £200 GBP (Euro250) per
bottle. From foraging to bottling and
labelling by hand with The Cambridge
Distillery’s 1924 typewriter, every step
of the process has been done with a
dedication to craft. And to share our
excitement for the unique flavour of the
Formica rufa, each bottle of Anty Gin will
come with a 50 ml bottle of pure wood
ant distillate.
We look forward to sharing it with you.
Nordic Food Lab is a non-profit, opensource organisation that investigates
food diversity and deliciousness. We
combine scientific and cultural approaches with culinary techniques from
around the world to explore the edible
potential of the Nordic region. We work
to broaden our taste, generating and
adapting practical ideas and methods
for those who make food and those who
enjoy eating.
The Cambridge Distillery is the world’s
first gin tailor, using unique methods to
create bespoke gins for individuals, organisations and institutions. Approaching
the traditional craft of gin distillation
from a modern, scientific angle, we
experiment continually to discover and
apply the best methods of extraction
and distillation for each botanical and
flavour we work with.
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Salone del Gusto – the trials and tribulations
of Novel Foods
December 24, 2014

By Josh Evans
On the last Sunday in October, we got a
reality check. A nice big one with lots of
drama.
We had been planning a tasting workshop at Salone del Gusto in Torino, Italy,
as part of Terra Madre, the biennial Slow
Food event devoted to celebrating the
diversity of food products and cultures
around the world. Our goal was to share
the taste diversity of this largely undervalued and misunderstood (in The West,
at least) class of foods. We were going
to serve some tasters and use them to
illustrate some of the principles we have
learned on our field work, techniques
we have brought into our kitchen and
different strategies for engaging with
these different organisms as ingredients in their own right, rather than just
novelty food.
We came up with the original idea for
the workshop back in May, which was
to gather the most delicious insects we
had tried on our field work around the
world, along with the producers who
procure them, and cook them in both
traditional and more experimental recipes to show how delicious and versatile
some insects can be – and how they are
already a well-established delicacy in
many places around the world.
Then, in the summer, we were informed
by Slow Food that we would no longer
be able to bring insects from outside
the EU (Ebola scare maybe?). This was a
minor setback but we rolled with it and
embraced the constraint, trying to find
the best insects we could in Europe and
using ideas from the field work to incorporate different insects into a European
culinary context.

On Thursday, three days before the
event, with all of our mise en place
(including special paperwork for the insects) in order, we flew to Torino to make
our final preparations.
After a couple long days of coordinating
the last pieces, we started the day on
Sunday by having to protect our mise
en place from being forcibly thrown
away, There were lots of hysterics and no
explanation.
Eventually we found ourselves in a
calmer context, where some of the Slow
Food organisers explained the situation. Apparently, the day before, there
was supposed to have been a tasting
of insect dishes made by a chef from
France, which had been shut down by
Slow Food in anticipation of the arrival
of the notoriously restrictive Italian
health authorities. Moreover, despite
Slow Food’s skittishness, an impromptu
insect tasting had also been held at
the Ark of Taste – a huge repository of
endangered edible species and products
from around the world – with edible
insects from Mexico that had gained
import approval only as objects for
exhibition. Both incidents had gained
some attention and the following day,
Sunday, had seen an article published in
the city newspaper of Torino describing
the course of events. This publicity was
enough to cause Slow Food an understandable degree of alarm, for if our
workshop were to also attract such attention it would be possible for the city
police to shut down Salone del Gusto
completely. And so our workshop as we
had envisioned it became impossible to
deliver, even to a self-selecting group of
enthusiastic participants from around
the world.
We began discussing alternatives with

the Slow Food organisers. They proposed
we could do the workshop just without the servings, or serve the tastings
just without the insects. Both options
seemed to us sort of silly, as the whole
point of the workshop was to illustrate
and talk about the actual insects. We
proposed perhaps getting around the
legislative risk by not ‘serving’ per se, but
simply making the dishes and letting
the participants decide for themselves
if they would eat them (an area still
too grey for their liking), or holding the
workshop off-site altogether to not risk
total shutdown.
In the end, since we could not share our
work the way we needed to, we decided
the best thing would be to cancel the
workshop. It was disappointing and
frustrating for most people involved. We
came to the workshop room with all our
participants ready, and had to tell them
the news. The Slow Food folks were very
good, explaining their responsibility
and the situation, and offered reimbursement as well as a free book by Carlo
Petrini. Roberto and I explained what
we had hoped to share in the workshop,
and at the request of the participants
we described what the menu would
have been and what we were trying to
illustrate with each serving.
Here is the menu as we would have
served it:

Aperitivo   

Anty Gin and pure ant distillate.
Red wood ants (Formica rufa) and Smelling carpenter ants (Lasius fuliginosus)
with celery and chili

Salad

parsely root, cream, kombucha and fried
bee larvae (Apis mellifera)
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Soup

dashi of house crickets (Acheta domesticus) with grasshopper garum (Locusta
migratoria) and Kenyan termite mound
mushrooms (Termitomyces sp.)

Bread and Cheese

theless explicitly does not cover – “food
and ingredients for which an approval
exists, [namely:]
§ Food additives within Regulation EC
1333/2008;

casu marzu (Piophila casei), pane pistoccu, cannonau

§ Flavourings for use in foods within
Regulation EC 1334/2004;

Mont Blanc

§ Extraction solvents used in the production of foods within Directive 2009/32/
EC - approximating EU countries’ laws;

We will post more information on each
dish and the research behind them in
the new year.

§ GMOs for food and feed - Regulation
EC 1829/2003;

chestnut paste, bee larvae cream (Apis
mellifera), acacia honey

After this fateful Sunday, we felt the
need to dig deeper into the EU Novel
Foods Legislation to understand a bit
more how it had led to this unfortunate
series of events, and what all of us who
are working ‘on the frontier’ of what is
considered legal are dealing with.

Novel Foods
The grounds upon which the workshop was shut down seem to revolve
around the European Commission law
EC 258/97 on Novel Foods. The Commission signed the law into effect in 1997,
stating that “foods and food ingredients
that have not been used to a significant degree in the EU before 15 May
1997 [are] novel foods and novel food
ingredients” and that “they must be safe
for consumers [and] properly labelled to
not mislead consumers.”[EC 258/97]
The impulse behind the legislation seems noble enough – probably a desire to
protect EU lands from an onslaught of
untested, potentially harmful new food
additives. Yet going a little deeper into
the legislation reveals a more complex
situation. The Review of Regulation
(EC) 258/97 describes itself as related
“in particular to food produced using
new techniques and technologies, such
as nanomaterials.” [EC 258/97 Review]
Furthermore, there are relevant areas
which the Novel Food Regulation none-
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§ If foods and/or food ingredients were
used exclusively in food supplements,
new uses in other foods require authorisation under the Novel Food Regulation
e.g. food fortification require authorisation.”
Morever, particulary since 2009, the
Novel Food Regulation seems to concern
itself strongly with cloning and food
from cloned organisms (ibid.).
All this had us wondering: shouldn’t a
class of foods as diverse, as widespread,
as traditional and as celebrated as insects be treated under slightly different
legislation than that which concerns
itself primarily with food additivies,
artificial flavourings, extraction solvents,
clones, and GMOs?
One year ago, in December 2013, the
Commission adopted new proposals
to the legislation, among which were
“special provisions… made for food
which has not been marketed in the EU
but which has a history of safe use in
non-EU countries. This creates a more
balanced system and a positive environment for trade.” One would expect
certain insect species to be included in
these provisions – but perhaps only in
the event one submits an application for
authorisation.
This authorisation is given by individual
EU member states. Our situation occur-

red in the grey area when member states have different standards for authorisation – and different attitudes towards
the same ‘novel’ food product. These
different standards are further complicated by the large cultural variation in
the legislative criteria for establishing
“a history of human consumption to a
significant degree,” such as valid types
of documentation, geographical scale
of consumption, ‘appropriate’ quantity
of use, intended purpose (eg. crossover
with medicinal and cosmetic functions),
methods of processing, different properties among parts of the same organism,
prevalence in private vs. public domains,
and commerical value, among others.
All of this variation in criteria standards
means that despite the goals of the legislation to provide safe foodstuffs and
transparent information to consumers
and businesses, there is still a lot of
room for misinformation and unfounded cultural biases to generate fear of
‘novelty’ where there is no need for it.
There does exist a centralised “Novel
Food Catalogue”, which “lists products
of plant and animal origin and other
substances subject to the Novel Food
Regulation, after EU countries and the
Commission agree in the Novel Food
Working Group.” However, “it is nonexhaustive, and serves as orientation on
whether a product will need authorisation under the Novel Food Regulation.
EU countries may restrict the marketing
of a product through specific legislation.
For information, businesses should address their national authorities.”
The salient point in Torino was the
different ways that different member
states respond to foods that are not
explicitly authorised by the Novel Foods
Regulation, but that have compelling
evidence for their consideration – such
as widespread, culturally and ecologically contextual, and safe use for centuries
in other places in the world. In Denmark,
for example, no insect species are officially authorised but we have never
encountered such pushback. Nor have
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we in the Netherlands, Sweden, Norway,
Germany, or the UK, where we have also
shared some of our work.
It was of course a disappointment to be
shut down – but it was also fruitful, opening our eyes again to the challenges
of this work and bringing us to commit
ourselves again to the battle of diversifying food systems through taste. We
saw the depth of the psychological barriers to such unknown foods in action,
and experienced firsthand the necessity
for better, more informed legislation and
its execution. We need to give this support not just to insects but to all sorts of
traditional, wholesome foods with the
potential to diversify our taste and our
food systems, which are prevented from
doing so in part due to unclear legislation and its misapplication.
But we didn’t let the day get us completely down. We still had almost all of
our mise en place (we had managed to
salvage and stash most of it from those
who would have thrown it away) and
ended up arranging an impromptu dinner party tasting for about fifteen of our
friends. Gold stars for the evening go
to our newfound Salone friend Steven
Satterfield, chef of Miller Union in Atlanta, Georgia, who let us use his rented
apartment in Torino and cooked with us,
and Enrico Cirilli, Roberto’s good friend
from Sardegna and our unfailing souschef for the whole weekend. We couldn’t
have made it happen without them.

Poached egg and grits, country ham
and redeye gravy
Radicchio, Kale, Savoy cabbage with
orange and grana padano
(the Southern flair from Steven)
Casu marzu
It was a cozy night and we were happy
to be able to do what we came to Italy
to do, even if it ended up a bit differently
than we had planned.
Incidentally, a few weeks later, right
after we had returned from some field
work for our insect research in Japan,
there came out an article recounting
the complete shut-down of a restaurant
in Milan that was also trying to serve
insects.
Food safety is very important for sure –
but so is acting on proper information
and supporting responsible experimentation. There is still a ways to go. The
fight is on, and so we do what we know
best: we cook.

The menu from the evening ended up
looking something like this.

Grapes, ants, anty gin
Cured tuna heart, olive oil, grasshopper garum
Culurgiones (Sardinian ravioli with
pecorino, potato and mint), broth of
house crickets and termite mound
mushroom
Chestnut soup, bee larvae, fermented
pollen
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Su Nenniri
January 19, 2015

By Roberto Flore

Overview
Intentionally germinating seeds can
yield a range of new flavours. Here we
experiment with sprouting a purple
wheat, which yields a flavour like fruity
young olive oil when sprouted.
Germination occurs in the presence of
water, oxygen and a temperature between 4 and 37˚C (Spilde, 1989). Under
ideal conditions the kernel will absorb
up to 45% of its weight in water and
double in volume (Evans et al, 1975). The
bran becomes soft, allowing the roots
to protrude and anchor the plant to the
ground, and to search for water. At the
same time, a complex enzymatic process begins inside the endosperm, with
enzymes transforming the tissue into
readily available nutrients used by the
germ to sprout – a property harnessed
in malting and fermentation processes.
To sprout the wheat, place 150 g of
seeds into 300 ml of filtered water for
24 hours, allowing them to expand
and create the necessary moisture for
germination. Then, lay the seeds out on
a tray and rinse them every day for the
next few days. The sprouts can be used
after a week or ten days, depending on
their application, though two weeks is
recommended for full development of
the grass.
__________________________________
Last April, with spring around the corner,
I became obsessed with sprouting
grains. I come from Sardinia, an ancient
island in the Mediterranean, where we
have certain rituals associated with this
time of year. It is when Adonis, Greek
god of vegetation, beauty, and rebirth,
comes back to life, and we leave wheat
grains to germinate in large jars to
represent this renewal. The act is purely
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ritualistic – we do not eat the sprouts.
Together, the jars and the sprouting
wheat within is called Su Nenniri in the
Sardinian language, Sardo . There are
similar traditions all around the Mediterranean: for the gods Isis and Osiris in
Egypt, Tammuz and Astarte in Babylon,
Aphrodite and Adonis in Greece. There
are also similar myths and rituals in
civilizations further to the east.
It is a special time of year for me and I
wanted to share a piece of my culture
with my colleagues at the lab. So I went
down to our pantry in the bottom of the
boat, and came up bearing every type of
grain we had on board. I was going to
investigate the biodiversity of Scandinavian rye, wheat, barley, and other grains
in their stage of newest growth.
Tasting all of the different sprouts in
their different stages of development,
I decided it was time to update our
appreciation of wheat grass, as well as
its juice. The extract is rich in vitamins
and minerals, and widely used in natural
medicine as a potent prevention against
cancer. The juice is also full of chlorophyll. Because of its similar molecular
composition to hemoglobin in human
blood (Smith, 1944), chlorophyll is also
sometimes known as ‘vegetable blood’.
The presence of iron in haemoglobin is
similar to the magnesium in chlorophyll.
Of all the sprouted grains, by far the
most particular and interesting was
the purple wheat. The sprout has the
flavour of a fruity young olive oil, and
the grain has an incredible sweetness
for something so small. In addition, it
also germinates quickly and has good
root development.

Seeds and germination
To talk about germination we need to
talk about seeds. Plants that produce

Sprouting Scandinavian grain diversity
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seeds are called Spermatophytes (from
the Greek spérmatos for seed and
phyton for plant), in contrast to other
plants such as ferns, horsetails, and
mosses which use other means of selfpropagation. The seed is formed after
the ovule is fertilized by pollen, develops
on the mother plant and then detaches
when mature.
The wheat seed is composed of three
parts: the germ, the endosperm and the
bran. The germ contains all the genetic
information for the plant to develop, the
endosperm is the nutritive tissue that
nourishes the new plant in the early
stages of its development, and bran acts
as shield to protect the vital parts of the
seed.
Germination occurs in the presence
of water, oxygen and a temperature
between 4 and 37˚C (Spilde, 1989).
Under ideal conditions the kernel will
absorb up to 45% of its weight in water
and double in volume (Evans et al, 1975).
The bran becomes soft, allowing the
roots to protrude and anchor the plant
to the ground, and to search for water.
At the same time, a complex enzymatic
process begins inside the endosperm,
with enzymes transforming the tissue
into readily available nutrients used
by the germ to sprout. This process is
important because it gives the sprout
sufficient energy to emerge from the
soil. Depending on the species, the seeds
have the ability to remain viable up to
30 years in a dormant state, waiting for
optimal conditions.
Germination and other processing
techniques like fermentation have been
used by many agricultural civilizations
to make the nutrition of grains more
bioavailable (Poutanen et al, 2006). For
example, it forms the basis of malting
which is used to turn the starches into
sugars and thus make them available
for brewing beer. Soaking grains can
also remove phytates that can block the
uptake of certain vitamins in the body
(Lestienne et al, 2006).
The germination and sprouting process

takes more or less seven days. I put 150 g
of seeds into 300 ml of filtered water for
24 hours, allowing them to expand and
create the necessary moisture for germination. Then, I laid the seeds out on
a gastro tray and rinsed them every day
for the next few days. This is a particularly crucial moment, because excessive
water facilitates the development of
mould, which can cause rotting of the
seed and a bad odor, while too little
water can affect plant development,
and can cause the death of the plant.
It is important to take good care of the
seeds in this period. I did not germinate the seeds in soil because from the
beginning of the project my idea was to
experiment with all parts of the plant.
While reading more about this particularly delicious purple wheat, I discovered
it has ten times more anthocyanins
than other types of wheat. Anthocyanins, polyhydroxylated polyaromatic
compounds, are able to react with oxidizing agents such as molecular oxygen
and free radicals, and thereby reduce
the damage these molecules cause to
cells and body tissue. They are what
gives the wheat its purple colour; similar
compounds are found in other purpletinted foods, like red cabbage, beets, and
some berries.
Purple-grain tetraploid wheats (Triticum
turgidum L.) have been grown traditionally in the highlands of Ethiopia (Belay
et al., 1995) and used in both food and
beverages. German botanists were the
first to record the purple traits in wheat
during travels in East Africa in the late
1800s. Samples were collected and
brought back to Europe, and then later

Diagram of a
wheat seed.
source:
http://www.
hpb.gov.sg/
HOPPortal/
breathearticle/HPB047347

Anthocyanin molecule.
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hybridized with European bread wheat
varieties in the first part of the 20th
century. Such crosses were carried out to
transfer genes such as disease resistance and winter hardiness. The first
commercial production of purple wheat
(also called PurPur wheat industrially)
was in New Zealand, followed by Europe
and Canada (Jafaar et al., 2013).
We got our purple wheat from a friend
of the lab, Ida. She plays the double bass
and lived on a boat next to us a couple
summers back, and her parents have
a biodynamic farm called Østagergård
in the middle of Zealand. They raise
Angus cows, grow grain like this wheat
and other vegetables, and operate a
school for mentally handicapped people
teaching about grain production and
processing. It’s a good place, and we
have since also been working with their
meat, which is of great quality.

time, with all the new life starting again,
so I wanted to explore the different applications of these sprouts by following
the web of life that emerges from it.
While the inspiration for the dish is the
sprouted purple wheat, the core of the
dish is spring lamb. For me, taste is not
the only element of a dish I love; I also
pursue a dish’s power to evoke memories. In this case, I was reminded of my
grandfather, who was a shepherd. When
I was young he gave me a lamb to take
care of every Easter. This was always a
very special moment of my childhood. I
knew I had to find a very special lamb in
Denmark.

I was so inspired by the incredible
flavour of these sprouts and the connection between Sardinian “Nenniri” and
my project at the lab in Copenhagen,
that I had to make a dish. It was spring-

I found my lamb on a farm close to
Vadehavet National Park in southwest
Jutland. This breed of sheep is a careful
selection of two native breeds (Marsk
and Texel) adapted to live in an environment close to the ocean where the
grasses and herbs are salty and full of
minerals. The sheep consume the grass,
which gives their meat a particularly
mineral taste and a natural seasoning. It
is a beautiful product.

The author’s grandfather/nonno in 1973.

The author (7 years old) with his Easter lamb

abomasum from the other parts of the
intestines, which are used for other
purposes.
The abomasum is emptied, and the
milk is filtered with a simple net then
returned to the stomach. The stomach
is rubbed on the outside with salt and
hung to dry (in a cellar, for example) for
some months. After the maturation, we

slice open the stomach and spread small
amounts of the cheese onto ‘pane carasau’, a traditional flat bread which is very
thin. In pastoralist circles, the cheese
is even referred to as ‘Sardinian viagra’,
or ‘faede arrettae’ in Sardo. The taste
of the cheese is different every time,
because the milk is raw and because
the goats live freely eating many wild
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Although the meat was already very
flavourful, I wanted to bring out even
more of its aromatic complexity. So I
used brined stems of sweet clover (Melilotus officinalis) in order to enhance the
balance between the taste of the meat
and the herbal taste of the sprout juice.
After making the juice from the wheat
grass, we were left with the sweet germinated seeds. To use the whole sprout
and show of their contrasting parts I
blended the sweet grains with sheep’s
milk and dried the mixture into a crisp.
The other essential element of the dish
is an ancient cheese called ‘Cazu de
Crabittu’. It is produced in Sardinia and
dates back to Neolithic times (Fancello,
G., pers. com., 5 May, 2014). It is made directly in the fourth and final stomach, or
abomasum, of a suckling goat, because
it contains many enzymes responsible
for the digestion – or in this case the
coagulation – of milk.
Traditionally, just before killing a goat
kid, the shepherd leaves it to suckle its
mother milk. He then separates the

plant species. The result is a super tasty
and strong creamy cheese with different
nuances, spicy, sweet, sour, and bitter all
combined with a persistent wild animal
aroma. When you taste ‘Su Cazu de Crabittu’ you will never forget the taste.
Our Cazu de Crabittu (literally ’rennet
of baby goat’) was made by my friend
Mario Manca, a well-known producer of
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this style of cheese in Sardinia, which he
sent to me in Copenhagen as a gift for
Easter.
So, the dish: Tartare of spring lamb from
Vadehavet, Cazu de Crabittu, juice of
purple wheat sprouts, sprouted purple
wheat chip.

For one plate
Lamb tartare

· 35 g raw Vadehavet spring lamb filet
· 2 g brined sweet clover stems (3%
salt brine, vacuum-sealed, 15 h), finely
chopped
· 2 g chopped purple wheat grass
· 2 ml of purple wheat sprout juice
One hour before serving, chop the meat
into small pieces with a knife. Close in a
vacuum bag and keep cold.
Just before serving, mix meat with finely
chopped sweet clover stems, chopped
purple wheat grass and sprout juice.

Purple wheat sprout juice
· 50 g wheat grass
· 2 ice cubes
· 10 ml filtered water

Cut the grass with scissors. Place in thermomix with the ice cubes and water
and blend for 50 seconds.
Filter through a superbag or other fine
filter, squeeze remainder through filter
and seal in a vacuum bag. Keep cold.

Purple wheat crisp

· 100 g germinated purple wheat seed
· 100 g sheep’s milk
· 3 g salt
Boil the germinated seeds and reduce
the milk to 1/3 of its original volume.
Place all in a pacojet container and
freeze in blast chiller.
Process with pacojet and freeze again.
Repeat this step twice more then brush
the mixture on oven paper and dehydrate at 100˚C for 25 minutes.

Onion seeds

Grind into a powder.

Plating

Take a mat of whole sprouts with seeds
and roots attached, place in a dish and
put a small amount of Cazu de Cabrittu
onto one of the sprouts, as if it were a
spittlebug.
Chill another plate. Place a small spoon
of tartare off-centre, followed by a
spoon of wheat grass liquid in the centre indentation and five whole sprouts
with seeds and roots. Sprinkle onion
seed powder around the edge of the
juice, and place a purple wheat crisp on
top of the tartare.
Serve the sprout with Cazu de Cabrittu
first, and then the tartare.

Cazu de Crabittu. Source: Sardegna Agricoltura, 2015,
http://www.sardegnaagricoltura.it/index.php?xsl=467&s
=14&v=9&c=3611&notizia=45004&pic=1&ng=1

When I finished the dish, I took it to
Saturday Night Projects to share with
the chefs at noma.
It was a good time.
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We have a radio station!
March 2, 2015

Well, maybe a podcast is more accurate,
but hey we do what we can.
Check out our new Nordic Food Lab
Radio (NFLR) section where we’ll be
broadcasting stories every two weeks

for the foreseeable future.

nflr?format=rss

For all you RSS feed junkies out there,
you can subscribe via the url:

Happy listening!

http://nordicfoodlab.org/

- the NFL team

Beyond ’New’ Nordic
May 18, 2015
For a while now, discussions around the
lunch table or the spontaneous hours of
the afternoon have revolved in and out
of a web of topics we might call ‘what
makes Nordic food Nordic?’
In our work at the lab, for example, we
wonder if it should satisfy us to take
some raw materials which grow here,
stick them into a formula of technique
(however connected it may already be to
another region or cuisine of the world)
and christening the resulting hybrid
‘Nordic x’ or ‘Nordic y’.
Similarly, when we engage with the
work of our colleagues and friends in
kitchens and workshops around the region, we wonder if it should satisfy us to
refer mainly to commonly agreed-upon
ideas of what our cooking is and should
be, without necessarily digging more deeply into the questions at its roots: why
do we work with the ingredients we do,
why do we choose to work with them in
the ways we do, and are these decisions,
taken together, a ‘cuisine’?
Take, for example, the tomato. Why
do we reject it, or at least, why are we
hesitant about it?
Is it that ‘it cannot survive in this
climate’ – though there are farmers and
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gardeners producing tasty and suitable
varieties of tomato in the relatively
short growing season of Denmark, and
even further north?
Is it that it does not have an ‘established
tradition of use’ here – even though
most contemporary Nordic people are
more familiar with tomatoes than many
of the other ingredients now prized by
the New Nordic Cuisine (NNC), which
either have a long history of use and
were shunned at some point along the
way, or have never been used here at all?
Is it that its symbolic attachment to
other cuisines is already too strong –
being, for example, an edible icon of
Italy or Mexico?
Is it that it is indigenous to another part
of the world? If so, why then are potatoes acceptable, when both nightshades
have by now become naturalised to
Europe and have continued variegating
according to different regions’ constraints – even those of Greenland – and
different breeders’ interests?
As a counterpoint, why do we embrace
lemon verbena, a plant indigenous to
Brazil, which, perhaps even more than
tomatoes, requires in our region at least
a covered if not heated hoophouse

or greenhouse to grow? Is it because
we have already eschewed the lemon,
that blunt, ubiquitous image of exotic
necessity, and must look elsewhere to
replicate its flavour?
Or take, for example, dill.
It is unanimously (though no exclusively) Nordic, in the hands of our chefs
and home cooks alike.
And what if it is grown in Israel or
Spain?
Our cooking shows some tasty incongruities. It is a good time to re-examine
our system of ideas, the principles of
our ideology, to acknowledge what this
movement has made so far and identify
what it has not yet figured out. From
this re-examination our cooking can
only get better, our thinking stronger,
our visions for what it means to cook
and eat and live in this region more
clear.
Let’s start at the cited beginning.

“NEW NORDIC KITCHEN MANIFESTO
As Nordic chefs we find that the time
has now come for us to create a New
Nordic Kitchen, which in virtue of its
good taste and special character compares favourably with the standard of
the greatest kitchens of the world.
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The aims of the New Nordic Kitchen are:
1) To express the purity, freshness, simplicity and ethics we wish to associate to
our region.
2) To reflect the changes of the seasons
in the meals we make.
3) To base our cooking on ingredients
and produce whose characteristics are
particularly excellent in our climates,
landscapes and waters.
4) To combine the demand for good
taste with modern knowledge of health
and well-being.
5) To promote Nordic products and the
variety of Nordic producers - and to
spread the word about their underlying
cultures.
6) To promote animal welfare and a
sound production process in our seas, on
our farmland and in the wild.
7) To develop potentially new applications of traditional Nordic food products.
8) To combine the best in Nordic cookery
and culinary traditions with impulses
from abroad.
9) To combine local self-sufficiency
with regional sharing of high-quality
products.
10) To join forces with consumer representatives, other cooking craftsmen,
agriculture, fishing, food, retail and
wholesales industries, researchers, teachers, politicians and authorities on this
project for the benefit and advantage of
everyone in the Nordic countries.
[originally signed by the following
chefs:]
Hans Välimäki, Finland
Leif Sørensen, Færøerne
Mathias Dahlgren, Sweden
Roger Malmin, Norway
René Redzepi, Denmark
Rune Collin, Greenland

Erwin Lauterbach, Denmark
Eyvind Hellstrøm, Norway
Fredrik Sigurdsson, Iceland
Gunndur Fossdal, Færøerne
Hákan Örvarsson, Iceland
Michael Björklund, Åland”
- http://www.newnordicfood.org
Certain points of the New Nordic Kitchen Manifesto are ripe for discussion.
‘Purity’, for example, probably refers
originally to a sense of cleanliness or
unadulteratedness of raw materials and
ingredients. It also, though, can generate
overtones of political or ethnic purity,
which are some of the likely causes for
receiving allegations of xenophobia or
‘culinary fascism’ (even in light of the
interest in ‘impulses from abroad’ in
point 8). What does it mean to us that
our food is ‘pure’?
‘Self-sufficiency’ is an even more convoluted idea. At its simplest we can understand it as a shorthand for ‘making
do with what one has at hand’, which
must probably be part of any kitchen
ethos in general. It becomes provocative
when it shifts soundlessly from heuristic
to absolute ideal, a kind of impossible
disconnectedness and independence
from cultural and biological others,
and a fantasy of mastery over one’s
environment by directing its processes
for one’s sustenance. The fantasy of
self-sufficiency is exposed bluntly in the
Spanish dill; and if not there, then in the
Dutch equipment for indoor propagation of herbs we can use to grow our own
dill, outside our season; and if not there,
then certainly in the raw materials
used to make this growing equipment,
originally extracted and refined in China,
Australia, Brazil.
Yet we are primarily concerned with
the regional epithet itself, the ‘Nordic’,
and to what degree these principles
are specific to it. Most of the principles
of the Manifesto describe many of the
attitudes already implicit in existing traditional food cultures around the world

that have undergone centuries or millennia of evolution. ‘Self-sufficiency’, for
example, has been less a choice so much
as a predominant fact of trying to eke
out an existence in a particular place.
Similarly, the principles described in the
Manifesto could be reapplied to try to
reinvigorate gastronomic development
other places in the world where humans have managed to organise their
sustenance. The current application of
these principles in the Nordic region
has yielded something apparently new
– though the principles themselves are
not.

Drawing the ‘Nordic’ line
The booklet ‘New Nordic Cuisine’ published by the New Nordic Food Programme
by the Nordic Council of Ministers in
2008, despite its primary purpose as a
promotional tool, acknowledges this
openness and empirical, descriptive
methods for developing an image of
what New Nordic Cuisine (NNC) is:
“New nordic cuisine can’t be defined by
what it should not include. Exotic spices
were introduced to the region more
than a thousand years ago. The potato
only arrived a couple of centuries ago,
but is now an integrated and characteristic element of our cuisine. Instead
of defining Nordic Cuisine by what it is
not, we should look at the activities of
the people who enjoy and develop New
Nordic Cuisine.”
Cuisine, or at least a way or system
of cooking, emerges from what and
how people produce, cook, eat and
share food. The manifesto crystallised a
moment when many hands and minds
were converging on something, perhaps
a shared desire to develop an identity
around food and cooking, and helped
drive its development forward. Yet these
hands and minds have also continued
making food over the past ten years or
more, and have grown in number and
scope. The goal of the NNC is not, has
never been and cannot be to draw a
clear and non-arbitrary line separating
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what Nordic food is from what it is not –
such an act would be neither productive
nor possible.
The principles of the Nordic culinary
ideology lay value on tasting locality,
seasonality, ecological mindfulness, and
diversity of the region’s climates and
cultures. These ideas are as relevant to
our cooking and our goals for a better
food system as they were in 2004 when
they were outlined on paper – even if
what the cooking looks and smells and
tastes like has developed since then.
These principles also stretch back much
further in time than 2004 and to many
other parts of the world than only here.
They are principles which have emerged
in their own form in almost every traditional food culture, and are probably
those that will continue to drive food
cultures committed to taste as an emergent property of celebrating diversity, resourcefulness and ecological mindfulness – in short those food cultures that are
also committed to their own future. This
could be why certain other food cultures
have viewed the recent gastronomic
flourishing of our region skeptically –
bemused by the Northerners who have
so lost touch with the foundations of a
strong food culture that they believe in
drafting a manifesto they have made
anew not only their own cuisine but the
very idea of ‘cuisine’ itself.
We must now pose the unyielding question at the conversation’s root: what is
a cuisine, and can our current cooking
constitute one?
Many generally recognised cuisines of
the world share some common features,
aside from some of the principles also
described by the Manifesto. The popular
understanding of cuisine has been what
happens when many people in a certain
region come to develop a shared concept of how they cook and eat. This process has often begun in people cooking
day to day with what they have, when
they have it – the everyday interactions
between choice and limitation. It is also
a process that has taken place over long
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periods of time – and perhaps necessarily so – with many turns along the way.
The shift to individual practices united
by a shared concept of cuisine can happen for different reasons – yet is has
often developed in order to distinguish
one group from others, from within and/
or without, for regionalist, nationalist,
and/or other purposes. The concept of
‘French Cuisine’, for example, was largely
constructed as a bourgeois Parisian
concept leading up to and after the
French Revolution, centralising choice
parts of the different regional cuisines in
the capital (Grimod, 1803-1813; Freedman, 2007; Pinkard, 2009). Similarly, the
concept of ‘Italian cuisine’ was developed throughout the nineteenth century
alongside the incremental process of
Italian unification, which was one of
the main forces leading each region to
“defin[e] a culinary identity in competition with the identity of other regions”
as well as the crystallisation of ‘Italian
Cuisine’ as a tool to cultivate both internal national unity and a strong outward
national identity during Italian Fascist
rule from 1922 to 1943 (Montanari, 2003,
pp.26-34)
Yet when asked, how many French or
Italian people think of their daily food
as contributing to or emerging from a
‘French Cuisine’ or an ‘Italian Cuisine’,
and how many think of it simply as
‘food’? The concept of a cuisine may
emerge from the similarities between
certain ways of cooking and eating, and
it may certainly be useful for the nationalist with an agenda or the foreigner
without a clue. Yet what happens when
we make such a concept before the cooking already happens in daily life? Is the
concept alone enough to constitute a
cuisine, or does it need people and time
– and if so, how much of each to reach
its critical mass of practice to justify the
concept? If cuisine emerges out of limitations we do not choose, can choosing
our limitations ever achieve an adequately similar result? Does it matter?

Cuisine vs. culinary ideology

Last year we at Nordic Food Lab received
a request from a Turkish restaurateur to
help him open a ‘New Nordic’ restaurant
in Istanbul. We imagine he envisioned
a restaurant that would make food like
that of many of our region’s leading
restaurants today. We imagine he also
might not have realised that if we had
gone to help him unpack the tools of
the Nordic culinary ideology in Turkey,
the food on the plates would likely have
looked, smelled and tasted very different
from the food here. This difference
should be explored and celebrated,
for its contributions to ecological and
cultural diversity, to resilience and to
deliciousness. Which is why we said
no. His request made sense, but in the
context of our purpose it did not make
sense to us.
Here we can make a potentially useful
distinction. We can understand this
culinary ideology as ‘the New Nordic
Kitchen or ‘the New Nordic approach
to cooking’ (which, as described, is not
unique), as compared with the cooking
this ideology has given birth to in this
place at this time, which we could call
‘Nordic cooking’ or ‘Nordic cuisine c.2015’.
If our mission were to share Nordic cooking, it would entail trying to facilitate
Nordic restaurants and Nordic cooking
as a cultural export in as many regions
of the world as possible. This may well
be a fine aim but we believe most of us
share a different pursuit. We are committed to Nordic cooking not primarily
because of its value as a cultural export,
but because of its value as an exploration of our own identity and identities
in an increasingly globalised world
culture. Nordic cooking, here and now,
looks and smells and tastes the ways it
does in part because it is what emerges
from applying the ‘New Nordic’ culinary
ideology in this place at this time. It
is historical, contingent, and engaged
in its own processes of mutation and
evolution.

Sharing our terrain
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This distinction perhaps allows us to
start to understand the mild discomfort
some of us feel with the idea of a ‘New
Nordic’ restaurant in Istanbul, New York,
London, or any other place outside the
region of its name. Such a restaurant
refers to and relies on the ideology, but
uses all the trappings of our cooking
without the system of ideas which gives
birth to it. They take the wood sorrel
without the woods. Which is also fine,
because no one owns wood sorrel. But
then comes the question: what makes a
cooking Nordic – is it the use of certain
ingredients, or certain techniques, or
terroir, or some combination thereof?
Is it even worthwhile to venture into
the murky discussion of ‘authenticity’?
Can we with straight faces wonder, for
example, why there are not more and
better Korean or Vietnamese or Mexican
restaurants in Copenhagen, and at the
same time decry ‘Nordic’ restaurants
popping up in other cities around the
globe? Perhaps, though, this is the fate
of any cuisine which gains an audience
outside of its birthplace: that it becomes
essentialised, tokenised even, emptied of
its historical context, rendered internally
consistent and packaged neatly for
foreign consumption. Let us not forget
that the very concepts of ‘French’, ‘Italian’, ‘Korean’, ‘Vietnamese’ or ‘Mexican’
cuisines might only make sense in the
imagination of the foreigner.
Our external audience – certain global
media, diners, food-obsessed, entrepreneurs – have shown our fledgling
project intense interest. And we should
consider that if we are truly interested
in having our efforts take root, it may
all be too much interest too quickly.
This intense attention has conflated
the ‘New Nordic’ culinary ideology with
the current version of Nordic cooking, obscuring the contingency of its
development to the point where it may
be impeding its evolution. We may all,
in different ways, be smothering this
sprout before it has its chance to firmly
grow. We should also recognise that
we ourselves, the cooks, chefs, sommeliers, producers, researchers, journalists

and other industry folk working in and
committed to this region, have been
complicit in this precocious exporting.
Certainly this attention has been a big
part of what has brought so much success to our endeavours, and so sometimes we actively perpetuate it. We have
a complicated relationship with our own
success – which is why now is precisely
the time to wake ourselves up to our
complicity, and our complacency with
it, and really ask: is this how we want to
move forward? Should we be satisfied
that not only our efforts but increasingly the very content of our work are
being shaped more and more by this
audience, rather than ourselves, each
other and those who comprise our Nordic community? We acknowledge that
once we put things – tastes, techniques,
products, dishes, concepts – out into the
world, they take on their own life we can
no longer guide and significances we
cannot dictate. What is more interesting and important, then, is engaging
proactively in this exchange, for it is how
we can negotiate the stewardship of the
‘Nordic’. We should participate proactively in this dialogue, rather than simply
‘letting it play out’, for otherwise the
‘Nordic’ will likely continue to become
more and more commodified, eventually
alienating us entirely from what we
want our food culture to be.

Unlike what some framings of the NNC
movement may suggest, there was no
revolutionary break with history in that
year; and similarly, now, what we need
is not a revolutionary break with the
‘New Nordic’. To the contrary, the vision
laid out in the NCC Manifesto is still
applicable when it comes to improving
our agricultural practices, developing
our ecological relationships, cultivating
food-literate eaters and leaders, and
broadening and strengthening our
everyday food culture. But the culinary
vanguard has reached many of its borders and is ready for what lies beyond
them: new territory to explore and chart
so that the main forces can also advance
towards a more robust, resilient regional
gastronomy with parts of the path
already paved.

We have worked hard to carve out a
shared ideological and culinary territory
– now, we are met with the struggle for
its sovereignty. Many of us have become
tired being labelled ‘New Nordic’ by observers many of whom have little or no
sense of what it means to cook and live
in the Nordic region today. It is hardly
surprising that even many of the chefs
and key figures who were originally
involved in codifying the NNC ideology
have since tried to shake off the term,
often even disavowing it completely.
Perhaps ‘New Nordic’ has been going on
long enough that now we can make just
Nordic food – its current iteration circa
2015 sitting in a series of versions that
stretches back long before 2004 – and
maybe even someday, make just food.

A final crucial question is: how do we
think about the series of gastronomic developments that comprise our
history and, we hope, our future? Does
it necessitate establishing a dramatic
but somewhat preposterous ‘postNew-Nordic’ approach, or rather the
acknowledgement of an evolution more
subtle and incremental and true? Our
most constructive way forward probably
has little use for the total ‘death’ of New
Nordic Cuisine or the Manifesto. Instead,
it requires learning from the last decade
and more to clarify and refresh both our
sense of purpose and also, absolutely,
what and how and why we cook – here,
now, this.

How can we make sure that our cooking keeps digging deeper into what
it means to live and eat in the Nordic
region today, rather than becoming
stagnant, satisfied with its own images
reflected back to us in the mirrors (and
sometimes through the smoke) of the
Media of the World? They have raised us
to the crest of fortune’s wheel, but we
would do well to remember it is a wheel
that always turns. And whether on its
rise or fall, we must still eat and feed
each other well.

Thanks to Matt Orlando, Edith Salminen,
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and our recent interns Jason Ball, Johnny
Drain and Meradith Hoddinott for
sharing valuable conversations around
these ideas. We would also like to thank
Kelly Donati and Guillemette Barthouil
for their critical feedback on drafts of
the text.
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Gravlax – a buried salmon
June 4, 2015
By Guillemette Barthouil
One of our great sources of inspiration
are the food cultures of East Asia. Our
exploration of umami taste, for example,
has made us rediscover the wildness
of our own region’s fermentations. The
bridges between these cultures are
not only contemporary, but can also be
traced down through history.
While looking into these foodways, an
unexpected similarity arose between
gravlax and sushi. These two preparations are nowadays eaten raw or
lightly cured. Through looking at their
etymology we understand that both

SIDE 268 | NORDIC FOOD LAB |

Low.pdf>.
Pinkard, Susan. A Revolution in Taste: The
Rise of French Cuisine, 1650-1800. UK:
Cambridge University Press, 2009.
Salminen, Edith. ‘Do we all live in a New
Nordic Food world?’ Norden. 3.2015.
14.5.2015. <http://www.norden.org/en/
news-and-events/articles/do-we-all-livein-a-new-nordic-food-world>.
Scrutton, Alastair. ‘Tomatoes, peppers,
strawberries in Greenland’s Arctic
valleys’. Reuters. 26.3.2013. 14.5.2015.
<http://www.reuters.com/article/2013/03/26/us-greenland-climateagriculture-idUSBRE92P0EX20130326>.
Verheul, Michèl J. ‘An efficient method
for organic greenhouse production in
Norway’. Norwegian Institute for Agricultural and Environmental Research.
14.5.2015. <http://archive.northsearegion.eu/files/repository/20140911101843
_30PosterBioforskMV2013OP.pdf>.

BLOG POSTS

were once fermented fish. ‘Gravlax’ means
‘buried salmon’ or ‘grave salmon’. It is part
of the wider family of the Scandinavian
fermented fishes which includes Swedish
surlax (‘sour salmon’) and Norwegian
rakfisk (‘soaked fish’) [Falk and Torp,
1906]. Harold McGee explains that these
techniques were used in remote places where huge quantities of fish were
caught in a short period of time and
where (and when) salt was a rare good
[McGee, 2004]. The solution was to bury
the clean and lightly salted fish in a ‘grave’
dug into the earth, add some carbohydrates (bark, whey or malted barley) and
some antioxidants (pine needles or berries) [Levin and Al., 1964]. This traditional
method creates the conditions for the
lacto-fermentation process that preserves
the fish. Enzymes and bacteria from the
fish flesh would break down protein and
fat to produce a buttery texture with a
cheesy, ammoniated smell. An ‘acquired’
taste as one would say, though not so
pleasant to most of us nowadays.
Sushi literally means ‘preserved fish’,
revealing its fermented roots [Mouritsen,
2009]. As with gravlax, sushi in its original
form, called nare-zushi, had an added
carbohydrate – rice in this context – to
favour the lactic acid bacteria. During this
process enzymes would also break down
proteins into amino acids, developing an
umami taste coming mainly from glutamic acid and aspartic acid [Hariono, 2005].
Even though some regional sushi in Japan
is still fermented, like funa-zushi from the
shores of Lake Biwa north-east of Kyoto,
this method is no longer used for most
sushi. Haya-zushi, quick sushi, appeared
at the end of the 17th century during the
Edo period and since then sushi became a
quickly-prepared and quickly-eaten food
that urban people could eat standing on
a street corner [Barber, 2011]. Even though
the technique has changed dramatically, some patterns of taste remain: the
sourness of the lactic acid fermentation is
reproduced by adding vinegar to the rice,
and the umami notes of the fermented
fish are replaced by soy sauce.
In the Nordic countries, there are few if

any modern adaptations of this traditional buried salmon. And while there are
fermented fish products, like the pungent,
sulphuric and ammoniated Swedish
surströmming [Skara and Al, 2015; Valeri,
2010], it isn’t buried but rather sealed in
a tin.
The challenge of this experiment was to Barley koji
reproduce a gravlax, in its old fermented
version, that is delicious to us now – or
let’s say, for this first trial, at least palatable.
So we got a whole salmon, scaled it, filleted it and cut it into 2cm-wide slabs.
Barley koji proved a great source of not
only carbohydrates but also enzymes and,
of course, flavour. During fermentation,
koji, Aspergillus oryzae grown on grains
and/or legumes, serves as a source of a
variety of enzymes which catalyse the
degradation of solid raw materials to
soluble products that provide fermentable
substrates for yeast and bacteria in the
subsequent fermentation stages [Mheen,
1972]. This catalysis speeds up the fermentation process and also allows specific
flavours to develop – flavours that seem
to be more pleasant than those made by
the historical autolytic method [Kaoru
and Al., 2006]. The main taste pattern
we have found in most of our koji-based
fermentations are nuttiness, pineapple,
tropical fruit and undergrowth.
Our first 2 recipes made on 25 may 2013:
Scale, gut and fillet a whole salmon. Cut
fillets into 2cm-wide slabs.
Layer in a food-grade plastic container
2kg of salmon, 400g of pearled barley Koji
(15%), 200g of salt (7.5%), and:
RECIPE 1: + 1 handful of spruce shoots
RECIPE 2: + 1 handful of cranberries and 1
handful of blueberries
Press them so they are covered by their
own brine.
Leave them to ferment slightly cooler
than room temperature (15-20˚C).

Trials 3-6, left to right
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We started the first experiment with
low salt content (from 5 to 7%) as the
original recipes seemed to have. We
checked on them after a month. They
were very challenging taste- and texture-wise. We decided to take a bit more
freedom from the original gravlax and
increase the salt content for a product
more adapted to nowadays’ taste buds.
After a few trials, 15% of salt gave better
results.
The following February we decided to
make some new trials. Coming back to
the Nordic tradition, we experimented
with different batches: adding 2% of
dried blackcurrant to one, 2% of juniper
wood to another and a different koji to
the last (made with sunflower seeds
and an heritage barley variety called
Nøgen Byg, or ‘naked barley’).

Recipes 1 February 2014:
Scale, gut and fillet a whole salmon. Cut
fillets into 2cm-wide slabs.
Layer in a food-grade plastic container
2kg of salmon, 615g of pearled barley
Koji (20%), 460g of salt (15%), and:
RECIPE 3: nothing (basic rakfisk)
RECIPE 4: + 60g (2%) dried blackcurrant
RECIPE 5: + 60g (2%) juniper wood
RECIPE 6. instead of pearled barley koji,
Nøgen Byg and sunflower seed koji
We layered all these ingredients, fit an
identical food-grade plastic container
overtop and pressed them overnight at
room temperature to extract the brine.
It is important that the fermenting substrates are immersed in their own brine
both for ideal fermentation conditions
and also to reduce rancidification of the
fat from contact with oxygen in the air.
Once the brine covers the salmon we
can remove the weight in the container
on top, and add a little water to keep it
down.
Leave to ferment in a cold room (ours
was 8˚C) for at least 4 months.
We also did an underwater version of
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Recipe 3 to see how the extra pressure
might alter the fermentation. We kept it
in a hard-sealed vacuum bag 7m under
2˚C water off of the boat deck. But then
a big storm came and broke the string.
I tried to dive down and find it on the
harbour floor, but it was too deep.
The four batches gave pretty different
results, but all had amazingly a mellower and nicer smell than we expected.

Tasting notes – 3 June 2014
3. Salmon, Koji, Salt: Beautiful and soft
texture. Significant layer of fat on the
top. Quite sour and really umami, the
salmon is not pungent at all and has
developed a mushroomy/morel taste.
Salmon-like and clean aftertaste.
4. Salmon, Koji, Salt, Blackcurrant:
Tougher texture, it looks like the surface
has been over-dried by the salt. The
smell is stronger and more like Swedish
surströmming. Taste-wise it also has developed a similar character to surströmming but softer and more balanced with
a light salmon aftertaste.
5. Salmon, Koji, Salt, Juniper wood:
Soft and melty texture. The wood has
brought unpleasant notes such as bitterness, mouldy, cleaning product and
astringent. We suppose that this may
be from juniper and will try the same
recipe replacing it with inner birch bark.
6. Salmon, Heritage koji, salt: Nice texture similar to 1). The smell is incredibly
fruity/ tropical fruit. The taste is quite
sour but very complex. Very nice aftertaste, clean mouth.

Trials 3 and 6 turned out best. An
umami, salty, sour and sweet fish with
nutty and fruity notes and mellow salmon taste. A cleaner and softer version
of Swedish surströmming. And as in the
ancient Japanese nare-zushi tradition
(particularly with nama-zushi, or ‘raw
sushi’, which had a shorter fermentation
time of only month [Mouritsen, 2009]),
the grain (here kojied barley) can be
eaten. A taste of another time. « I don’t
know anymore if I like it or not » as
Josh said, but great to understand the
limits of our contemporary concept of
deliciousness.
In the middle of June last year I left
the lab. A couple weeks after, Josh and
Roberto threw together a snack with the
gravlax to try to figure it out a bit more,
find a context for it and wrap up this
stage of the research into something
appetising.

Recipe 27.6.14: Rye-birch cracker, gravlax, viili, pineapple weed
Cracker

· 400g rye flour
· 50g inner birch bark flour
· 15g salt
· 150g butter
Combine ingredients into dough, roll
out thinly, punch out small discs (~3cm
diameter), bake at 150˚C for 12 min.

Gravlax

We used trial six (with nøgen byg and
sunflower seed koji). Make a brunoise of
gravlax. Mix in minced pineappleweed
heads (Matricaria discoidea) to taste.

Assembling

Plate gravlax mixture into ring mould on
cracker to form a little bowl that reaches
the cracker in the middle. Fill the hole
with mature viili. Top with hand-pulled
buds of pineapple weed.
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Ice cream gone wild
June 15, 2015

By Avery McGuire
Here at the lab where a myriad of
cultures merge, each one of us bring a
bit of our own culinary heritage that we
can’t shake loose. Whether it is a belief
about the way cheese should be cut,
the idea of what ingredients do and do
not pair well together, or the love for an
iconic dish from home, within each of
us is a set of foodways that have been
ingrained at a very young age. We each
light up with fond memories and joy
when we think of a comforting dish
from home. It is these dishes that we
are always excited to share with the
others to, in a sense, welcome them
into our home.
For those of us from North America, last
summer we realised that our love of the
iconic ice cream sandwich has not yet
translated across the Atlantic. When I
presented that first ice cream sandwich
of the summer to the team, half of us
(those from the US and Canada) were
filled with childlike glee as memories
flooded our minds from summers spent
chasing down the ice cream truck, being
handed that cold treat in exchange for a
few hard-earned coins, peeling back the
wrapper and biting thought the brownie-like cookie to reach the sweet vanilla
ice cream, while the others marveled at
the beauty and surprising brilliance of
the novel treat.
Things are rarely ‘normal’ here at Nordic
Food Lab, so the classic ice cream
sandwich we know and love had to get
a little wild.
Wild edible plants are everywhere, yet
many people walk through life not
noticing their abundance. As a way to
familiarize Danes (or any passer-by) with
the great diversity of wild vegetation
growing right here in the city, I spent
most of the warm summer days picking
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wild plants such as beach roses (Rosa
rugosa), pineapple weed (Matricaria
discoidea), elderflowers (Sambucus spp.)
and bullace (Prunus domestica sbsp.
insitita), and turning them into delicious
ice creams. Each ice cream flavour was
sandwiched between a complementary
cookie, packaged in a brown bag, and
served around Copenhagen from our
Nordic Food Lab bicycle.

rate bowl whisk together the sugar, egg
yolks and glucose until pale and sugar
has dissolved. Add warm milk/cream
mixture one spoonful at a time to egg
mixture, whisking continuously. Return
custard mix to stovetop and heat gently
until it reaches 80˚C and thickens to
coat the back of a spoon. Allow to cool in
Pacoject container. Add elderflowers and
allow to infuse overnight in refrigerator.
Freeze with elderflowers in, and spin in
pacojet when ready to serve.

· 4g salt
· 200g brown sugar
· 110g butter
· 1 egg
· 85g black bakery syrup, or molasses

Cookie

Pineapple weed Ice Cream with Oatmeal Cookies

· 67g granulated sugar
· 155g all-purpose flour
· 80g butter (cut into cubes)
· 4g salt
· 1-2 egg yolks
Mix together the sugar, flour, salt and
butter with hands until it becomes a
breadcrumb-like texture. Add a yolk or
two to moisten. Form into a ball, wrap
in clingfilm and refrigerate for 30 mins.
Roll out dough, cut into circles, and bake
at 160˚C for 10 minutes.

Avery on her ice-cream bike

Below you will find some recipes to
inspire you to look to the edible plants
growing wild in your neighborhood and
think of them as ingredients rather than
just a garnish, or even worse, a weed.

Elderflower and Lemon Ice Cream
with Sugar Cookies
Ice Cream

· 600g milk
· 400g cream
· 120g sugar
· 300g egg yolks
· 20g glucose
· 200g elderflowers on the stem that
have been soaked in lemon, sugar
and water (these were left over from
making the elderflower wine for our
elder vinegar)
Heat milk and cream in a saucepan until
just below a boil (about 85°C). In a sepa-

Dulse Ice Cream with Molasses Cookies
Ice Cream

· 600g milk
· 30g dulse
· 100g cream
· 89g trimoline
· 35g sugar
· 24g Thick and Easy, or 4 g of Iota (a
hydrocolloid isolated from carrageen
algae, also known as Irish Moss or
Chrondus crispus)
Infuse dulse in milk at 50 for 1 hours.
Either strain dulse or puree it and add it
back to the milk. Gently warm the cream
to dissolve sugar and trimoline (if using
iota, add it and bring mixture up to
70˚C). When cool combine all ingredients and pour into pacojet container.
Freeze. Pacojet.

Cookie

· 145g all-purpose flour
· 4g baking soda

Whisk together dry ingredients. In a
separate bowl cream together butter
and sugar, then add egg and molasses.
Mix dry ingredients into the wet. Scoop
cookies onto a baking sheet and bake at
175°C for 8-12 minutes.

Ice Cream

· 600g milk
· 400g cream
· 120g sugar
·20g glucose
· ~2.5L blanched pineapple weed
citric acid to taste
Infuse blanched pineapple weed in milk
overnight. Strain (but save plants). Warm
milk, cream and trimoline just below
boiling (about 85°C). Whisk together
sugar and egg yolks. Slowly add warm
milk and cream mixture. Return to pot
and bring up to 82°C. Cool. Add pineappleweed back to mix and blend in a
thermomix or high-powered blender.
Pour into pacojet container. Freeze. Pacojet when ready to serve.

Cookie

· 125g all-purpose flour
· 90g oats
· 150g sugar
· 30g brown sugar
· 75g hazelnut or almond meal
· 4g baking soda
· 57g butter
· 2 tbs honey
· 3 tbs water
Mix together dry ingredients. In a small
saucepan gently heat together butter,
honey, and water. Pour over dry mixture.
Scoop dough onto cookie sheet and bake
at 162˚C for 8 minutes.

Bullace Ice Cream with Almond Butter
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Cookie
Ice Cream

· 300ml double cream
· 150ml milk
· 6 egg yolks
· 60 grams sugar
· 300ml bullace syrup*
Heat milk and cream to just below a
boil (about 85°C). Meanwhile whisk
together egg yolks and sugar until the
yolks turn a pale yellow and the sugar
has dissolved. Slowly add (one spoonful
at a time) the hot cream and milk to the
egg yolks while whisking continuously.

Return mixture to the pot and heat over
a water bath until it reaches 78˚C. Strain
mix through a mesh sieve, cool and then
add syrup. Churn in ice cream maker.
*bullace syrup: mix equal parts bullace
fruits, sugar, and water in a pot and
simmer for 40 minutes. Actively pass
through a fine sieve or cheesecloth.

· pinch salt

Cookie

Wild ice cream season is starting again –
and we’re ready for it.

· 125g almond butter
· 45g milk
· 25g brown sugar
· 35g all-purpose flour
· 25g oats
· 4g baking soda

Whisk together the nut butter, milk, and
sugar. In a separate bowl whisk together
flour, oats, baking soda and salt. Add dry
to wet. Mix until well combined. Scoop
onto baking sheet and bake at 162˚C for
8 minutes.

ed. – We’re very proud that Avery is
pursuing her passion for wild plants,
now working as a full-time forager with
Forager Ltd. In the UK.

Elderflower and Lemon Ice Cream with Sugar Cookies

Pineapple weed Ice Cream with Oatmeal Cookies

Dulse Ice Cream with Molasses Cookies

Bullace Ice Cream with Almond Butter Cookie
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Kimchi Journey
July 31, 2015

Researcher: Youngbin Kim
Start Date: April 2014
End Date: July 2014

Overview
Kimchi is the most typical and essential
fermented dish in Korea, comprising a
range of ancient and diverse traditions.
The goal of this project was to try to
model traditional Kimchi recipes by their
functional components and use this
knowledge to make ’Nordic’ analogues
based on these principles. We include
our most successful trial below, as well
as some further applications of the
pickles and the brine.
___________________________________

Introduction
Kimchi is the most typical and essential
fermented dish in Korea. Koreans eat
Kimchi at every meal every day, which
along with the broad variety of vegetables used contributes to Koreans’ intake
of beneficial nutrients and enjoyment of
diverse Kimchi tastes. Koreans say that
they feel something is missing if there
is no Kimchi on the table and it is very
normal to have two or three different
types of Kimchi at one meal. Every
household in Korea has a separate fridge
only for ‘precious’ Kimchi, so-called ‘Dimchae’, which keeps Kimchi at a constant
temperature – usually between 5-10˚C
though the user decides based on the
maturity level they wish to prolong its
period of edibility. Making Kimchi is one
of the biggest and the most important family events. All family members
gather to make Kimchi on ‘Kim-jang’ day
and share their life stories and news.
The mother and aunts teach the daughters how to make Kimchi under the
instructions of the grandmother with
their life-long experience for delicious
recipes and techniques. Everyone has
their own recipe or additional ingredi-

ents, so every home-made Kimchi has its
own flavour depending on the unique
family preference, where they live or
when they made it. When Koreans
travel abroad, they never forget to carry
several packs of Kimchi in their luggage,
as well try to find a Korean restaurant
in the foreign country because Koreans
cannot imagine the meal without
Kimchi. Therefore, I dare say that Kimchi
is a cultural icon of Korea and the core of
Korean cuisine which is one of its most
precious assets.

History
It is believed that Kimchi originated
from the salted vegetable preparation
called ‘Jeo’ in China, whose first written record dates to about 2000 years
ago (Han et al., 2012). However, there
is no written record of Jeo or Kimchi in
Korea until the 10th century. It was first
described in ‘Dong-guk-i-sang-guk-jip
(Collected Works of Minister Yi of Korea)’
from the 12th century that salted radish,
turnip, and cabbage was made to be
able to consume vegetables throughout the winter (Lee, 2000). This source
indicates that the initial form of Kimchi
was salted vegetables with or without
grains and spices, which is quite similar
to ‘Jang-a-jji’ (fermented vegetable with
salt) in contemporary Korean cuisine
(Lee, 2000). Since then or maybe before
(it is not clear from the historical record),
Kimchi was developed to include the
condiments such as garlic, ginger, Chinese pepper, madder (Rubia tinctorum),
windflower (Anemone spp.), and others,
and then fermented (Park, 2005). The
Chinese cabbage was first introduced
to Korea much later, around the 17th or
18th century. Cultivation of red chili pepper started in the end of 16th century
during the war against Japan, but it
was first used in Kimchi only in the late
18th century (Han et al., 2012). The use
of red chili pepper in Kimchi mainly

Figure 1. Typical Kimchi made of Chinese
cabbage and chili pepper

Figure 2. Kimchi in Ong-gi, buried in the
ground [http://www.asanonggi.com/]

began in order to reduce the amount of
salt which was very expensive at that
time (Lee, 2000). As well, it was also due
to the practical property of chili which
increased the edible period of Kimchi by
slowing the fermentation, and likely also
the appetising red colour it contributed.
It was only around the late 19th or early
20th century when Kimchi settled into
its current form made with Chinese cabbage and red chili pepper, which is the
most famous and prototypical form of
Kimchi nowadays (Park, 2005).
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Brief overview of how to make Kimchi
1) Soak the Chinese cabbage in brine for
few hours to reduce its water content
and to kill undesirable microorganisms.
Then, wash them thoroughly and strain.
2) Prepare all the spicing ingredients
(garlic, ginger, red chili pepper, etc.) and
grind them to make a sauce with rice or
wheat porridge.
3) Chop the daikon and spring onion,
and mix with the ground vegetables. It
is common to add some fish sauce or
other ingredients such as oyster sauce
by one’s preference.
4) Fill each leaf of cabbage with the
sauce, and put them into a container.
Seal the container thoroughly, and
store it at a proper temperature for the
fermentation.

(Platycodon grandiflorus), pumpkin leaf,
and other plants are used for making
Kimchi according to the season.

Regional variation

There are more than 200 kinds of Kimchi differing according to the types of
vegetables and the addition of specific
ingredients such as fish or meat. As
previously mentioned the most common type of Kimchi is made mainly
with Chinese cabbage (Napa cabbage),
however, it varies by the seasonal main
ingredients, geographical characteristics
and processing method.

As the northern part of Korea is colder,
Kimchi in the north is less salty and
less spicy because the fermentation
happens more slowly and not as much
salt/spiciness is needed to control it.
The fishing in northern areas is stable
throughout the year, therefore, there are
many types of Kimchi fermented with
fish such as cod, pollack, and flat-fish.
Also it is common to pour more water in
Kimchi, which explains why Dong-chimi (watery white radish Kimchi) is one
of the most famous types of Kimchi in
the north. The southern part of Korea
is warmer and all sorts of seafood are
abundant since it is surrounded by sea
on three sides. There are many different
types of fermented seafood in the south,
which are also used to make Kimchi.
These influences along with the higher
temperature in the south have led to
saltier and spicier Kimchi with strong
and intense flavours, which helps to
preserve the Kimchi longer in these
conditions (doopedia).

The Kimchi seasons

The ’vital trio’ and other ingredients

Korea has four distinct seasons, which
also influences the Kimchi culture. Kimchi made of Chinese cabbage is common to prepare at the end of autumn
before winter comes when the cabbage
is harvested. In winter, white radish
(daikon) is used to make watery white
Kimchi which is called ‘Dong-chi-mi’.
Newly-harvested cabbage, water parsley
and mustard leaf are the main ingredients for spring Kimchi. Due to the high
temperature in summer, it is usual to
make short-term Kimchi with cucumber,
young small radish stems and chives
(doopedia). All year round, wild plants
from mountainous areas are also one
of the most common ingredients for
making Kimchi. For example, ‘sesame
leaf’ (Perilla spp.; unrelated to Sesame,
Sesamum indicum), balloon flower root

As additional ingredients, different sorts
of vegetables such as radish, spring
onion, and chives can be selectively
used. For spicing, garlic, ginger and red
chili powder (the vital trio of Kimchi) are
now essential. It has been indicated that
garlic’s antimicrobial properties help to
prevent the spoilage of Kimchi, and its
allicin improves the intake of vitamin B
(Han et al., 2012). Capsaicin from red chili
powder inhibits microbial metabolism
which slows the acidification of Kimchi,
which also helps to keep the good tastes
of the amino acids (Kim et al., 1996).
Fermented fish sauce called ‘Jeot-gal’ is
regarded as a necessary ingredient in
Korea, however, as mentioned above, it
differs according to the region or family
taste whether Jeot-gal is used in Kimchi
or not. Jeot-gal itself is the product of
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Figure 3. Nordic Kimchi – Romaine, horseradish, and fruits

Figure 4. Many early trials

Figure 5. Early trials with red cabbage
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lactic acid fermentation of seafood, so it
is full of umami and accelerates the fermentation of Kimchi (Kim et al., 1996).

Kimchi microbiology and the ’fermented taste’
Kimchi is mainly fermented by Lactic
Acid Bacteria (LAB), which contribute to
its distinct pungent tangy flavour. Lactobacillus spp. and Leuconostoc spp. different from those found in dairy products
or in the human gut are, along with
Weissella spp., the main genera responsible for the fermentation in all types of
Kimchi (Ko et al., 2013, Jung et al., 2014).
Chang et al. (2009) have shown that
some strains of LAB in Kimchi are able
to survive in the acidic conditions of the
stomach, so they reach the intestine
which promotes gut health and boosts
the immune system. Therefore Kimchi
has recently gained attention for its
likely pro-biotic activities.
The flavour and texture of Kimchi is significantly determined by the fermentation conditions – for instance, the temperature, fermentation period, and storage
materials. It is now common knowledge
that Kimchi fermented at lower temperatures (5-10°C) shows less acidity than
one at higher temperatures (15-20°C),
and also has a longer edible period (Noh
et al., 2009). This is why winter Kimchi
has a longer period of good taste than
summer Kimchi. Of course, the Kimchi
stored for a long time is also more sour
and shows a softer texture with a strong
tangy flavour compared to the ones
stored for a short period which have a
less mature, more raw taste.
The storage material also matters. In
Korea, Kimchi has traditionally been
stored in Ong-gi which means earthenware. Ong-gi is buried under the ground
in wintertime to prevent the Kimchi
from freezing and to keep a constant
temperature. One study about Ong-gi
(Jeong et al., 2011) revealed that there
are the differences in Kimchi stored in
Ong-gi compared to plastic containers,
steel boxes and glass bottles. The struc-

ture of Ong-gi has micro-scale porosity,
which helps the gas permeability of
Kimchi and increases the multiplication
of LAB. This facilitation enhances the
antioxidant and anticancer properties of
Kimchi, and stabilises its sour taste at a
good level (Jeong et al., 2011).
Fermentation can last more than one
year, up to 3-5 years, then the whole taste and flavour are totally different from
the beginning with lots of fermented
taste harmonized between all the ingredients. It is said that this fermented
taste (it’s called the sixth taste in Korea)
is a typical Korean taste, where all different ingredients are integrated and
thus create a new special taste. It is very
much alike Korean cultural philosophy,
emphasizing the harmonization of different people and groups, which further
strengthens the union of the whole
nation (Kim, 1996).

Figure 6. ’Nordic’ Kimchi – White cabbage,
horseradish, onion seeds, and ramson
berries

’Nordic’ Kimchi
Now we have better understanding of
Kimchi. It is tasty, healthy, and efficient
for preserving vegetables with lots of variety. As a Korean, I have been interested
in making different types of Kimchi based on the cultural and geographical circumstances in Europe. I have seen many
of my foreign friends try Kimchi, but
they didn’t enjoy it because it was too
hot-spicy or its funky fermented taste
was too unique or strong. Therefore, the
goal of my Kimchi project was to make
Kimchi adapted to the Nordic region,
not only with the ingredients but also
for the cultural and flavour identity. I
believe also that there must be potential
for Kimchi in Central or Northern Europe
since Sauerkraut and Kimchi share some
kind of identity based on their roles in
cuisine, their taste, and the fact that
both are made by lactic acid fermentation of vegetables.
Red Kimchi made of chili powder is the
most well-known worldwide, however,
there are also white watery Kimchi
made of radish with lots of garlic, ginger,
and spring onion and no chili powder.

Figure 7. Nordic Kimchi – Turnip, horseradish, sand leek

Figure 8. Elderflower Kimchi trial
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Figure 10. ’Nordic’ Kimchi - Romaine, horseradish, and ramson

Figure 11. Another trial of our white Kimchi
based on savoy cabbage

Figure 12. More Nordic Kimchi – Radish or
Turnip, horse radish, ramson berry or sand
leek

SIDE 278 | NORDIC FOOD LAB |

Rice porridge (or wheat) is added to
make sauce thicker so that it can cover
all the ingredients well and stimulate the fermentation process. As chili
powder, ginger and rice are not typically
Northern European, we considered other
ingredients with similar pungency and
anti-bacterial properties. It was also
important to find the best spicing trio
for Nordic Kimchi like the essential three
spicing ingredients of original Korean
Kimchi – garlic, ginger, and red chili powder. Since the image of white Kimchi for
me was watery, I started to make watery
Nordic Kimchi, which means that all the
ingredients are prepared and kept all
together in a special brine for the fermentation. Several first trials turned out
good and tasty, so I continued this way
for making Nordic Kimchi. In addition,
substituting the rice porridge was easily
solved by using barley porridge.
For about 4 months between April
and July 2014, I tried many different
prototypes of Nordic Kimchi with broad
varieties of vegetables, fruits, wild
plants, and algae. The main ingredient
was decided by the season in Denmark.
I made variations on Chinese cabbage,
daikon, beetroot, white cabbage, red
cabbage, pointed cabbage, butter-head
lettuce, romaine, turnips, young radish,
kohlrabi, and others. Among these,
pointed cabbage and romaine turned
out to make the best Nordic Kimchi. The
texture was very crisp and crunchy, and
it lasted quite a while with a consistent
flavour and texture.
To find the most delicious pungent
ingredients, I explored horseradish,
mustards, white pepper, onion seeds,
ramson, sand leek, garlic, and different
types of onion. I made many attempts
to find the best combinations of these
different spices. Horseradish fit very
well with Kimchi and it gave a great
refreshing and pleasant flavour. When
the controls without horseradish were
compared to the trials with horseradish,
it was obvious that the horseradish
Kimchi had a longer edible period and
kept a constant flavour, probably due

to its anti-microbial property. It was a
good substitute for the red chili powder
of original Kimchi, and culturally in the
Nordic region, it is quite common to use
horseradish in cooking.
Several pungent wild plants were also
tried. We foraged some ramson leaves
and berries, and sand leek seeds from
around Copenhagen. Ramson leaves
and berries in particular added a fresh
and pungent flavour, and they harmonized well with the horseradish. They
also contributed to the tanginess of the
Kimchi, which gives the fresh bubbling
sensation on the tongue. The sand leek
seeds contributed to the beautiful pink
colour in Kimchi and the taste was good
in the beginning of the fermentation;
however, it became too bitter to eat
after 3-4 weeks and they had a negative effect on the texture of the leafy
vegetables. With the root vegetables like
radish or turnip, the edible period was
bit longer with an even more beautiful
colour. Kelp and elderflower were also
added to some trials. Kelp didn’t really
affect the flavour which was different
from the initial expectation that they
would help increase umami in the Kimchi. Elderflower Kimchi was very floral
and interesting, but after two weeks it
became very bitter.
After we began gaining a picture of the
best ingredients to use, the trickiest
parts of the experiments were to find
the best salt level and time duration for
soaking the vegetables, the most proper
salt level for the fermenting brine, the
percentage of each ingredient added,
the ideal fermentation temperature and
time. From many different trials, I found
the best recipe with romaine salad
spiced with horseradish, ramson berries,
and garlic. Additionally, onions and
some fruits were used from the style of
Korean summer Kimchi. So, here goes
our best recipe of ’Nordic’ Kimchi from
among different versions.

Romaine Kimchi
· 300g romaine lettuce leaves
· 100g sliced horse radish
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· 5-6 cloves of garlic
· 10-15g of ramson berries or leaves
· 1/2 white onion
· 2 apples
· 2 pears
· 30g barley flour
· ~100-120g sea salt
· ~4-5 L water
1. Wash the romaine thoroughly, and
soak it in 5% brine for about 2 hours
(need to check every 30 min the texture
of the leaves, if the green part is softened and the stem part is softer than
before but still snappy, then it’s ready).
2. Wash the romaine to remove all the
salt and strain it until it is no longer
dripping water but before it begins to
dry out.
3. Boil 100g of water with 30g of barley
flour to make a light porridge for about
6-8 minutes until it forms bubbles, and
cool it down.
4. Peel all other ingredients (onion,
garlic, apples and pears), blend them together in a thermomix, filter it through
a very fine net (superbag) and reserve
only liquid part (it is better to filter passively for a clearer liquid). Reserve the
pulp for another purpose.
5. Make 2L of 2.5% brine (50g of salt
+ 1950g water) and mix with 50g of
cooled barley porridge, and 100g of
veg&fruits liquid.
6. Put all salted romaine, sliced horseradish, and ramson in the vacuum bag,
pour in the prepared brine and seal.
7. Store at a cool temperature (10-15°C)
for 3-4 days until the vacuum bag expands, which means the fermentation is
active. Remove the air inside of the bag,
seal it again, and move it to the fridge
(4-5°C).
8. Store Kimchi in the fridge for about
a week then it is ready to eat. Store for
less time for less fermented taste, and
longer time for more fermented and
more sour taste – but then be careful
of the leafy vegetables becoming soggy
and too wilted.
The time for soaking the vegetables
differs depending on the type. For
example, if the vegetable has more rigid

body such as white cabbage, then it
needs more time to soak in the brine.
The amount of spices is adjustable according to one’s taste. If you want more
pungent flavour, add more horseradish
or ramson. Make sure the barley flour is
fine enough to not make the brine too
cloudy. For more fresh sweet flavour, you
can add extra sliced apples or pears. I haven’t tried with other types of container
for fermenting Kimchi, but whatever the
container you use I would recommend
making sure that all vegetables are
submerged in the brine as they are
fermented.

Figure 13. Pickling baby cucumbers in different Kimchi juices

Further applications of ’Nordic’
Kimchi

In Korea, Kimchi is used in many different ways in cooking, and especially the
Kimchi juice is applied in various food
preparation techniques. We put noodles
in the Kimchi juice as a typical winter
dish or we make a soup out of red Kimchi juice. Since the liquid part of Nordic
Kimchi is also very refreshing, sour, salty,
and also full of umami, we wanted to
apply it in different ways.
I think this is where the project got
really interesting. First, we tried to pickle
different vegetables and fish in the
Nordic Kimchi juice. Small vegetables
such as baby carrot and baby cucumbers
were pickled in Kimchi juice and stored
in the fridge (4-5°C) for about 3-4 days,
and baby cucumbers turned out very
refreshing and tasty. It wasn’t too salty
or too acidic, it was just right to eat in
the salad or as a side dish of meal.
When mackerel was in season, we
picked it in Nordic Kimchi juice with
little bit of raw apple vinegar and onion.
It was a good way to smooth any overly
fishy smell and to soften the flesh of
mackerel with acidity. At an event we
did last summer called ‘Science at Sea’
held on the main harbour as part of the
Science in the City festival organised by
the City of Copenhagen, we served this
dish as part of our menu: mackerel pickled in Nordic Kimchi juice with green apples and channelled wrack seaweed. The

Figure 14. Kimchi-liquid-pickled baby carrots

Figure 15. Pickled mackerel in Kimchi juice,
green apples, seaweed – for Science at the
sea event

Figure 16.
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few hundred people we served enjoyed
eating it even though most of them
hadn’t tried Kimchi before. It could make
a nice appetizer or also good snack on
top of the bread, like Smørrebrød.

Figure 17. Dehydrating the Nordic Kimchi
made of small radish and sand leek

Figure 18. Kimchi finished being dehydrated

Figure 19. Fried dehydrated Nordic Kimchi
leaves made of white cabbage and horseradish

Figure 20. Dehydrated Nordic Kimchi juice
salt
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Then I tried dehydrating the Nordic
Kimchi leaves and the juice. To minimize
any changes on flavour and colour, the
leaves and the juice were dehydrated
below 35°C. Within a week, the leaves
were still not totally crispy which was
probably due to the low temperature,
so the texture was still a bit chewy. But
the flavour was very interesting. It was
intensely salty but still sour with a good
fermented taste of Kimchi. We fried
some of the dehydrated Kimchi leaves
and radishes and they were very savoury.
We easily ate them just as a snack. I can
see the potential of these dehydrated
Kimchi as a beautiful and tasty garnish
for a dish.
But the most interesting finding from
dehydrating the Kimchi was actually the
dehydrated Kimchi juice. It was also dehydrated below 35°C, but it seemed like
some sort of caramelization was happening which made the colour, texture,
and taste very different. Of course, these
changes were also due to concentrating
the juice, which already had many different contents. We called this dehydrated
Kimchi juice ‘Kimchi salt’ since it was extremely salty with powerful umami and
sourness. The flavour was very meaty
and reminded us of wild mushrooms
from the forest. The structure of it was
also beautiful, a mixture of regular and
irregular crystals. Looking at it through
the sunshine was astonishing. We could
easily imagine having a little bit of this
Kimchi salt on top of vegetable salad or
on bread with a soft layer of butter. It
could also be a useful seasoning to give
a powerful complex umami taste to a
dish, especially one without meat.

saltiness, sourness and umami, and it
can be applied many different ways in
our cuisine. There are also many different ways to make Kimchi, just like this
Nordic Kimchi which we created with
certain geographical and cultural traits
in mind. I am confident that we can
also make all different types of Kimchi
everywhere in the world with their
own ingredients and adapted to their
own conditions. Of course, every Kimchi
won’t taste the same, which is the best
part. I personally believe it is meaningful
to share the identity of food between
different cultures and it is interesting
to re-create the taste and flavour of
an existing food in other cultural and
environmental conditions. So, if you
are a big fan of Kimchi or any type of
vegetable fermentation, I would like to
recommend that you make your own
Kimchi with your own bright ideas and
little bit of craziness. It will make you
surprised with joyful fermenting activity
and unexpected great taste!
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Lost Linden
August 3, 2015
Our linden flower season is over. The
heavy, abrupt summer rains spent the
last couple weeks flushing every yellow
blossom to the gutters, oxidised and
sole-sticking.
It’s made me think of last summer,
when one of our interns, Pete, was working on sourdough bread. One day during
July, when the linden trees were in full
bloom, he foraged some around the city
to inoculate a sourdough starter. There
was a bunch extra so he stuck them in

the dehydrator to dry.

tea.

They grew stickier, their sweet nectar
intensified. One afternoon a few days later, quite spontaneously as these things
often happen, Pete took some of these
dried linden flowers, blitzed them to a
powder in the thermomix, and added
some water. It turned into a gel.

When we came back to it the next day
in the fridge, the gel was as strong as
ever, holding its shape even when shaken vigourously around in its container.
It’s surface had oxidised, and it smelled
exactly like blueberries. Exactly.

It was quite a stable gel too. We smelled,
prodded, tasted. The flavour was quite
strong, compared to, say, linden flower

Then, he made it again, and used it to
make bread.
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Cooking with Alkali
August 6, 2015

Researcher: Alec Borsook
Start: June 2014
End: August 2014; ongoing

Overview
Alkali cooking techniques are largely underexplored in contemporary kitchens.
This post is a basic overview of what
alkalis are, what they do, and how they
can be useful.
A notable fact is that calcium hydroxide
(Ca(OH)2), one common alkali, can be
made quite easily in kitchens by burning
eggshells, whose calcium carbonate
is then converted into calcium oxide
(quicklime, CaO), which can be ‘slaked’
with water to become calcium hydroxide.
___________________________________
Acidity comes in many delicious forms.
Much of the research performed here at
the Lab concerns our unending search
for them, from our exploration of sour
wild things to our investigations of the
possibilities of lactic and acetic acid fermentations. Acids can balance flavours,
providing brightness and cutting
through richness, or they can make you
pucker your lips in a delight bordering
on pain. But what about their chemical
opposites, the alkalis?
In continuation of some previous
forays into the subject, last summer we
conducted a survey of alkaline cooking
methods. Baking soda, or sodium bicarbonate (NAHCO3), is probably the most
frequently found alkali in the kitchen,
used in conjunction with an acid as
a leavening agent. Other alkalis, such
as quicklime (CaO, calcium oxide) and
potash (encompassing various salts of
potassium), are generally less frequently
encountered, and not without reason:
they can taste bitter and soapy and even
inflict chemical burns on the incautious.
But when used deliberately and with
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care, alkalis comprise a versatile culinary
toolkit, capable of altering the flavour,
texture, and appearance of foods to
delicious effect.

far away from each other as possible,
and the bonds between positively and
negatively charged chemical groups are
maximised.

The basics – what is an alkali?

Lowering the pH of a food by, say,
marinating it in vinegar, involves surrounding its proteins with hydronium
ions, which can donate positively
charged protons to parts of amino acids
along the chain, among other effects.
Chemical groups in the protein and
the surrounding solution rearrange
themselves accordingly, and the protein
changes shape – it becomes denatured.
This process can alter the texture and
appearance of foods, as occurs in seafood ‘cooked’ in acid in a ceviche.

In any aqueous solution, water (H2O)
exists in equilibrium with its ionized
forms, the protonated hydronium ion
(H3O+, often written as simply as a proton, H+) and the deprotonated hydroxide ion (OH–). Acids are those substances
that shift this equilibrium toward the
hydronium ion. Alkalis, or bases, favour
the hydroxide ion.
The pH of a solution is a measure of its
acidity or alkalinity, calculated as the negative logarithm of the hydronium ion
concentration. The pH scale is centered
at 7, at which hydronium and hydroxide
ions are present in equal concentrations.
Lower pH values correspond with acidity
and greater hydronium concentrations, higher pH values with alkalinity
and greater hydroxide concentrations.
Common food molecules like proteins,
carbohydrates, and fats may exhibit different properties in different environments, and adjusting the pH of a food is
one way to significantly alter its sensory
qualities.

Alkalinity and proteins
Proteins consist of long chains of amino
acids, or polypeptides, folded into a
specific three-dimensional shape. This
shape is determined largely by the
amino acids’ interactions with each
other, the aqueous solution surrounding
them, and by the action of enzymes
that modify the folding process following synthesis. A protein tends to
fold into a conformation that minimizes the energy of the system – that is,
the protein and its environment. For
example, positive charges move as

Proteins can just as easily be denatured
by adjusting the pH in the opposite
direction – by marinating food in an
alkaline solution instead of an acidic
one. Whereas acids donate protons to
various chemical groups within proteins,
alkalis tend to pull them away, which
can have a different but comparable
effect on protein structure.
Alkaline brines and marinades are
frequently employed in Chinese cuisine
to alter the texture of meat or seafood.
Before cooking, shrimp are soaked in a
mixture containing a weak alkali, such
as sodium bicarbonate, or egg whites,
which are naturally alkaline. Shrimp
prepared in this manner develop a
firm, almost crunchy texture, yielding
between the teeth with a satisfying pop.
A similar marinade containing baking
soda or egg whites can be applied to
slices of meat in a technique called
‘velveting’, yielding a downy soft cooked
product (Wang, 2011). To know what effect alkaline treatment might have on a
specific protein seems to require a bit of
experimenting: our sodium bicarbonatetreated shrimp were firm and delicious,
but we found no such success in ap-
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plying this treatment to scallops, which
grew soft and developed a faint odor of
ammonia when cooked.

colour of pretzels, for example, is
achieved by a dip in an alkaline solution
before baking in a hot oven.

Our trial involved three brines and two
soaking periods:

A traditional preparation in Sephardic
Jewish communities calls for eggs to be
simmered overnight, by the morning
yielding egg whites with a light brown
tint and some of the nutty, meaty qualities generated by Maillard reactions.
Although the temperature of these
‘Sephardic eggs’ or huevos haminados
never exceeds 100ºC, an impressive
reaction can be produced within hours
due to the natural alkalinity of the egg
white, promoting reactions between the
amino acids and sugars in the white. By
this method, a complexly flavoured egg
can be produced while retaining some
of the desirable qualities provided by
lower cooking temperatures – Harold
McGee specifies a range between 71 and
74ºC (McGee 89).

Brine 1 (control): 40 g salt in 1 L water;
pH ~6.5.
Brine 2: 40 g salt, 40 g sodium bicarbonate in 1 L water; pH ~8.0;
Brine 3: 40 g salt, 2 drops 33% potassium
carbonate in 1 L water; pH ~9.4
Each brine was used to marinate shrimp
for 1.5 hours or 15 minutes. The shrimp
were then sautéed in butter and served.
In direct comparisons, there was a noticeable difference in texture between the
alkali and non-alkali brined shrimp, with
the alkali brine imparting a ’bounce’
or almost crunch to the flesh of the
shrimp.
Stronger alkaline treatments can increase the chance of breaking down fats
and developing soapy flavours, but they
are applied to great effect in developing
the characteristic flavours and textures
of delicacies like the Nordic lutefisk and
the Chinese pidan, or century egg.

Alkalinity and Maillard reactions –
interactions between carbohydrates
and amino acids
Alkalis can also be used to increase the
rate of Maillard reactions, the group
of chemical reactions between amino
acids and sugars responsible for the
deep brown colour and complex flavour
of many of our favourite foods. Perceptible Maillard flavours may emerge in
seconds, as in a seared piece of meat,
or more slowly when temperatures are
lower – over a period of weeks in the
case of black garlic.
Alkaline conditions facilitate Maillard
reactions because they pull protons
away from the nitrogen-containing
amine groups in amino acids, making
them more likely to react with sugars.
The distinctive flavour and deep brown

We attempted preparing Sephardic
eggs at a lower temperature, 66ºC, but
even after 24 hours, this temperature
resulted in a barely visible reaction and
imperceptible Maillard flavour. A couple
of weeks later, however, an event left us
with a silly number of extra eggs, and
we tried again – this time the process
worked. As eggs are stored, carbon dioxide, which is weakly acidic, diffuses out
of the egg, and the pH of the white steadily increases from about 8.5 at one day
old to as high as 9.4 at ten days (Scott
and Silversides, 2001). An egg a couple of
weeks after being lain, then, should be
primed for browning. 24 hours at 66ºC
produced a custardy, sandy-coloured
egg, buttery and mineral and already
beginning to taste like chicken.
These trials with eggs have prompted
us to consider other foods that might
benefit from slow cooking under alkaline conditions. While naturally alkaline
foods are somewhat unusual, adjusting
the pH of foods with an alkaline brine
before cooking may prepare them to
quickly undergo Maillard reactions even
at relatively low temperatures, creating
possibilities for new combinations of

Trials of alkali-treated shrimp

Sephardic eggs

flavour and texture.

pH and colour change
pH can affect the colour of food much
more than just the range of Maillard
browns. The colour of many anthocyanins – compounds that give foods
like red cabbage and blueberries their
brilliant colours – changes with pH, such
that red cabbage juice can be used as
a pH indicator. A drop of anthocyaninrich cabbage juice will appear red in
a low pH solution, blue in a higher pH
one, and eventually green and yellow in even more alkaline solutions.
Another example of naturally occurring,
pH-sensitive pigments can be found in
litmus, a dye extracted from lichen that
follows a similar progression from red at
low pH to blue at high pH.
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Variance of anthocyanin pigmentation by
pH.

down this specific mechanism – we look
forward to publishing more information
on this process and its culinary potential
in a future post.

pic on which Dave Arnold has produced
an excellent resource, and on which we
will be sharing some of our own results
soon).

Sources of alkalinity

Wood ash also consists largely of calcium carbonate, with smaller quantities
of potassium salts and other minerals.
We punched some small holes in a container, lined the bottom with small stones, and filled the container with sifted
ash from our grill. By repeatedly filtering
water through the ash, we obtained a
transparent, yellow-tinted solution of
pH 12.6, which, for our purposes, is as
strong as we need.

Alkalis, like acids, are highly variable in
both strength and their suitable applications in the kitchen. Baking soda
is a pantry staple, a mild alkali and
convenient chemical leavening agent
due to the carbon dioxide released by
the bicarbonate ion’s reaction with acid.
However, it is too weak of an alkali for
certain applications.
Potassium carbonate (K2CO3), quicklime/calcium oxide (CaO), and sodium
hydroxide (NaOH) are all stronger alkalis
that can be purchased as solids or in
solution for food use, but they are not
necessarily easy to find or convenient to
keep on hand, being highly caustic and
easily mistakable for, say, salt. Following
traditional methods, it’s a relatively
simple matter to prepare alkaline solutions of comparable strength as needed,
often using materials that might otherwise be thrown away.

L to R: shallots, white onions, and shallots
treated with Ca(OH)2; shallots in the righthand sample were cooked after alkaline
soak.

More recently, this summer we observed
that onions soaked in an alkali solution
turn bright yellow and developed a
distinctive aroma, very much like corn
chips. Originally we thought this might
be due to polymerisation of sulphurous
compounds in alliums facilitated by the
physical and chemical breakdown of the
allium tissues due to exposure to the
alkaline solution, though subsequent
trials point towards other compounds –
perhaps quercitin, an antioxidant flavonol responsible for over 85% of onion’s
flavour and with yellow pigmentation
which becomes enhanced when it
polymerises. Thanks to Karsten Olsen at
the Department of Food Science at Copenhagen University for helping us track
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The shells of eggs and bivalves like
mussels or oysters are composed largely
of calcium carbonate (CaCO3), a weak
alkali. Calcium carbonate is not highly
soluble in water, but the shells, heated
briefly in a flame to burn away the
residual membrane and its eggy odour,
can be crushed and mixed with water to
produce a solution of around pH 8.5, similar to what we can make with baking
soda. When the shells are heated very
strongly, until they turn black, ideally red
hot, then white or grey, their calcium
carbonate is converted to quicklime, or
calcium oxide (CaO), which forms calcium hydroxide (Ca(OH)2) when ‘slaked’ or
mixed with water. Applying this procedure to eggshells, we produced a highly
alkaline solution of pH 12.2. Quicklime
is suitable for nixtamalising grains for
tortillas and tamales, being a relatively
strong alkali and containing the calcium
necessary to form a cohesive masa (a to-

A note on safety
Despite their interesting applications,
it’s important to be aware that alkalis
are hazardous chemicals, and certain
safety precautions should be observed
in their use. Strong alkalis in solid form
or in solutions with a pH of around 10.5
or higher are caustic and can corrode
skin and other tissues. When handling
these strong alkalis, gloves and goggles
should be worn. If a strong basic solution splashes on a person’s skin or eyes,
the exposed area should be flushed with
cool water for several minutes. Spills
should be neutralized with vinegar or
another acid before being cleaned up.
Unlike some other classes of chemicals,
however, alkalis are non-toxic at low
concentrations and don’t pose a risk of
accumulating in the body, so alkalised
foodstuffs carefully prepared are safe to
eat. Where strong alkaline treatments
are applied, rinsing and/or soaking alkalised foods in water seems to be the general practice preceding any final steps
in preparation – nixtamal is rinsed after
the alkaline boil and soak and before
being ground into masa, for example,
and lutefisk is soaked in several changes
of water before cooking.

More
We have been conducting more research
on several specific applications of alka-
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lisation, so stay tuned as we delve into
some extensions of this fundamental
aspect of cooking.

Lore and The Science. Royal Society of
Chemistry, 2010.
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Jellyfish
August 11, 2015
Researcher: Youngbin Kim
Start: July 2014
End: August 2014

Overview
Jellyfish, especially Moon jellyfish (Aurelia aurita), are overpopulating the Baltic
and North Seas. Last summer we began
investigating the culinary potential
of this neglected but quite delicious
species. This post outlines some existing
cultural practices of using jellyfish as
food in the world, and some of our attempts at giving it gastronomic context
in the Nordic region.
___________________________________
Jellyfish is defined as ‘A free-swimming
marine coelenterate with a jelly-like bellor saucer-shaped body that is typically
transparent and has stinging tentacles
around the edge’ (Oxford dictionary
online). Jellyfish live in all the world’s
oceans, from the surface to the depths
(Wikipedia). Their size varies from a few
millimeters to 2-3 metres in diameter.
All jellyfish are carnivores, and different
species feed on different foods such as
zooplankton, fish eggs, fish larvae, small
fish, and even other members of the
same species – all of which, if excessive,
can lead to the endangerment other
species of marine animals (Darumas,
2013).
Jellyfish populations are blooming
recently in many ocean environments

where they haven’t been before. This
phenomenon is resulting from the complex interactions of oxygen depletion,
increase of plankton by eutrophication,
extinction of jellyfish predators and feed
competitors from over-fishing, temperature changes, water contamination,
and other factors (Mills, 2001). Especially
in the North and Baltic Seas, unusually
high and increasing numbers of jellyfish
have been reported. Some species are
becoming invasive in the Baltic Sea, for
example Aurelia aurita (moon jellyfish)
and Mnemiopsis leidyi (comb jellyfish/
sea walnut) and are causing diverse upsets in the existing ocean ecology (Kube
et al. (2007), Møller & Riisgård (2007)).

Nakano, 2001).

In some Asian countries, particularly China, Japan, Korea and Thailand,
jellyfish is eaten as a food for special
occasions (Hsieh et al., 2001). Usually it
is a cold dish, often a sort of salad with
different vegetables, mustard sauce,
soy sauce and sesame oil. In China
especially, jellyfish has been regarded as
an effective medicinal food for curing
arthritis, bronchitis and lowering blood
pressure (Hsieh & Rudloe, 1994). The
traditional way to preserve the jellyfish
is curing them with salt (NaCl) and alum
(KAI(SO4)2) to lower their water content
and pH, and giving a desirable crunchy
texture (Hsieh et al., 2001). The edible
jellyfish species of Asia are usually in
the order Rhizostomae, however there
are also other species which could be
used as food shown in Table 1 (Omori &

We know of no tradition of eating
jellyfish in Denmark, nor in Europe in
particular. If some new jellyfish species
are becoming invasive and it results in
different environmental and economic
problems, then why don’t we eat them?
Bringing jellyfish into our cuisine can
be one way to help our local ecologies
balance and to use natural resources in
a more diverse way. But first, we have to
figure out what species of jellyfish are in
the Nordic seas, if they are edible, how
they can be preserved, and how we can
find their delicious side.

Table 1. Identified species of edible jellyfish
in the world. Modified from Omori &
Nakano, 2001.

During my holiday last summer, I found
a bloom of jellyfish in Roskilde fjord just
west of Copenhagen. Literally, ‘BLOOM’.
It covered the whole surface of the sea
near the harbour so I couldn’t even see
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Jellyfish bloom in Roskilde

Moon jellyfish caught in Roskilde

The author on the jellyfish hunt

Captured prey
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the bottom. These jellyfish were quite
small, approximately 5-15 centimetres in
diameter, with a transparent body and
four distinct pinkish rings. Later, with
help from Dr. Peter Gravlund who works
in Danish National Aquarium, I figured
out these jellyfish to be ‘Moon jellyfish’
(Aurelia aurita) which is increasing in
many fjord areas around Denmark. This
type does not sting people and is not
toxic – so we could touch it, but were
not certain if we could eat it.
So, in the middle of last summer in
Roskilde, we caught a bunch of Moon
jellyfish. I divided them into two groups:
in the first I separated the tentacles
from umbrella part, and in the second
I left them whole just to see how they
might differ. To preserve them, I divided
them in subgroups with different brines:
NaCl in 3%, 10%, and 15%, the same three
brines with 0.5-1% of calcium sulfate
added (expecting different texture), and
one in sea water as a control group.
Within 4 hours, the jellyfish had already
started to dissolve in the brine and within 3 days they had all completely dissolved and disappeared. The water was
extremely slippery like a huge bunch of
mucus and smelled horrible like a rotten
animal or seafood. The 3% brine and sea
water ones in particular were terribly
stinky even from their sealed boxes.
On the same day near our boat, we
caught another jellyfish which was
quite big and had a yellowish rigid body.
Again, with the kind help of Dr. Gravlund, we figured out that this species
was likely a ‘lion’s mane jelly fish’ (Cyanea capillata). I separated the tentacle
and umbrella part and preserved them
separately in 10% brine. After 3 days in
the brine, the umbrella part looked fine,
had shrunk a bit and smelled like fresh
ocean. The tentacle part had almost
dissolved in the water which turned
the brine brown. Though the umbrella
part seemed fine, we decided not to eat
it because this species stings people
which can cause rash or itchiness. I personally had a rash after catching it, and

had some itchiness for a few days after.
After this unsuccessful preserving
experiment, however, we caught quite
a large moon jellyfish with a nice rigid
body just off the houseboat. We decided
to experiment with the fresh jellyfish
in the kitchen, not try to cure it because
we wanted to keep the fresh oceanic
flavour. Since another of my concurrent
projects was on Kimchi, we used this
Kimchi for making some dishes with
the jellyfish. Through some preliminary
trials of cooking the jellyfish, we realized
that it was not possible to deep-fry
or pan-fry the jellyfish due to its high
water content. We also knew that moon
jellyfish doesn’t sting the people and
is not toxic. We ended up eating it raw
and making four simple dishes with different applications of Nordic Kimchi.

Recipes with moon jellyfish
1 . Jellyfish with Kimchi turnip and
nasturtium stem
· 50g fresh jellyfish
· 1 turnip
· Nordic Kimchi juice
· 2-3 nasturtium stems

Slice the turnip very thinly, full-seal in a
vacuum bag with some Nordic Kimchi
juice to impregnate flavour and make
transparent. Wrap a slice of fresh jellyfish (~5cm) and a nasturtium stem with
the thinly-sliced turnip.

2. Jellyfish with romaine Kimchi and
turnip Kimchi
· 50g fresh jellyfish
· 1-2 pieces of romaine Kimchi
· 20g turnip Kimchi

Finely cut turnip-sandleek-Kimchi in a
small dice and full-vacuum in Kimchi
water to give the transparency. Put one
piece of romaine Kimchi and place the
diced turnip. Put the sliced fresh jellyfish
on top. Decorate with nasturtium leaves.

3. Jellyfish with mackerel garum
· 50g fresh jellyfish
· 5ml mackerel garum
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Cut the fresh jellyfish into small chunks.
Place in a spoon kept over ice, and pour
over the mackerel garum. Keep cold.

4. Jellyfish swimming in white Kimchi
sea
· 50g fresh jellyfish
· 200g cold ’Nordic’ Kimchi juice
· 1 small radish
· 1 turnip

Keep Nordic Kimchi water very cold.
Make very thin slices of small radish and
turnip, and full-vacuum them in a moon
jellyfish shape with a small amount of
Kimchi water to impregnate the flavour
and make them more transparent. Slice
a fresh jellyfish slightly larger than the
turnip slice. Pour the Kimchi water into
the bowl and let the jelly-radi-fish float
in the Kimchi sea.

Further Ideas
Fresh jellyfish does not last long. So
every time we need to catch the jellyfish
to have it fresh. Fresh jellyfish tastes
amazing – like eating the blue-green
oceanic gel – but it will be very useful if
we can develop a curing or preserving
method for the jellyfish in the Nordic
seas to keep them for longer periods.
Traditional ways of preserving jellyfish in
Asia do not seem applicable in the same
way to moon jellyfish because they are
quite small and their skin is too soft,
which dissolves in the brine very quickly.
Though none of us died after eating the
moon jellyfish on the boat, there is still a
great need for more scientific knowledge on the edibility and safety of the
edible jellyfish around Nordic region, for
example research on possible parasites
or any other doubts should be clarified.
Personally I have a strong interest in
using edible jellyfish in cultures that
have not yet eaten it. I do believe there
is great potential in using jellyfish in
cuisine as a new ingredient, which can
bring us a unique crunchy, slippery texture and a fresh oceanic flavour.
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Nixtamalisation: the secret of the tortilla
August 13, 2015

Researcher: Santiago Lastra
Start date: 20 April 2015
End date: 25 June 2015

Overview
My goal was to find a formula for Nordic
people to be able to use different local
grains and seeds for making tortillas,
opening another dimension of flavour
and texture using this alkaline cooking
process from Mexico.
The basic recipe for making nixtamalised corn involves cooking the kernels
in a 1% calcium hydroxide (Ca(OH)2)
solution at 80˚C for 1h, removing from
the heat and steeping for 16–18h in the
same solution, then rinsing and grinding/blending into the dough, or masa.
The cooking and steeping times will
vary according to the size and structure
of the chosen seed/grain/legume, but
the resulting flavour and texture will be
unmistakably tortilla-like.
___________________________________
It was said thousands of years ago that
the Indians of Mexico were made from
corn. Appropriately then, the corn tortilla has been and is my home country’s
staple food.
Traditional Mexican cuisine, as many
other cuisines of the world, is based on
survival, taking advantage of what is
available in the environment in ways
that make sense in the local geography
and culture. Among the animals that are
eaten in Mexico, for example, we tend
to use all of its parts, even those less
valued ones like heads, tongues, cheeks,
eyes, ears, testicles, lips, tails, intestines.
These ‘undervalued elements’, along
with others like some wild plants and insects, are the essence of what the world
knows as the taco.
The writer Jorge Ibargüengoitia is often
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attributed with imagining the creative
process of the possible inventor of the
taco:
”I want to invent something without
plate, spoon, napkins and tablecloth,
which is not necessary to wash and
which carries the assurance that whatever is put in the mouth has never gone
through another’s lips.”
The taco is a concept that, like the
sandwich, pizza, sushi, and kebap, has
become global. Yet, similar to these
other foods, the general concept becoming available everywhere has led
its particular forms to change. Many
tacos made around the world use corn
tortillas, but these tortillas are often
made from low-quality industrial flour,
frozen or dried or otherwise preserved
to ship long distances, with the result of
expensive, bad quality soulless Mexican
food. A few people are making the extra
effort to import good corn flour from
different parts of Mexico, but this is
difficult and not necessary realistic for
everyone to do.
The funny part is that while the corn is
the traditional ingredient for the tortilla,
the technique might be more important
to its identity. The ancient process of
nixtamalisation is not only how we can
make corn more nutritious and what
allows us to turn it into a dough for
tortillas, but also what gives them their
distinctive flavour.
Forcing something like a corn tortilla
taco, which evolved over a long period of
time in specific geographic and cultural
conditions, to work anywhere in the
world is a difficult thing, and maybe not
the way to make it taste its best. For
example, cacahuanzitle, the particular
type of corn used for tortillas, is common in Mexico but difficult to find other
places, which has also led to using other,
less suitable varieties for making tortil-

las storable and transportable as a global food. When it comes to flavour, we
might be better off searching for other,
locally appropriate ‘corns’ rather than
forcing corn tortillas to exist everywhere
but poorly. As we say in Mexico, “a fuerza
ni los zapatos entran” – “not even the
shoes enter by force”.
I chose to investigate the nixtamalisation process with the aim of finding a
formula for people in the Nordic region
– and other regions of the world – to
be able to use different local grains and
seeds for making their own fresh, tasty
tortillas, and maybe less ‘authentic’
but more delicious versions of the taco
concept.

Nixtamalisation
‘Nixtamalisation’ comes from the
Nahuatl words nixtli (ash) and tamalli
(dough). Harold McGee describes how
different societies used different alkaline
substances: “The Mayas and Aztecs used
ashes or lime; North American tribes,
ashes and naturally occurring sodium
carbonate deposits; and a contemporary
Mayan group burns mussel shells for
the same purpose.” (McGee, p.478)
One can imagine the process being
discovered accidentally in steps. Perhaps
weakly alkaline ash from a fire got into
the pot where the corn was cooking and
made it more digestible. The discovery of
stronger alkalis like quicklime (calcium
oxide, CaO) made from burning calcium
carbonate (CaCO3) in limestone or seashells, and then that of calcium hydroxide (Ca(OH)2) by ‘slaking’ or mixing CaO
with water, could have made the process
more effective and consistent, yielding
corn with the ability to be made into a
healthy and fast-cooking dough.
CaCO3 CaO + CO2
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CaO + H2O Ca(OH)2
Here is a standard method, based on
the traditional way: to nixtamalise corn,
cook the kernels in a 1% calcium hydroxide solution at 80˚C for 1h, then remove
from heat and steep for 16–18h in the
same solution (Lopez, E.P. et al.).
After steeping, wash the corn a few
times to remove excess calcium and the
dissolved pericarp. Now the corn is ready
to be ground by hand with a big stone
hand blender called metate, which
literally means ‘hand stone’. The water
content of the dough should be around
55% (ibid.), so sometimes a bit of water
is added during grinding. The resulting
dough is called masa.
Let’s talk about the reactions happening
during the process. In this case, it’s hard
to describe it better than McGee already
has:

“One of the major glue-like components
of plant cells walls, hemicellulose, is
especially soluble in alkaline conditions.
Nixtamalisation softens the hull and
partly detaches it from the rest of the
kernel so that it can be rubbed off and
washed away… and it releases much
of their bound niacin so that we can
absorb and benefit from it.” (p.478)

emulsifiers, and cell wall materials, and
the lime’s molecule-bridging calcium.
With further kneading, this combination
develops into a cohesive, plastic dough.”
(p.481) In addition to the degradation of
the pericarp, the partial gelatinisation
of the starches in the kernels during
cooking further facilitates the later
formation of the elastic dough.

“During the steeping [in the alkaline solution after cooking], the alkalinity softens the hull and cell walls throughout,
causes the storage proteins to bond to
each other, and breaks apart some of the
oil of the grains and emulsifiers (monoand di-glycerides). After steeping, the
soaking solution and softened hulls are
washed away, and the kernels, including
the germ, are then stone-ground to
produce the dough-like material called
masa. Stone-grinding cuts the kernels,
mashes them, and kneads the mass,
mixing together starch, protein, oils,

Other seeds
Based on this initial recipe (Lopez, E.P. et
al.), I started to experiment with other
types of seeds, grains and legumes,
using different cooking and soak times
according to the structural differences
between them. Several tests yielded the
following table of cooking time, soaking
time and useful applications.
After this experiment with different
types of seeds I realized compared to
the non-nixtamalised controls that the

Table 1. Variations in cooking time and soaking time for nixtamalisation of different seeds, and possible applications.

calcium bath definitely helps to form a
cohesive mass and give a certain tortilla
flavour.

That distinctive tortilla smell
The characteristic aroma comes largely
from the “alkaline processing [that]
gives rise to [a] set of distinctive aroma
molecules, including one that is a
breakdown product of the amino acid
tryptophan, and a close chemical and

aromatic relative of a characteristic note
in concord grapes and wood strawberries (aminoacetophenone, related to the
fruits’ methyl anthranilate).” (McGee,
p.479) This process can also yield “violetlike and spicy notes (from ionone and
vinylguaiacol).” (ibid.)
Because the characteristic flavour and
texture of corn tortillas are largely due
to the nixtamalisation process, it is
therefore possible to make high-quality

tortillas rom grains of the Nordic region,
or anywhere in the world.
We decided to put this hypothesis into
practice, using the taco as a concept
to connect the flavours and values of
traditional taco culture on the streets in
Mexico’s cities and towns with the raw
materials and products of the Nordic
region. On the surface it might look and
taste different from what I’m used to in
Mexico, but the sensation is the same.
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Wherever in the world it might be, a
good taco is a good taco.

Pork cheek taco with nixtamalized
Øland wheat tortilla and koji-chovy
(10 portions)

Tacos de cachete con Øland nixtamalizado y anchoas fermentadas

Nixtamalised Øland wheat tortilla

Øland wheat is one of our favourite
grains at the lab, and it was one of the
most successful with the nixtamalisation process. It gives an aroma particularly similar to corn masa dough, with
hints of nuts and caramelized roasted
grain, a slightly chewy texture, a fine
reddish brown colour with hints of yellow, and a surface resistant enough for
any type of filling.
· 100g whole Øland wheat grains
· 500g water
· 5g calcium hydroxide (we got ours
here)
· 5g salt
Mix the water with the calcium, add the
wheat and cook in a pot for 45 minutes
at medium heat. Remove from the stove
and leave in the solution for 6 hours.
Wash a few times until they are clean of
calcium, strain and grind in a molcajete, the Mexican mortar and pestle of
volcanic rock (or, if without, then blend
in a food processor), until obtaining a
smooth dough. Put the masa in a bowl
and mix with salt. Weigh out balls of
10g and press between two sheets of
parchment paper sprayed with oil. Cook
the tortilla in a hot pan for 45 seconds
on each side, and a final 45 seconds on
the first side, until the tortilla is nice and
cooked but not dry or brittle. Reserve in
a damp towel.

Sauerkraut

Anaerobically lacto-fermented white
cabbage. The acidity functions similarly
to that of fresh lettuce dressed with
lemon juice, but with added aromatic
complexity and the cabbage’s mustard
spiciness mellowed by the fermentation.
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Masa trials

Tortilla trials

· 500g winter cabbage
· 5g seaweed powder
· 2%(w/w) salt
Slice the cabbage finely with a knife or
mandolin. Mix the ingredients together

and vacuum seal. Leave fermenting at
room temperature for 3 weeks. Deflate
and reseal the bag during the process if
necessary, store in the fridge.

Koji-chovy cream
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This element contributes the creamy,
fatty, cheesy notes which are crucial to
many tacos, as well as an underlying
umami which helps to support the
other flavours and round out the mouthfeel. In the process of working with our
batch of koji-chovies begun in June 2014,
we also realised that the aged orangecoloured fat provides a satisfying spicy
accent, analogous to the chili in a traditional taco.
· 160g cream
· 3g koji-chovy passed through a sieve
· 1g grasshopper garum
· 2 green juniper berries, finely choped
Reduce cream by half over low heat.
Cool down cream, mix the ingredients
and pour in a piping bag.

Pork cheek

On the streets is where we have always
eaten tacos. It is a street food that has
emerged with the need to do business
and nourish people with parts of the
animals that normally the rich people
didn’t buy: offal, heads etc. The pork
cheeks have a firm texture that falls
apart in the mouth and a rich animal
flavour that, when seared in the pan,
unleashes all the wealth that anyone
could want in the best of meats.
· 100g pork cheeks
· 10g olive oil
· 1 bay leaf
· 2 black peppercorns
· 3g salt
Vacuum-seal the cheeks with the other
ingredients. Cook for 12 hours at 72˚C.
Sear in a very hot pan on both sides and
slice before plating.

Herbs

Herbs give freshness that balances the
fatty and rich elements of the taco. In
Mexico we normally use coriander and
quelites, though as long as they are
fresh and seasonal and clean the palate
there are no rules for the specific flavour.
In our tacos we have used wild pea
shoots, bronze fennel, ramson flowers,

cow parsley, and others, depending on
what’s growing.

Cucumber vinegar

This quick spray of vinegar just before
serving the dish reminds me of the fresh
lemon aroma that you get in every taqueria with the lemon beside the plate.
In this case it’s not for giving sourness,
which is coming from the cabbage –
instead it’s for giving an incredible refreshing impression to the eater. We made
the vinegar using the active aeration
method.

Plating

Heat the tortillas in a hot pan on both
sides until they are soft again.
Sear the cheeks very fast with oil in a
hot pan to give them a quick browning.
Plate the taco with a few dots of cream,
some slices of cheek, a bit of sauerkraut
and finish with the herbs and a spray of
cucumber vinegar.

Sharing the taco
In June we had a couple opportunities
to serve our taco to the wider public.
One 12 June we were giving a presentation at Folkemødet, a festival for Danish
political life, on the island of Bornholm,
through our participation with other
universities and civic organisations
in the Smag for Livet project which
focusses on taste education for kids
and youth. We used the taco as a focal
point to discuss different areas of the
lab’s work, like the pursuit of umami,
fermentation, foraging and wild plants,
the exchange of cultures, and other
techniques that give flavour like nixtamalization. I was glad to see that the
participants liked it a lot, and the event
described it on their website as a bite of
heaven (Himmelsk!).
The following week, I joined Roberto at
the University of Gastronomic Sciences
in Pollenzo, Italy, where he was cooking
for the students and faculty as part
of their Tavole Accademiche program.
On one of the days we presented the
Øland taco but this time, we used

tongue instead of cheek, representing
the exchange of cultures between
me and Roberto – a tongue-in-cheek
multi-lingual play on the fact that the
words for ‘language’ and ‘tongue’ are
the same in both Spanish (lengua) and
Italian (lingua) – along with herbs and
flowers gathered from around Pollenzo.
The cooks told me they were excited to
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try a real taco, which they hadn’t before,
and the students told me that though
they knew the concept, they had never
appreciated it like that. I was happy to
describe my project and how it developed in the lab, and afterwards when
some students came to ask me the
recipe, I was convinced that they would
try to do it.

Conclusion
There is still much to explore about the
nixtamalisation. But we can now say
that using it to treat other grains not
only allows us to create different types
of masa and a certain particular tortilla
taste, but also gives us the opportunity
to exchange cultures, share techniques,
and use the products we have in our
environment to explore this old concept
in new ways. Now that you know the secret of the tortilla, I invite you to try local
grains and the products that you like to
make delicious tacos, tostadas or even
other preparations that you imagine will
be delicious.
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available hydrocolloids are derived from
algae species.
In the summer of 2013 I wondered if we
could take our seaweed research further
and develop our own agar at the lab.
Agar is found naturally in species of Gracilariaceae – a family some species of
which grow in some of Denmark’s fjords.
We obtained some of ours, Gracilaria
vermiculosa, from Holckenhavn Fjord on
the Danish island of Fyn, and also made
trials with dry one from a local hydrocolloid company CP Kelco and a fresh salted
one from Roland Rittman, a local forager
based in southern Sweden.

1. Simple extraction by heat (Neutral
Agar/NA)
a) Rinse the algae in clear water a few
times until the water stays fresh (clear
and unsalty).
b) Cook in a pressure cooker at 15kPa
(~120°C) for 2 hours.
c) Pass through a sieve and press so the
algae are puréed through it.
d) Let it gel.
e) Freeze.
f) Thaw.
g) Decant and discard the clear water.
h) Dehydrate in fine layers. Conserve in a
dry environment.

Techniques

2. Extraction using heat, NaOH (lye
water) and sun bleaching (Lye water

DIY Agar
September 2, 2015
Project: Agar extraction from Gracilariaceae spp.
Start date: Summer 2013
Researcher: Justine de Valicourt
Goal: To extract agar from Gracilariaceae
spp. and compare the results of two
techniques by clarity, yield, strength and
ease of method.
Working with algae was one of the lab’s
first projects, and it gave a lot of results:
from developing further applications
for Nordic species of kelp and dulse to
a scientific paper published in Flavour
Journal on seaweeds for umami taste.
In addition to aroma and umami, some
species also exhibit interesting textural
properties – indeed many commercially

SIDE 292 | NORDIC FOOD LAB |

BLOG POSTS

Agar/LA).
a) Rinse the algae in clear water a few
times until the water stays fresh (clear
and unsalty).
b) Cook in a 5% solution of NaOH, with
~500mL of solution per 50g rehydrated
or fresh algae, for 2 hours at 85°C.
c) Rinse and put in fresh water under
the sun for 5 hours or more.
d) Rinse and conserve in cold water
overnight.
e) Cook in a pressure cooker at 15kPa
(~120°C) for 2 hours.
f) Pass through a sieve and press so the
algae are puréed through it.
g) Let it gel.
h) Freeze.
i) Thaw.
j) Decant and discard the clear water.
k) Dehydrate in fine layers. Conserve in a
dry environment.
3. Extraction using heat and sun bleaching (Sun Agar/SA).
a) Rinse the algae in clear water a few
times until the water stays fresh (clear
and unsalty).
b) Keep in the sun for 5 hours or more.
c) Rinse and conserve in cold water
overnight.
d) Cook in a pressure cooker at 15kPa
(~120°C) for 2 hours.
e) Pass through a sieve and press so the
algae are puréed through it.
f) Let it gel.
g) Freeze.
h) Thaw.
i) Decant and discard the clear water.
j) Dehydrate in fine layers. Conserve in a

dry environment.

Observations
The NA technique was mostly done
with the salted fresh algae and the dry
one, and the SA was tried only with the
self-picked Gracilaria from Fyn. The LA
technique was used with all the sources
of seaweed as a base for comparison
and because the LA result from the first
experiment was the most prime – it
looked and smelled the best. We tried to
make a 0.7% gel from the dehydrated LA
and the result was slightly less strong
than the one from a commercially
extracted agar powder. The NA worked
too, with a gel almost as strong as the
LA one; however, it was greenish with
some seaweed taste, and a disturbing
wet dog smell.
Next steps will be to try the technique
on a bigger scale, and to see if we can
improve the clarity and neutrality of the
result obtained from the self-harvested
algae.

quite easy to produce one’s own agar at
home with very little equipment.

This technique has been adapted
from:
Li, H. and J. Huang, Journal of Applied
Phycology, Optimization and Scale-Up of
a New Photobleaching Agar Extraction
Process from Gracilariacea Lemaneiformis. April 2009, Vol.21 (2) p 247-254.

Fresh Gracilaria soaking to remove salt

Conclusion
I recommend the technique using lye
water and sun bleach, both for the neutrality of taste and colour. The source of
the Gracilaria has a big influence on the
final result, and we want to work more
on achieving a neutral taste and colour
with the self-harvested seaweed. Our
techniques for cleaning and bleaching
it can be improved. Ultimately I was satisfied to discover that it is possible and

Gracilaria in the process of sun-bleaching

Results
Early prototype of dried extracted agar, in sheet form

Table 1. appearance, smell and yield of six different trials using the three tested
techniques

LA technique vs. NA technique
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Bee Bread
September 4, 2015

By Josh Evans

avocado.

Honeybees (Apis mellifera) have mastered feats of chemical engineering
as various as they are alchemical. Their
most well-known substances are of
course honey, their concentrated, stable,
hive-warming energy source, and wax,
their pliable, moisture-proof structural
material. Yet there are others which
nowadays are known primarily only to
beekeepers and practitioners of traditional medicines. Propolis (or ‘bee glue’) is
used as a structural sealant and potent
antimicrobial agent within the hive and
carries a beautiful resinous aroma. Royal
jelly is what all brood—the immature
larvae and pupae—are first fed before
being weaned onto honey (unlike the
future queen, who becomes differentiated by being fed only royal jelly) and it
has remarkable moisturising, emulsifying and stabilising properties. Even the
brood are used as food in many cultures
around the world and have a delicate
savouriness with hints of raw nuts or

Each substance is fascinating in its own
right, though pollen is particularly notable for the transformation it undergoes
between its collection and storage.
While bees use honey as their primary
energy source, pollen is whence they
derive the rest of their nourishment:
proteins, vitamins, and other vital nutrients. At first glance, bee pollen seems
like quite a straightforward product—in
the course of pollinating thousands
of flowers every day, worker bees are
repeatedly showered with grains of
pollen, some of which accumulate into
granules on the hairs of their hind legs.
This is the pollen most commonly available on the market, largely because it
is relatively easy to gather with a small
device attached to the hive door that
knocks the pollen off the returning bees’
legs as they enter.

SIDE 294 | NORDIC FOOD LAB |

But the bees do not consume their pollen fresh. Instead, they take it into the

hive and pack the granules into empty
comb cells, mixing them with nectar
and digestive fluids and sealing the cell
with a drop of honey. Once processed
in this way, the pollen remains stable
indefinitely. Beekeepers call this form of
pollen ‘perga’ or ‘bee bread’.
Fresh pollen is high in moisture and
protein and, especially when brought
into the hive—which stays around an
internal temperature of 37˚C—becomes
an ideal environment for mould growth.
The bees’ digestive fluids, however,
are rich with lactic acid bacteria (LAB)
(Vásquez and Olofsson 2009), which
come to dominate the pollen substrate
when it is packed together and sealed
from the air with honey. The bacteria metabolise sugars in the pollen,
producing lactic acid and lowering the
pH from 4.8 to around 4.1 (Mattila et al.
2012)—well below the generally recognised threshold for pathogenic microbial
growth of 4.6.
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Photo credit: Josh Pollen [Yes, reallly, awesome coincidence]]

Bee bread in the comb

Throwing bee bread butter

A taster of peas ’n’ bees

’The Whole Hive’
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These LAB come predominantly from
the bees themselves, rather than, for
example, the plants from which they
forage (Gilliam 1979a; Gilliam 1979b),
and the difference in microbial ecology
of fresh pollen vs. stored is great (Gilliam et al. 1989). Furthermore, many of
the genera which come to dominate
fermented pollen are also some of
those most common in fermented food
products made by humans: Oenococcus, Paralactobacillus, and particularly
Bifidobacterium, a known probiotic
genus whose activity in bee hives has
also been correlated with lower counts
of pathogenic microbes (Mattila et al.
2012). Beneficial yeasts and fungi have
also been documented in bee bread
(Gilliam 1979b; Gilliam et al. 1989). Many
of these beneficial fungi are susceptible
to fungicides in the environment (Yoder
et al. 2013), often applied to plant crops.
Greater microbial diversity of beneficial
microbes in bee colonies has also been
correlated with greater genetic diversity
of the bees themselves, and this symbiosis between bees and their microbes,
like in humans, is becoming increasingly
studied as a likely fundamental part of
overall hive health (Mattila et al. 2012).
In addition to preservation (Anderson et
al. 2014), the fermentation process of the
pollen also renders its nutrients more
available (Mattila et al. 2012). Some proteins are broken down into amino acids,
starches are metabolised into simple
sugars, and vitamins become more bioavailable (Degrandi-Hoffman, Eckholm,
and Huang 2013; Herbert and Shimanuki
1978). In this sense, bee bread is even
more health-giving than the more commonly available fresh bee pollen.
Yet the sensory transformation of the
bee pollen into bee bread might be
most remarkable. The floral and herbal
notes of individual granules become
enhanced; the powdery, sandy texture becomes firmer and moister; the
acidity from the lactic acid brightens the
flavour and tempers possible bitterness;
and the fermentation also produces
secondary aromas that generate new
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flavours of fruit—some, for example,
gain the distinct taste of mango. The
particularities of the fresh pollen,
depending on the season and its plant
sources, become enhanced, and new
qualities that were not present before
are revealed.
We have used the bee bread in different
recipes: ‘Peas ‘n’ Bees’, a soup of fresh
pea juice with bee larvae, some fried
until crisp and some blanched with
lovage, garnished with fresh lovage and
bee bread; or ‘The Whole Hive’, a dessert
of beeswax ice cream, sauce of honey
kombucha and bee bread, crystallised
honey crisp, propolis tincture and apple
blossoms. The potent bacterial activity of the bee bread also makes it a
fantastic inoculum for a robust start to
lactic fermentation of cream into crème
fraîche or for butter.
Our interaction with Apis mellifera
is one of the oldest coevolutionary
relationships between insects and humans—and yet there is still so much we
don’t know about the bees. For example,
despite the current explosion of interest
among scientists to study the complex
microbiota of bees, we still do not know
exactly which species of microbes are
driving this transformation of pollen
into bee bread, or exactly how.
Though as fascinating, delicious and versatile as the bee bread is, my favourite
part about it might be the realisation
that we humans are not the only ones
who ferment our food. In fact, we might
not even have been the first to stumble
upon and learn to collaborate with the
vast world of beneficial microbes that
transmute some of our most valued
gastronomic products: Apis mellifera
might have gotten there long before.
Bee bread is typically available to harvest throughout the summer months.
Ask a local beekeeper for more information. If you’re lucky, they might be willing
to share some of this potent, delicious
treat.
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Sik-hae
September 16, 2015

Researcher: Youngbin Kim
Start date: 03.04.2014
End date: 28.08.2014

Overview
Sik-hae is a Korean traditional fermented fish product with flounder,
cooked grain, red chili powder, garlic, and
sometimes with vegetables and malt
extract. I experimented with developing
a similar technique for flounder here in
Denmark. I used a mixture of cracked
barley and cracked rye for the cooked
grains, horseradish and garlic for spicing,
and 10% salt of the whole weight of fish
for initial salting treatment. The final
result is versatile, for example providing
a different topping for the classic Danish
smørrebrød.
___________________________________
Sik-hae is a Korean traditional fermented fish product with cooked grain,
red chili powder, garlic, and sometimes
with vegetables and malt extract. This
type of seafood fermentation originates
from South East Asia (Thailand, Laos,
Myanmar) where fish is abundant and
the staple is rice (Lee, 1983). Fermenting

seafood provides a way to preserve
it and gain stable access to a protein
source, and this fermenting technique
for proteinous substrates needs less
salt than some others which helped to
save expensive salt in these regions (The
Academy of Korean Studies). In addition,
it fits well with plain rice as a salty side
dish.
It is believed that fish fermentation with
cooked grains was introduced through
China to Korea, where it came to be
made with red chili powder, possibly to
have similar properties as Kimchi (Lee,
1983). The Korean province of HamKyung on the north-east coast of the
Korean peninsula is the most famous
area for Sik-hae, where it is typically
made with small flounder and cooked
millet (Suh, 1987). Due to the local
climate conditions, fish was available all
year though it was a challenge to maintain a constant supply of salt. Therefore
cooked millet was used to reduce the
amount of salt needed to preserve the
fish (Suh, 1987). Millet is the most typical
grain with which to make Sik-hae in
Korea, however rice or a mixture of rice
and millet is also used in southern areas

(Suh, 1987). Flat fish are the most common types of fish used to make Sik-hae,
though other types of fish such as cod,
pollack and hairtail can be also used,
and even octopus and squid are used in
some parts of Korea (Suh, 1987).
Lactic acid bacteria (LAB) and the
enzymes on and in the fish begin the
fermentation process (Lee & Cho, 2004).

Traditional Sik-hae in Korea, online source:
https://terms.naver.com/entry.nhn?docId=
564677&cid=46672&categoryId=46672
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Danish flounder

Early salt optimisation trials

Cooked grain is a source of carbohydrates for LAB and as the fermentation
develops lactic acid increases which
lowers pH and prevents spoilage (Katz,
2012). Malt extract is also added in some
areas in Korea and plays a role in saccharifying the cooked grains so that the
LAB gain more access to these nutrients
and the fermentation progresses more
quickly. Fermentation temperature
differs by region, but occurs mostly
around 15-20°C (Lee & Cho, 2004). In
general, the fermentation takes around
5-7 days, at which point it can be stored
in the fridge to keep from becoming too
strong.
To explore new tastes from fish fermentation beyond just pickling in vinegar,
and since flounder is an abundant
flatfish in Denmark, I began to ferment
these flounders with this Korean fish
fermentation technique. However, it
was quite tricky to find the proper salt
level, the time for salting the fish in the
first treatment, the proportion of fish,
grains, other ingredients, and the ideal
substitutes for millet, chili powder and
ginger. The recipes I could find in Korean
references were very different from each
other, so it was hard to compromise.
Therefore, to figure out these essential
questions, I tried several experiments
mainly differing in salt amount, type
of grains, and the addition of spicing.
The proportion of all ingredients was
adjusted in each prototype but it didn’t
change a lot from the first trial.
For the final recipe, I used a mixture of
cracked barley and cracked rye for the
cooked grains, horseradish and garlic
for spicing, and 10% salt of the whole
weight of fish for initial salting treatment.

Trials with barley, rye and barley and rye

’Nordic’ Sik-hae
1. Remove the head and organs of the
flounders, and salt them whole for
about 24 hours with 10% salt of the fish
weight.
2. Wash off the salt from the fish and
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cut into pieces (4-5 pieces per each
flounder), then dry for 3-4 hours in direct
sunlight.
3. Boil cracked barley and cracked rye
separately in water until they get like
firm boiled rice.
4. Prepare all the ingredients:
· 600g fish, after being salted and sundried
· 100g cooked cracked barley
· 100g cooked cracked rye
· 100g ground vegetables (20g of each of
garlic, ginger, onion, apple, pear. Grind
with thermo-mix until it becomes a
puree)
· 70g horseradish
· 10g malt extract
· 10g barley malt
· 10g caraway
5. Mix all the ingredients with the fish
and seal in the vacuum bag. Store for
more than 7 days in cool temperature
(about 8-12°C) without direct sunlight,
then move to the fridge (4-6°C)
Caraway can be substituted by other
spices depends on one’s preference.
Among several trials, mustard seeds
and white pepper were also good and
harmonized well with the horseradish
flavour.
The overall taste of the fermented fish
is sour, kind of sweet, and refreshing
from the horseradish and caraway. It is
very savory so that it fits as a snack or
meal with rice or bread. The texture gets
softer as time goes on. Fermenting for
3-4 weeks gave the most interesting and
enjoyable taste and texture. In Korea,
we eat it raw as a cold side dish, but the
Nordic version tasted too raw to eat as
it was. We cooked the pieces of fish in a
pan with a small amount of vegetable
oil. It was very good, crispy outside and
soft and moist inside with harmonized
horseradish and caraway flavour.
Once we had a Danish visitor on the
boat – she tasted this Nordic Sik-hae
and said she could imagine eating it
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with a slice of rye bread like pickled herring. So, I tried several times to make a
dish inspired by ‘smørrebrød’, the Danish
traditional open-faced sandwiches. One
day for lunch we used the pan-fried sikhae flounder to top some smørrebrød,
along with kimchi made with turnip and
sand leek, fresh puffball mushrooms
brushed with mackerel garum, a few
sand leek seeds, crème fraîche and dill.
There was a balance between the sour
and fermented fish flavour, the crisp fish
skin, freshness from kimchi, fresh savouriness from the mushroom and round
creamy flavours from the crème fraîche.

Flounder sun-drying for a while after being salted overnight

I can also imagine eating little bit of
cooked Nordic Sik-hae on top of Kimbap
which could taste similar to sushi. But
for this there should be further investigations for balancing the flavours.
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Stems, seeds, roots, leaves
September 24, 2015

Researcher: Jason Ball
Start date: July 2014
End date: December 2014

Overview
We experimented with different parts
of Chenopodium album, also known as
goosefoot, lamb’s quarters, or fat hen.
Some kombucha and beer trials were
particularly successful. Recipes below.
___________________________________
On a visit to a farm on the outskirts of
Copenhagen last summer, I had what
some may refer to as a ‘moment of
clarity’.
The name of the farm is Pometet. The
name comes from ‘Pometum’, a collection of varieties of fruit trees and
bushes, which itself derives from the
Latin word ‘pomum’, meaning ‘fruit on
trees’. As an extension of the Department of Plant and Environmental
Sciences at Copenhagen University, the
farm also serves as part of the Nordic
Gene Bank, which (among other things)
aims to preserve Danish heirloom varieties of fruit. The work that is being done
on this farm is extremely important for
the cultural preservation of heirloom varieties of fruit in Denmark, as well as the
continuation of Scandinavian heritage
and tradition.
It is also worth mentioning that the
fruit on this farm is absolutely brilliant.
We went to harvest some currants
for a project we were working on. As
I was walking down, through rows of
scrumptious apples, plums, and berries,
I couldn’t help but notice a few piles of
pulled weeds off to the side. Of course
I was primarily concerned with eating
handfuls of plums – and stuffing all
the fruit I could into the pockets of my
jeans – but my mind wondered: “What
are these weeds?” I thought it was
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so interesting that these plants were
growing quite close to one another, but
their fates couldn’t be more different.
The currants were coming back to the
lab, and the comfort of a cozy botrytis chamber (to be made into beer).
The ‘weeds’, on the other hand, were
headed for the compost bin on the farm
(similarly cozy I’m sure, but probably less
fun than being inoculated with a fungus). The weeds may not have been as
aesthetically pleasing as the other fruits,
but I thought they deserved better. So, I
brought them back to the lab.
The ‘weeds’ are Chenopodium album.
C. album (family: Chenopodiaceae) is an
annual shrub that grows wild in Asia,
Africa, Europe and North America. It
is commonly known as goosefoot, fat
hen, lambs’ quarters or pigweed, among
others. The plant is used in folk medicine
in different parts of the world as a diuretic, laxative, sedative, hepato-protective
and antiparasitic. The leaves possess
anthelmentic, antiphlogistic, antirheumatic, mildly laxative and odontalgic
properties, applied as a wash or poultice
to bug bites, sunstroke, rheumatic joints
and swollen feets (Kokanova-Nedialkova
et al., 2009). Seeds of fat hen and other
Chenopodium species are similar to, but
smaller than those of their cultivated
South American cousin quinoa. Fat hen
seeds were eaten in Europe until at least
the time of the Vikings, but wild species
of this family are more usually gathered these days for their edible leaves
(Irving, 2009). Also, according to Irving
(2009), leaves, whole young plants, or
tender tops of older plants are good in
salads or cooked, in place of spinach or
other greens. More recently, Irving has
argued for further investigation into the
nutritional and culinary potential of this
widespread plant (Münke et al. 2015).
While it’s great to eat locally foraged
food, it is also important (especially
when working with wild plants) to
consider food safety. With the case of C.
album, the leaves, stems and roots are
generally edible, but there are also some
important considerations. Many of the

species in this genus contain saponins,
though usually in quantities too small
to do any harm. Although toxic, saponins are poorly absorbed by the body
and most pass straight through without
any problem. They are also broken down
to a large extent in the cooking process
(Fern, 2014). C. album can also contain
oxalic acid, a common component of
plants in the spinach family. In humans,
ingested oxalic acid has an oral LDLo (lowest published lethal dose) of 600 mg/
kg (OA Material Safety Data Sheet, 2014).
Yadav and Sehgal (2003) report that
blanching and cooking resulted in significant improvement of iron availability
in both types of leaves. Blanching and
cooking also resulted in a significant
reduction in oxalic acid content, while
blanching alone significantly reduced
phytic acid and polyphenol contents.
In nitrogen-rich soils, the plants can also
concentrate hydrogen cyanide (Duke
and Ayensu, 1985). As mentioned in an
earlier post, cyanide is a strongly toxic
compound that is commonly found in
nature, as well as in plants that are considered ‘safe to eat’. Again, as is the case
with oxalic acid and certain other toxic
compounds, toxicity is largely a function
of dose, and consumption of these compounds in small quantities is often safe.
Furthermore, cyanide in particular has
a boiling point of 25.7°C, which means
that even a little heat would vapourise
the toxin and make the product safer
(de Valicourt, 2013a).
Farmers tend to pull this plant from
their fields and they are not remiss in
their actions. According to Roy et al.,
(2006), rainfall can create aqueous extracts of toxic compounds from certain
weeds, which may damage the germination and growth rate of crops. The direct
or indirect effect of one plant to nearby
plants through the release of chemical substances or toxic compounds is
known as allelopathy and is postulated
to be one mechanism by which weeds
interfere in crop growth and also the
germination of seeds (Ming, 1999; Jha
& Dhakal, 1990; Duke, 1986). One such

Fresh Chenopodium seeds

Roasted Chenopodium seeds

Chenopodium stems and roots
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plant is Clove root (Geum urbanum);
another is C. album. Roy et al., (2006)
for example, concluded that it is better
to suggest the farmer remove C. album
rapidly during germination of jute and
wheat seeds.
This information only gave us further
motivation to come up with a delicious
culinary use.
We initially planned to use this plant to
develop a coffee or tea analogue. For a
variety of preparations, I separated the
plant into four component parts: seeds,
leaves, stems, and roots.
Initially, I tried a few pre-treatments
on the seeds and leaves, such as:
lacto-fermenting, oxidizing, blanching,
dehydrating, and crushing. With each
sample, there was little variability in the
sensory properties of the final beverages
produced. An overwhelming majority of
samples tasted like weeds. Which helps
to describe the ‘vegetal’ and ‘grassy’
sensory properties, as far as a sensory
lexicon is concerned. However, from a
qualitative standpoint, it is not a positive attribute. We are keen to explore all
possibilities, but we also want things
to taste delicious. These were not quite
there.
But, we have ovens, so in times of need,
we can always seek assistance from the
Maillard reaction.
We roasted some seeds as a starting
point (200˚C, 20 minutes). The aroma
prior to the 20-minute mark was perceived as generally ‘underdeveloped’ – still
grassy, hay-like. Similar to a weed, albeit
slightly toasted. After 20 minutes, we
started to develop some aromatic compounds that are commonly associated
with the Maillard reaction: ‘chocolate’,
‘toast’, ‘hazelnut’, ‘smoked hay’, ‘toasted wood’, and ‘campfire’ aromas. The
aromas indicated that we were headed
in the right direction. At this point the
challenge became figuring out how to
translate these characteristics into a
finished product.
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Using commonly accepted tea ratios
(1:100 w/w), we brewed some simple
tea samples. The results, again, were
underwhelming. The beautiful aromas
weren’t translating to the finished beverage. The taste was just underdeveloped,
and noticeably bitter as well. Something
had to change.
Taking a small break from the seeds
and leaves, we started to work with the
stems. Following the same roasting
protocols, we roasted the stems and
received some similarly positive results.
The stems were smoky, toasty, nutty,
and coffee-like. We prepared a similar
tea beverage to earlier samples, but this
time we sweetened the mixture with
10% (by weight) of sugar, and added a
kombucha SCOBY (symbiotic culture
of bacteria and yeasts). For additional
information on SCOBY functionality
and kombucha in general, refer to our
previous blog post entitled ‘Kombucha:
a tasty symbiotic culture of bacteria and
yeast’ (Pederson, 2013).
The resulting kombucha beverage is
dependent on the sweetening substrate
and the initial ‘tea flavouring’, which
in this case are sucrose and C. album
respectively. The results of this particular
batch were interesting. Through a series
of chemical reactions (explained in the
aforementioned post), this beverage
developed great complexity. Initial
analytical results indicate that by day 11
of fermentation at ambient temperature (21 ± 2°C), the beverage had a pH of
3.4, with a brix of 9°. The sugar content
and pH are directly correlated, and will
change as more sugar is converted into
lactic and acetic acid. By day 18 the pH
had dropped to 2.8, and brix 8°. The
kombucha was pretty tasty. It displayed
sensory properties reminiscent of stone
fruit (plum, cherry) while still retaining
vegetal notes. We found it to be quite
pleasant.

Cheno kombucha
· Roasted Chenopodium album stem
30g

· Water
3000g
· Sugar
· Kombucha mother

303g
24.5g

1. Roast C. album stems (200˚C 15mins).
2. Cool down.
3. Grind in spice grinder.
4. Measure sugar and stems, place in a
large container.
5. Bring water to 100C.
6. Pour over stem/sugar mixture.
7. Steep (covered) for 5 minutes.
8. Cool to room temperature (24˚C).
9. Strain out the C. album. Discard.
10. Add the kombucha mother, cover
with muslin and secure. Ferment at
room temperature (20-25˚C) for 7-11
days.
Perhaps it’s my stubborn nature. Perhaps it’s my inherent desire to see the
good in things. Maybe it’s just sheer
curiosity. Whatever the case, I had to
find a use for these beautiful little seeds.
So I reoriented my focus to beer. If the
fruits and berries from Pometet could be
used for that purpose, then I might find
a similar solution using these seeds. The
bitterness that we were perceiving in
the original tea samples led me to think
that Chenopodium seeds and leaves
might make a nice substitute for hops.
Hops are the flowering buds of the plant
Humulus lupulus, generally used to add
flavour and bitterness to beer, although
we have experimented with other uses.
For more details, refer to our post titled
‘Hop into it’ (de Valicourt, 2013b). In
fact, prior to hop cultivation, a mixture
of other herbs called ‘gruit’ was used
to flavour and add bitterness to beer
(MacGovern et al. 2013). For all these
reasons it seemed like a good idea to try.
Chemical data on the health aspects of
C. album further compels its use. Liu et
al. (2002) reported the fatty acid content
in C. album to be relatively high, stating
(in a comparative analysis between nine
plants) that both total fatty acid and
Alpha-linolenic acid (LNA) contents were
higher in Amaranthus viridis, Atriplex
nummularia, Chenopodium album, Por-
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tulaca oleracea and Taraxacum officinale
than in the other species or varieties. Research on plant sources of omega-3 fatty
acids has great relevance, due to their
important role in maintaining cardiovascular health and in modulating human
metabolism and development (Simopoulos et al., 1995; Guil and Rodriguez,
1999; Grusak and DellaPenna, 1999).
Alpha-linolenic acid (LNA), found most
abundantly in plant tissues, is an essential omega 3 fatty acid (FA) because
it cannot be synthesized by humans and
has to be ingested from foods (Liu et al.,
2002). Furthermore, polyphenols and
glycosides present in ethanol extraction
of C. album are reported to have excellent antioxidant potential (Kumar et al.,
2008). Chenoalbuside, a glycoside found
in alcoholic extraction of C. album, has
also been reported to exhibit antioxidant potential (Sarker, 2005).

Chenopodium stem tea, ready for the
kombucha mother

This information, some random ideas,
and a good amount of leftover malt and
grains provided inspiration for our C.
album beer. The C. album was foraged
in Hellerup (an upscale neighbourhood
just north of Copenhagen), so, we have
decided to call this beer ‘Uptown Cheno’.

Uptown Cheno
Ingredients

· Malted barley
· Rye (soaked & dried)
· Water
· Extra light malt extract
· Light malt extract
· Medium malt powder
· Malt syrup
· Chenopodium album seeds
· Chenopodium album seeds

500g
67g
7570ml
167g
42g
500g
600g
60g
260g

· Water
11355g
· White Labs Flemish Ale Yeast 35ml
· Sucrose
· Water

Equipment List

Superbag / muslin

50g
450ml

Thermometer
Butchers twine
Large stockpot
Small saucepan
Spatula
20 gallon bucket w/ airlock
Fine mesh strainer
Hydrometer
Bottles (for bottling)
Caps
Cap sealer

Method

1. Thoroughly sanitize all equipment you
will use.
2. Place barley and rye in a super bag (or
muslin pouch).
3. Add first amount of water (7570g) to
stock pot, and add superbag of grains.
4. Turn on heat to high power.

5. Just before the water boils, remove the
grains and discard.
6. Add the malt syrup, malt extract,
malt powder, and the first amount of C.
album seeds (60g).
7. Boil mixture for 55 minutes.
8. Add the second amount of C. album
seeds (260g), and boil for 5 minutes
longer.
9. Strain mixture through a fine mesh
sieve.
10. Add the second amount of water
(11355g) and cool to 24C°.
11. At this point, pitch the yeast into
the mixture and stir (using a sanitized
spatula).
12. Take a gravity reading.
13. Add the lid and release valve, and
store in a dark place approx 20-24°C.
14. After activity slows down (less CO2
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being released), take a gravity reading.
When you get the same reading two
days in a row, it’s time to bottle the beer.
15. Strain the beer through a fine mesh
strainer.
16. Boil the sugar with the water, and
cool to room temperature (20°C). Add
the sugar mixture to the beer, stir, and
bottle in sanitized bottles.
For another batch, we added 415g
roasted (20mins, 200˚C) C. album seeds
after the primary fermentation (prior to
bottling), and let infuse for 14 days. That
beer we named ‘Charred Cheno’.
The beer is quite unusual. It’s dark,
sour, and very crisp. A few of us noted a
similarity in mouthfeel to champagne –
light, with a clean finish. A sour taste up
front rounds out to a slight maltiness in
the finish. It is interesting, and tasty. In
addition, it was made using a product
that was otherwise going into the compost pile, which I think is nice.
These discoveries have given us some insight into our curiosity about Chenopodium album. They have not provided us
with very many conclusions. In general,
after much work and experimentation,
we often find that each project opens
doors for new and exciting opportunities. This one is no different. At the very
least, a tangled mess of weeds became a
catalyst for changing the way we look at
our surroundings.
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Green sunflower seeds
September 29, 2015
Researcher: Alec Borsook
Start: July 2014
End: August 2014

Overview
Sunflower seeds, among some other
foods like burdock, contain chlorogenic
acid, which, under alkaline conditions,
transforms into a blue-green pigment.
We experimented with these green
sunflower seeds and their savoury, nutty,
almost shrimpy flavour.
___________________________________
In conducting our survey of alkaline
cooking methods, we noted that for
certain foods, cooking at elevated pH
can give rise to some dramatic changes
in colour, well beyond the spectrum of
browns associated with enhanced Maillard reactions.
Peanut butter cookies are an American
classic, but peanuts are also among the
most common food allergens in the
United States, affecting around 3 million
Americans—including two of my college

roommates. Instead of peanut butter
cookies, then, a tray of sunflower seed
cookies would occasionally materialize
in our kitchen. They would be just as
crisp and golden-brown, their interiors
chewy and moist, and yet, as often as
not, we would break into the first cookie
of a batch to find a core of Flubberesque fluorescent green. This unexpected colour change, it turns out, was
the result of an interaction between
baking soda (an alkali) and a chemical in
sunflower seeds known as chlorogenic
acid.
The role of alkalis in producing this
greening reaction can be explained by
some of the same chemical properties
that make them promoters of Maillard
reactions, according to one proposed mechanism (Yabuta et al., 2001).
Chlorogenic acid is an ester of quinic
acid and caffeic acid, which contains a
carbon ring with two adjacent hydroxyl
(–OH) groups. Under alkaline conditions,
protons are pulled away from these
hydroxyl groups to leave two negatively
charged oxygen atoms, making it easier

| NORDIC FOOD LAB | SIDE 305

BLOG POSTS

for the molecule to be oxidized at these
positions by air. The oxidized chlorogenic acid molecule can subsequently
react with a primary amine, such as an
amino acid, which allows the molecule
to combine with yet another oxidized
chlorogenic acid molecule. The product
of this condensation reaction is a larger
molecule, initially yellow in colour, which
is rapidly oxidized to form our suspect
green pigment.
Sunflower seeds were a natural choice
for our initial explorations of this reaction. Hulled sunflower seeds were gently
simmered in water alkalized with baking
soda. The seeds quickly turned a warm,
golden hue, and the mixture foamed
actively—a reaction between bicarbonate and the seeds’ endogenous acids,
perhaps, or the early stages of saponification. When the first traces of green
were observed around the edges of the
pot, the seeds were drained and left to
oxidize to an intense shade of green.
The pigment produced by this reaction
is not unlike the anthocyanins that give
foods like red cabbage their brilliant
colour, as described in our previous post
on alkali cooking methods in general.
Red cabbage juice can be used as a pH
indicator, the anthocyanins changing
from red to blue and eventually to green
and yellow with increasing pH. The
dark green liquid reserved from cooking
green sunflower seeds follows a similar
pattern, progressing through shades of
blue and red with the addition of strong
acid.

Alkaline cooking liquid from green sunflower seeds treated with varying stronger
concentrations of alkaline solution
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The just-cooked green sunflower seeds
are pleasantly savoury, the vegetal, grassy notes present in the raw seeds having
developed into something reminiscent
of hazelnuts yet on the whole unfamiliar. When processed until smooth, the
resulting green sunflower seed butter
is nutty and sweet with a lingering, unmistakably shrimp-like aftertaste. While
conducting this research, I encountered
a dish at noma, delicate parcels of raw
shrimp wrapped with steamed goosefoot leaves, which I thought remarkably
evoked the seeds’ enigmatic flavour. The
seeds’ unexpected shrimpy character
grew even more assertive when the
cooked seeds were roasted until crisp,
though they lost their peculiar green
hue in the process—high temperatures
seem to degrade the pigment.
Chlorogenic acid is not unique to sunflower seeds; a number of foods, including
coffee, peaches, and burdock root contain appreciable concentrations of the
chemical. We’ve succeeded in inducing
the greening reaction in burdock, which
we have foraged around Copenhagen.
Initial attempts at simmering burdock
in alkalized water gave a product with
only a modest green tint. Speculating
that the natural concentration of amino
acids in our burdock might be too low to
produce an intense reaction, we added
a pinch of dried shrimp to the pot and
simmered the root until tender. And as
the burdock cooled, success: it turned
green as hell.
The topic of chlorogenic acid is briefly
tackled in Harold McGee’s On Food and
Cooking, with reference to a reaction
the chemical undergoes to create the
“bluish-gray discoloration” sometimes
encountered in cooked potatoes—an
effect that can be avoided by cooking
potatoes with acid (McGee 303). The
greening reaction of chlorogenic acid
is not mentioned directly, but it’s easy
to imagine a passage explaining how
sunflower seed cookies, for example,
could be prevented from turning green
with just a bit of acid or by using a little
less baking soda. It’s true that we don’t

A version of the dish of raw shrimp and
steamed leaves at noma.

Burdock root, just after being simmered in
alkaline solution

The same burdock root, after oxidising

The cooking solution, with tiny shrimp for
added amino acids to enhance the chlorogenic pigment reaction
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want our sunflowers seeds to go green
every time we cook with them. Still, we
feel that processes such as this merit
consideration as useful techniques
rather than mere flaws—and not only
for the surprise garnered by a dramatic
colour change, but for the unexpected
flavours these processes can create.
Inspired, we decided to make a dish to
feature these green sunflower seeds.
Beneath the science of the greening
reaction, the process contains a certain
poetry: from sunflower seeds exposed
to alkalinity, as from the ash of a fire,
arises this shock of green, this ostentatious symbol of life. And the alkalis of
the sunflower seeds and the ash find
their counterpoint in the deeply acidic
vinegar lees. If our viili dish represented
a rebirth from the ice and chill of winter,
then this dessert is a kind of rebirth
from fire—a recollection that whatever
destruction is wrought against nature,
by wildfires and other means, its seeds
preserve the potential for renewed life.
Plus, it’s pretty tasty.

To prepare green sunflower seeds:
Make a solution containing 15 g sodium
bicarbonate per litre of water. To a
medium pot, add raw, hulled sunflower
seeds (250 g is plenty) and bicarbonate
solution to cover, and bring the seeds to
a simmer. The mixture will foam actively
and develop a yellow colour. Cook the
seeds until a green tint can be observed
around the edges of the pot. Drain the
seeds and return to the pot to cool. Their
colour will gradually change from yellow
to green.

Green sunflower seed ice cream
· 250 g green sunflower seeds
· 540 g water
· 60 g cream
· 100 g sugar
· 2 g salt
· 4 g iota carrageenan
· 1 g gypsum
Whisk together the water, sugar, salt,

iota, and gypsum in a saucepan, and
heat to 70ºC. Blend this mixture in a
Thermomix with the green sunflower
seeds and cream. Freeze in a Pacojet
canister, and spin before serving.

Charcoal honeycomb
· 150g sugar
· 65g glucose syrup
· 25g honey
· 25g water
· 0.5 g activated charcoal, finely ground,
plus more as necessary
· 8 g sodium bicarbonate
In a tall pot, heat the sugar, glucose,
honey, activated charcoal, and water
to 160ºC. The mixture will begin to
smell of caramel, but it will be black in
colour due to the charcoal. Whisk in the
sodium bicarbonate. The mixture will
expand rapidly. Pour the mixture into a
parchment-lined bowl, allow to cool for
five to ten minutes, and let expand and
set in a vacuum chamber. Brush with
additional activated charcoal powder
to coat.

Cooked sunflower seeds beginning to oxidise

Non-alkalised (L) and alkalised (R) sunflower seeds, after cooling and oxidising

Quince vinegar lees
This was the product of inoculating the
leftover quince wine from topping up
our barrels of quince balsamic vinegar
in winter 2013 with the robust mother
from our elder vinegar of the same
year. It fermented strongly and reduced
down into an intense, dark brown syrup
with a pH of 3.0 and brix (apparently)
above 80˚ (off the charts for our poor
old refractometer)—a fitting sour and
astringent counterpart to the rich, nutty
ice cream.

Alkalised sunflower seed purée

To serve
Freeze a small, round cup, ideally ceramic. Cover one side of the cup’s interior
with Green Sunflower Seed Ice Cream,
spread the surface with a thin layer of
Quince Vinegar Lees, and top with lumps
of Charcoal Honeycomb. Conceal the
remaining visible ice cream with smaller
pieces of honeycomb, and serve.
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An early plating trial, before deciding on
the cup
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gillus oryzae, while its enzymes remain;
the salt and carbohydrates from the
grain also likely create an ideal climate
for some lactic acid bacteria (LAB) and
perhaps some salt-tolerant yeasts to
populate the mixture. It is a versatile ingredient, used to season, tenderise, and
bring out the umami and sweetness of
other foods.

There are many recipes out there, depending on region, family tradition and
individual taste. We have settled on a
rough ratio of

Shio-koji
October 7, 2015
Researcher: Josh Evans
Start date: 28.6.13
It was only a matter of time, after working with koji for so long, that it would
find its way to this.
Shio-koji (’salt koji’) is a mixture of koji,
salt, and water. The salt kills the Asper-
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4 koji : 1 salt : 5 water
Mix together the ingredients, put into a
container and cover with cheesecloth.
Let stand 10 days at room temperature,
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stirring every day.
Blend and/or pass through sieve if
desired, then transfer to a jar and keep
in refrigerator.
Rice koji tends to be white; since we
mainly use pearl barley koji ours takes
on a light brown colour. It has aromas of

coconut and fruit and nuts.
For us it tends to yield both a firmer
paste and a looser liquid – this may be
because we use fresh koji instead of the
dried variety more available at Japanese
food stores, so our water content is higher. Though it can also be useful to have
more solid and more liquid phases.

We have used it for a few things, some
of which we will describe in upcoming
posts.
In the meantime, if you have some
leftover koji after starting some fermentations, don’t let it go to waste – make
some shio-koji instead.

Science at Sea
October 12, 2015
In June 2014, the Danish Ministry of Higher Education and Science hosted the
European Science Open Forum, Europe’s
largest conference for interdisciplinary
science and science policy. Alongside
the conference, the City of Copenhagen
held a festival called Science in the City,
”a free festival for families, students
and everyone who is curious and can’t
help wondering...”. We participated in a
session called Taste the Sea, where we
took over the deck of one of Denmark’s
marine research vessels with some other
Danish organisations, and served some
small tasters to share our work on underutilised and neglected edible species
of the sea.
Here are some iphone photos of the
ship, and posters with recipes for the
tasters we served.
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Seaweed Grissini: About to bake

Seaweed Grissini: Out of the oven

Slow-poached egg: Trial plating at the lab

Slow-poached egg: At the event

Mackerel in kimchi juice

Dulse ice cream
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The Giant Puffball
October 15, 2015

By Jason Ball

Overview
The giant puffball mushroom (Calvatia gigantean) has a lot of culinary
potential. One of our most surprising
and successful techniques involved
rubbing pieces of puffball with shio-koji,
compressing them and curing them like
meat. The result was a potent ‘cheesy’
umami bomb (to be used sparingly).
We developed some dishes to explore
the applications of this curious, unique
ingredient.
___________________________________
One late afternoon towards the end of
July 2014, we found ourselves holding a
few giant puffball mushrooms (Calvatia
gigantean).
We happened upon these mushrooms
by accident. Avery and I were foraging
for elderberries when we stumbled upon
a row of giant puffball mushrooms. To
call them ‘giant’ puffball mushrooms is
completely appropriate—they are larger
than a basketball (though much less
dense) and very rotund. We had already
loaded 10 kilos of elderberries onto our
bikes, but we couldn’t leave these beauties behind. We gathered them and rode
back to the boat.
The puffball mushroom is a gasteroid
fungus (gastro is Greek for ‘stomach’),
within the larger family of Basidiomycota. Basidiomycota form the secondlargest group of fungi, with more than
thirty-one thousand described species.
They are defined by the production of
sexual spores on basidia. Basidia are
mostly club-shaped cells with four
small outgrowths called sterigmata.
The sterigmata produce one spore each.
Gasteroid fungi are Basidiomycota that
produce their spores inside—in the
‘stomach’. They never actively shoot

The aptly-named Giant Puffballs, with Youngbin for comparison

their spores from the basidia but rely on
some outer force—like an animal or the
splashing of raindrops—to get the spores airborne (Peterson, 2012). It is unclear
to us how these particular puffball spores became airborne, but as we found
them the mushrooms were growing in a
completely straight line.
Although their unusual appearance of
the giant puffballs makes them rather
recognizable, it is of the utmost importance to make sure any foraged wild
mushroom is edible before beginning to
work with it.
The estimated number of mushroom
species growing in Europe ranges from
2000 to 1.5 million (Eren et al., 2010;
Poucheret et al., 2010). As we have
repeatedly mentioned in previous posts,
where foraging is concerned, proper
identification is standard protocol before
consuming anything that is foraged in
the wild. Disregarding intentional consumption of psychoactive mushrooms,
ingestion of toxic fungi is mostly accidental. Mushroom poisoning resulting
from a suicide attempt or a criminal act
is a rare event (Karlson-Stiber & Persson,
2003). Common sense dictates that an

expert opinion is warranted if you are
unsure. Just like that old saying, ‘When
in doubt, throw it out’. We have one too:
‘If you don’t know what it is, don’t eat it’.
Although every ‘mushroom hunters’
guide warns its readers against collecting unknown or not well-known
fungi, several ‘old wives’ tales’ like
testing the fruiting bodies with a silver
spoon or checking for insect damage
are still used to distinguish edible and
poisonous mushrooms. These practices together with tasting unknown
edible mushrooms can lead to severe
mushroom poisonings because: (a)
macro-fungi can hardly be reliably
identiﬁed by comparing pictures in
a ﬁeld guide with specimens from
the wild, (b) the gastronomic value of
rarer species is often not known, and
therefore (c) new poisonous species are
discovered occasionally (Kirchmair et al.,
2012).
The two most notable and obvious giant
puffball look-alikes are Amanita and Scleroderma. Actual puffball mushrooms
are quite soft, almost cloud-like, on the
interior, whereas Scleroderma (as the
name would suggest) are firm and hard
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Portioning the Giant Puffballs for experiments

Giant Puffball curing trials

Other brining and curing trials
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inside. Amanita have an outline of a
capped mushroom shape on the interior.
Both are extremely toxic, and in most
instances, fatal if consumed—though
some Amanita species, like Amanita
muscaria, can be detoxified by simmering in boiling water (Rubel & Arora
2008). In recent decades, mushroom
poisoning cases caused by lethal Amanita spp. have been frequently reported,
which account for over 90% of all fatal
mushroom poisonings worldwide
(Bresinsky & Besl, 1990; Ward et al., 2013;
Roberts et al., 2013; Chen et al., 2012;
Unluoglu & Tayfur, 2003).
We are fortunate enough to be in
communication with mushroom
foraging experts, and determined that
these mushrooms were, in fact, safe to
eat. For Calvatia gigantean the interior
should be pure white. This is a good
indication that the puffball mushrooms
are fit for consumption. If the interior of
the mushroom has any discoloration or
streaks of yellow, it should be discarded.
The culinary potential of these
mushrooms is great, but there is and
has been interest in the fungus for
other purposes, such as the medicinal
and pharmaceutical industries. Berkley
(1857) reported that Calvatia gigantea
and Calvatia caelata could be used
in burn cases due to their anesthetic
properties. Berkley (1857) also states
that the application of C. spp. stops
bleeding from wounds. The scientific
community’s interest in mushrooms
has continued to develop since. Out of
approximately 15,000 known species,
2000 of mushrooms are safe for human
consumption, and about 650 of these
possess medicinal properties (Rai et al.,
2005).
When talking about mushroom deliciousness, we often find ourselves on the
topic of amino acids. Of the amino acids,
there are 23 that are proteinogenic. These are the amino acids that form peptide
chains that provide the ‘backbone’ for
protein formation. Of these 23 proteinogenic amino acids, only 9 of them are

considered ‘essential’—since we cannot
synthesize them, we must obtain them
from food. Kivrak et al. (2014) detected
all 9 essential amino acids (histidine,
isoleucine, leucine, lysine, methionine,
threonine, tryptophan, valine, and
phenylalanine) in puffball mushrooms,
as well as all the non-essential amino
acids with the exception of cysteine.
And where there are many amino acids,
there is often umami potential
The arrival of these mushrooms brought
on a lot of experimentation. We cured
them in salt and sugar. We cured them
in beetroots. We made tinctures. We
dehydrated them. We cured and hung
some like sausages. We lacto-fermented
them with other aromatics. We fermented them in buttermilk. We even
made ‘french toast’ out of them (it was
actually quite good). And then we inoculated them with shio-koji…
Although some preparations provided
tasty results, they paled in comparison to the puffball mushrooms that
we cured with shio-koji. Shio-koji is a
mixture of sea salt (shio), koji, and water.
It is a popular condiment in Japan, and
has a variety of uses, making use of its
rich enzymatic activity from the koji. It is
used in anything from salad dressing, to
marinade, or even in crêpe batter. With
this application, we found the most success with the following method:

Ingredients

· Shio-koji
· Giant puffball mushroom
(use a ratio of 1:2.4 (w/w) shiokoji:mushroom)

Equipment

· Brush
· Vacuum Sealer
· Muslin
· Butcher’s Twine
· Dehydrator

Method

Clean the exterior of the puffball
mushroom. We simply trimmed and
discarded it.
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Cut the mushroom into large pieces.
Ours were approximately 150g each.
Gently brush the mushroom with
shio koji using the above ratio. The
mushrooms are extremely delicate,
and it is important that you keep the
mushroom whole.
Place in an appropriately-sized vacuum
bags, and seal (100%).
Place in a refrigerator at 4˚C for 72 hours.
After 72 hours, remove from the bag, and
place the mushroom in a small pouch
made of muslin.
Tie the pouch closed with twine, and
hang in a room at ±20˚C for 48 hours.
After 48 hours, remove the mushroom
from the pouch and dehydrate at 55˚C
for 6-8 hours. Alternatively, you can
dehydrate the mushroom to your desired texture. The longer you dehydrate,
of course, the drier and harder it will
become.

Sensory Results
We found that after 6 hours the
mushroom’s texture is just unbelievable.
It’s actually hard to explain because the
transformation is a bit extreme. The shio
koji seems to have been a catalyst for
some pretty intense amino acid breakdown. The texture is soft, but slightly
elastic, it is similar to well-made mozzarella in this way. However, the color is
deep amber, similar to honey. The taste
is pleasant, but very unusual. There are
hints of salt, earth, caramel, and aged
gouda. It’s quite a dominant taste, and
therefore better suited to consume in
thin slices.
After 24 hours of dehydration at 55˚C,
the mushroom is a bit drier, but when
microplaned, it is also quite nice. With
this texture it is well suited to microplane on whatever you’d like—eggs,
pasta, or scallion pancakes might be a
nice place to start.
The obvious next step in this process
was to try and use this product in a

composed dish.
This was actually a bit more difficult
than anticipated. This process in particular could be compared to putting
together a jigsaw puzzle. The cured
puffball mushroom has been the very
oddly shaped piece that takes a while
to place. The texture and taste are quite
novel, and as a result, hard to pair with
complimentary ingredients. But a challenge is always a good thing.
The first dish we tried included a squash
(cooked in oxidised pork fat), with a
dehydrated chip of sourdough starter
and fermented cabbage juice. The ingredients were then garnished with some
puffball tincture, elderberry vinegar, and
nasturtium stems. I suppose the idea
was to embrace the ‘seasons’ (winter)
with this combination. I may have also
been trying to utilize this unusual fermented cabbage juice we made (that is
so weird, but very interesting and tasty).
The dish was ok.
‘Ok’ isn’t really good enough, so we went
back to the drawing board. We thought
about the origin of these mushrooms
– maybe the mushrooms natural habit
could give us some clues. The puffball mushrooms had been discovered
amongst elderberry trees, so trying a
combination of the two seemed like a
plausible idea. I made a light ‘meringue’ of egg whites and our Older Elder
vinegar, and served it with a slice of the
mushroom. Simple. But, sensory results
were underwhelming.

Curing Giant Puffball like meat

Brining Giant Puffball with labrador tea,
rose root and rhubarb root

After that we moved into new territory.
We used a soft cooked egg yolk as the
‘center’ of the dish and then placed thin
slices of chestnuts (raw, pickled in elder
vinegar, and preserved in puffball tincture), and puffball slices on top as well.
The combination of ingredients was
tasty—however, the egg yolk was a bit
cloying on the palate. This was the first
test dish that was well-received, visually,
as well as hedonically.
The combination of tastes and textures
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Giant Puffball after a cure in rose root
brine

Giant Puffball after a cure in rhubarb root
brine

Giant Puffball after a cure in labrador tea
brine

Giant Puffball french toast for family meal
one day. We had a lot of Giant Puffball.

Compressed and curing

Salt + sugar

Trial 1

Trial 2

Also trial 2

Trial 3

Later trials

Also some later trials
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was pleasant, and the puffball taste was
recognizable but not dominant. We liked
this dish. Although it wasn’t perfect,
we thought that it was a nice snack.
What is a perfect dish anyway? Does
such a thing exist? (Yes, it’s the egg yolk,
corn broth, and black pepper oil dish
at AMASS). In any case, I’m sure many
cooks can relate to the idea that a dish is
never really finished.
Seasons change. There will be many
more dishes that can be created with
this puffball mushroom, and those will
come in time. For now, these shio-kojicured puffballs have taken their wellearned place in our pantry. We will see
how they develop.
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Calibrating Flavour part I: measuring the
senses in a fast-paced world
October 24, 2015

By Kristen Rasmussen
All proper scientific evaluation requires
objectivity and sensory science is no
exception. This is difficult because our
senses are, in fact, very subjective. Think
about the last time you tried a new
food – maybe it was a tropical fruit on
vacation or an unfamiliar pseudo-grain.
Whether or not your palate accepted
that novel food depends on many
factors—some that can be measured
chemically and physically, such as taste,
smell, and touch, but other factors that
are harder to quantify, like culture and
past experiences, also play a role.
The projects conducted at Nordic Food
Lab always include an element of evaluating and/or attempting to modulate

The sample set of 29 aromatic blends
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specific flavour profiles. As a culinaryminded nutritionist, I like to point out
that beyond the benefits of enjoying
food, no food is nutritious unless it is
eaten. I firmly believe that we should enjoy all food that passes our lips. For this
reason I would argue that any research
involving food, even research without a
culinary focus, should similarly consider and appreciate the importance
of flavour. But how does one measure
something as nuanced as flavour?
Because sensory experience can be so
personal and subjective, the ‘gold standard’ of sensory testing involves panels
trained to be as objective as possible
in a particular descriptive analysis test.
However, this process is notoriously
costly, time-prohibitive, and difficult to

analyze, leading to a search for other
testing methods that are faster and
cheaper, while still producing robust and
repeatable results. During my stint as visiting researcher at NFL, I spent the majority of my time conducting a sensory
study to analyse the validity of one
such alternative process. The purpose
of the study was to capture the sensory
differences in a large set of spice blends
and pastes using two fast sensory
methods, Napping® and Ultra-Flash
Profiling (UFP). The results could then be
analyzed to determine the adequacy of
the sensory evaluation methods.
‘Aromatic blend’ samples were chosen
for the study in order to include a variety
of traditional blends from around the
world in addition to several samples
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Preparing the aromatic spice blends

from NFL’s work, such as Juniper Ant
Paste and Peaso. Consequently, the
samples represent, though incompletely,
the large differences that exist between
mixes of different flavourful ingredients
from a range of cultures and approaches
to ‘aromatic blends’.
Napping® is a sensory method where
participants are presented all samples at
one time and asked to arrange them on
X,Y coordinates of a sheet, placing samples closer together that are more similar,
and farther apart that are less similar
(Figure 2). The beauty of Napping® is
that it requires minimal training and is
fast, versatile, and holistic, meaning that
participants consider all characteristics.
By comparing samples holistically, we
get a much better representation of the
true sensory experience, rather than just
looking at one factor such as ‘sweetness’
or ‘spiciness’ as is done in many other
methods.
As we wanted more information than
just coordinates, the Napping® exercise was combined with UFP, where

participants added sensory descriptors
they found appropriate to describe each
sample (Figure 3). To reduce bias, no
prompts were given and subjects could
write down anything that came to mind.
As you might imagine, we received a
wide variety of descriptors, from “garlic”
and “umami” to “sexy”, “tastes good
with pork buns”, and “reminds me of
snowfall in Christmas”. Although these
sample descriptions were highly varied,
by grouping descriptors with the same
or very similar meanings, a consistent
set of descriptive words was formulated
and summed over respondents be used
for further statistical analysis.
A total of 26 subjects including chefs,
students majoring in a food-related
field, and other food professionals participated in the study. Due to our large
sample size and sample complexity we
decided that the study would benefit
from individuals experienced in tasting
food, as they are able to identify and
name the flavours in the mixes more
quickly and accurately than novices and
in principle would take longer to fatigue.

The study included 29 different aromatic
blends at the same time (imagine
tasting 29 different wines at a wine
tasting, without the alcohol of course),
which, as we mentioned, is quite a large
number of samples. Through a statistical tool called Principal Component
Analysis, we were able to determine the
variances between sample placements
on the grid within the group as a whole.
This method showed us that our subjects largely placed samples containing
similar ingredients near each other,
such as a pickling blend near juniper ant
paste and BBQ chipotle near mole negro.
Additionally, a majority of the words and
phrases used to describe the aromatic
blends are associated with samples that
are near others described with similar
words and phrases. For example, “fishy”
is near “anchovy” and “Mexico” is next
to “chili pepper”. These results may not
appear to be dramatic—but what was
exciting is that we could obtain such
overlaps with an untrained panel and so
many complex samples.
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A sample of napping boards after the experiment
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Figure 1. Score plot from PCA, Principal components 1 and 2. Map of 29 spice blends, showing the interrelationship between sampl

Figure 2. Correlation loading plot from PCA, Principal Components 1 and 2. Map of respondents’ positioning (small dots, labels omitted
for brevity and clarity of the figure) and descriptors (triangles) used by respondents for sensory properties of the spice blends. For clarity
only important descriptors are labelled.
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As with any sensory study, our methods
are not perfect—one subject’s definition of “salty” may differ from another’s,
for example. However, our results with
like-samples and descriptions appearing
in the same vicinity demonstrate that
combining Napping® and UFP can serve
as a more practical approach to the
time-consuming descriptive analysis
completed by trained panels. Additionally, some limitations of the study
include our large number of samples
and complete freedom for descriptive
words—we believe that more limitations on these parameters might diminish fatigue and thus yield even more
reliable results.
One fact of gastronomy that makes
sensory science so complex and interesting is that every food, even every ingre-

dient, contains a wide variety of tastes
and aromas that combine in different
ways to create flavour. Our research was
descriptive in nature rather than affective, but if you were to use the same
29 spice blends in an acceptance test,
the results would be much more wideranging, as humans have such diverse
preferences. This concept will be explored on from a scientific and culinary
perspective in the next following post,
Calibrating Flavour Part II: Exploring
formulas for deliciousness.

References
Ares, G., Deliza, R., Barreiro, C., Gimenez,
A., & Gámbaro, A. (2010). Comparison of
two sensory profiling techniques based
on consumer perception. Food Quality
and Preference 21 (4), 417–426.

Dehlholm, C., Brockhoff, P. B., Meinert, L.,
Aaslyng, M. D., & Bredie, W. L. P. (2012).
Rapid sensory methods – Comparison
of free multiple sorting, partial napping,
napping, flash profiling and conventional profiling. Food Quality and Preference , 26 (2), 267–277.
Frøst, M.B., Giacalone, D., & Rasmussen, K. K. (2014). Alternative methods
of sensory testing: working with chefs,
culinary professionals and brew masters. In J. Delarue, J. Ben Lawlor, & M.
Rogeaux (Eds.), Rapid Sensory Profiling
Techniques and Related Methods - Applications in New Product Development
and Consumer Research (1st ed., pp. 363–
382). Cambridge: Woodhead Publishing.
doi:10.1533/9781782422587.3.363

Symposium: The Science of Taste
October 26, 2015
In August 2014, we participated in a
Symposium here in Copenhagen called
’The Science of Taste’, held at the Royal
Danish Academy of Sciences and Letters
and organised by Ole Mouritsen, biophysicist, algae and umami expert, and keen
gastronome (and also a member of our
Board of Directors). It had a pretty great
line-up of speakers, all working in different ways to unravel the complexities
of food and taste.
We had the honour and responsibility
of cooking lunch on the first day for this
esteemed group. Roberto led the team
in developing a menu of four dishes
based around some of our research
projects and principles. The following
descriptions are taken from our paper
’Place-based taste: geography as a starting point for deliciousness’, published
in Flavour Journal, which recounts the
process of developing the menu for the
event.
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1 Beef heart tartare
We wanted to illustrate the particular qualities of (what are nowadays)
underutilised parts of the animal. Heart
is a continuously working muscle,
which gives it a very different texture
than skeletal muscles. Our hearts came
from 1-year-old biodynamic calves from
Østagergård in Jystrup, Denmark, which
we minced while maintaining some
structure of the meat. We seasoned the
minced heart with black garlic, fresh tarragon, and fig leaf tincture. Black garlic
is a product originating in East Asia,
and is produced by keeping garlic in a
warm, humid environment with little
airflow for around 60 days (we seal ours
in vacuum bags and keep them at 60°C).
This process denatures the alliinase
enzyme responsible for transforming
non-volatile alliin into volatile allicin, the
pungent sulphurous compound in garlic,
especially when its cells are ruptured.

Moreover, the low but steady heat
creates cascades of low-temperature
Maillard reactions, although at a much
slower rate than the Maillard reactions
commonly experienced in cooking. The
finished garlic is characterised by a deep
black colour and complex caramelised
fragrances.
The tarragon was grown biodynamically
at Kiselgården in Ugerløse, Denmark,
and provided the freshness to complement the dark richness and acidity of
the black garlic.
The Danish island of Bornholm, between
Sweden, Germany and Poland at the
mouth of the Baltic sea, has a unique
microclimate along its southern coast:
soft beaches of fine white sand and
an exceptional warmth that lasts later
into the fall than is characteristic of
the region. This microclimate gives rise
to a particular ecology, which includes

BLOG POSTS

a robust population of fig trees. In the
summer we made a tincture – a strong
infusion of high-proof ethanol, which
has both gastronomic and medicinal
applications—from some of these fig
leaves, yielding a concentrated source of
their characteristic aroma: part coconut,

part coumarin (the sweet-smelling
compound in tonka bean, woodruff, and
sweet clover, among others). A small
amount of tincture provided complex
herbal top notes, binding the dish
together.

We served the dish with a crispbread laminated with wild mugwort and beach
roses, and a chilled shot of fragrant,
woodsy gin from the island of Hven in
the Øresund.

Beef heart tartare with black garlic, tarragon, and fig leaf tincture

Hven gin on ice

Laminated crispbread with wild mugwort
and beach rose
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2 Peas ’n’ Bees
This dish emerged from several sources
of inspiration. In June 2014, some of our
team visited the island of Livø in the
Limfjord in northern Jutland to conduct
fieldwork for our insect research. While
on the island investigating the European
cockchafer, we also obtained some fresh
bee larvae from a local beekeeper, along
with some very mature lovage stems
from her garden. As part of an outdoor
experimental cookout we steamed the
delicate, fatty larvae inside the lovage
stems along with jasmine flowers that
at the time were riotously in bloom.
The herbal and floral notes of the larvae
were enhanced in this rustic and simple
preparation, and we wanted to take it
further in a more controlled context.
Roberto was reminded of an old-school
Italian dish from the 70s called Risi e
Bisi—risotto with peas. The bee larvae
sort of reminded us of the rice. The
texture of the dish was enhanced with
pearled barley boiled in lovage broth, to
create a summery, room-temperature
soup of creamed fresh peas and lovage,
with some blanched bee larvae, fried
bee larvae, fresh lovage, and fermented
bee pollen to garnish.
Bee larvae are often a waste product of
organic beekeeping, as the drones are
removed periodically throughout the
summer months as a strategy to lower
the Varroa mite population in the hive.
They also happen to be extremely nutritious—around 50% protein and 20%
unsaturated fats—and their flavour, like
honey, can vary according to the local
flora and the time of year. All of this
makes them a very exciting product to
work with in the kitchen. The bee larvae
we used in this dish we obtained from a
beekeeper in Værløse, outside of Copenhagen, Denmark.
Along with this course, we served large
sourdough loaves made with flour from
Øland wheat, an old variety of wheat
from the island of Øland in Sweden, and
virgin butter—carefully cultured cream
churned until just before the butterfat
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Peas ’n’ Bees — fresh pea soup with blanched bee larvae, fried bee larvae, barley cooked in
lovage broth, bee bread and fresh lovage

Øland wheat sourdough

and buttermilk separate, yielding a foamy emulsion with a cloud-like texture
and bright acidity.

3 Tongue and koji-chovies
Here again we wanted to showcase the
delicious potential of another less-used
cut. We cooked the tongues from the
same calves from Østagergård (as used
above) whole, sous vide for four hours
at 85°C with lots of aromatics. This was
followed by two hours more at 55°C,
with butter added. Then we sliced them

and served them slightly warm with lots
of fresh greens and herbs and a bright
herb sauce. To go along with the tongue,
we boiled some new potatoes and
tossed them in an umami-rich sauce of
koji-chovies and halved pointy cabbage
we had grilled and compressed with
shio-koji to break it down and bring
out its natural sweetness. Both the
koji-chovies and shio-koji are excellent
examples of translation of technique
from other culinary traditions. Taking
our love of cured anchovies and applying it to a common small fish of the
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Nordic region, for example. Or using the
versatility of koji, grain fermented with
the fungus Aspergillus oryzae, to enhance our fermentation techniques and
other processes. The koji, made mainly
on rice in East Asia, produces amylases
which saccharify the starches allowing
the substrate to be further fermented

into alcohol (as is the case with sake,
or rice wine), along with proteases and
lipases which can be further used to
break down proteins into amino acids
and fats into fatty acids. The enzymatic
breakdown of proteins is the main mechanism that gives rise to umami taste
in many products, such as soy sauce,

miso, and their analogues around East
and South-east Asia.
With the main course we served a juice
made from Danish apples and seasoned
lightly with juniper berries.

Calf tongue with fresh herbs, greens, and a bright herb sauce

Danish new potatoes with koji-chovy sauce and sage

Grilled pointy cabbage compressed with shio-koji
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4 Koldskål
We finished with our take on a classic
Danish summertime dessert: koldskål.
It is a buttermilk soup with a base of
egg yolk, traditionally aromatised with
lemon zest and vanilla, and served with
small cookies called ‘kammerjunkere’
and sometimes with fresh strawberries.
In this version we opted for a more her-

bal profile, infusing the soup with lemon
verbena, and serving with a mixture of
freeze-dried lingonberries, raspberries
and cranberries, and homemade kammerjunkere topped with lemon thyme
sugar.
As this dish was served, we sprayed a
finely misted tincture of birch buds over
each table, a beautifully resinous and

Lemon verbena koldskål with freeze-dried berries, kammerjunkere and lemon thyme sugar

The tables set for some hungry scientists
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enveloping aroma from this underused
part of the tree that conjures up forests
of this most Nordic of trees.
We offered this variation on a beloved
Danish classic to share the delicious
Danish summer with our Danish and
international guests alike.
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An artist in residence
October 31, 2015

From June to August, we had an artistin-residence intern at the lab. Her name
is Rosemary Liss. She’ll be posting a few

things from her work this past summer—this first one is a collection of
images from our day-to-day. -ed.

(All photos by the artist, unless stated
otherwise)

utilising the glut

cultivating an edible consciousness

found textures

some perfect beauty

traditional foodways

dehydrating the pellicle

tomato leather on stone

cheesecloth, felt, rhubarb kombucha, rose
hips, squid, vacuum bags
”you begin with the possibilities of the
material”
- Robert Rauschenberg: Painter’s Painting
(1973)

lamb’s head from the Faroe Islands

dehydrated buckwheat

kombucha mother from continuous brew
on lemon verbena tea, dehydrated at 68°C
for six hours. “this is this big”
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gastronomically oriented

dehydrated and vacuumed-sealed ‘detritus’: frog, black garlic, pumpkin moons,
kombucha mothers, squid, and cod.
(c/o Katherine Ball)
”Now more than ever, nature cannot be
separated from culture; in order to comprehend the interactions between ecosystems, the mecanosphere and the social
and individual Universes of reference, we
must learn to think ‘transversally.”
- Felix Guattari: The Three Ecologies (1989)

a bird’s eye view

crow’s foot and eco-plate
“To break nature into its component parts
to solve problems, as you would go about
repairing an old watch, is to go about it
in entirely the wrong way. That isn’t how
biological systems work. It’s how computer
programs work.”
– Dan Barber: The Third Plate (2014)

the edge effect
silky piquancy

kahm yeast over nordic kimchi

SIDE 330 | NORDIC FOOD LAB |

bornholm palette
”The more edge you create, the more
biodiversity you create, where a meadow
meets a forest or a piece of water meets
a meadow. Two different ecologies meet.
Two different kinds of landscapes meet…
that is where you find the most biodiversity at that edge.”
– Nils Norman: The Edge Effect: Art & Ecology in the Nordic Landscape (2014)

zoogleal ombré

rhubarb kombucha mothers
“The circulation of the blood is primary…It
is the blood that drives the heart and not
the other way around.”
– Rudolf Steiner: ”The Question of Food”
from The Effects of Esoteric Development
(1913)

discourse diversity

green tea paper on ceramic plate
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Frihuset
November 6, 2015

By Roberto Flore
In May 2014, I was invited to share
some recipes with roe deer on ’Frihuset’,
a Danish television program on TV2,
filmed at the estate at Ryegaard in Kirke
Hyllinge. The segment highlighted the
different parts of the animal. I made

fried testicles, heart tartare with apples
and rhubarb reduction, and tenderloin
rubbed with birch syrup and birch bud
salt, wrapped in birch bark and grilled.
It was also the first event I made with
my hunter friend David—since then we
have hunted together and had some
great conversations about the role of

hunting in sustainable landscape management, some of which you can listen
to on NFLR.
Here are some photos from this tasty,
early-summer day.

Roe deer heart

Testicles and mise en place
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Roberto and Lene, one of the hosts of Frihuset

Roe deer tenderloin, rubbed with birch
syrup and birch bud salt, wrapped in birch
bark, and grilled

Seasoning the testicles

deer heart tartare with apples and
rhubarb reduction
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steamed wild asparagus
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Post-boat
November 13, 2015

It has been one year to the day since we
moved house.
From the beginning of 2009, the lab was
in a houseboat, a grey one with a black
curved roof and a handsome wooden
deck, moored just outside Restaurant
Noma at Wilders Plads on the main
Copenhagen harbour.
We were there for almost six years.
Last November, we packed up our pantry
and all our equipment and moved a
ten-minute bike-ride across town to
the Department of Food Science at the
University of Copenhagen. Along with
research, field work, talks and presentations and cooking around the world, our
last year has been full of the adventure of building up our new space and
figuring out how to make it all work in a
very new environment.
There has been an interesting reversal:
on the boat, we sometimes felt like the
nerdy tinkerers in the culture of the
kitchen; now, we feel like the git-’er-done
cooks in the methodical world of the
academy. Both have their benefits; we
still don’t quite belong to either.
While those of us who worked on the
boat sometimes pine for those nautical
days where we couldn’t weigh anything
with greater precision than 10 grams
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and the bilge pump broke what felt like
every week, overall the move feels like
growing up and entering a new phase
of NFL’s life. Our projects are developing,
as are our collaborations in Copenhagen,
the region, and the world.
We want to give a special thank-you to
our friends and colleagues at Noma and
MAD, our first-of-kin. We may not get to
see them quite as often as we used to,
but we love seeing them around town
and will always feel like a part of the
extended family.

We indulged in one sentimental keepsake—the porthole from the boat’s back
door. We have used it as a backdrop for
photos, a plate, a paperweight; currently
it resides in our bookshelf, the guardian
and soul of our library.
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Tempe part 1: traditional fermentation,
fungal trials, and regional seeds
November 20, 2015

By Bernat Guixer and Roberto Flore

Overview
This project investigates applications of
tempe mould (primarily Rhizopus spp.)
in the kitchen.
The results will be spread over two blog
posts. The first is devoted to introducing
and contextualising tempe as a food
product: its origin, its raw materials,
and the key points of its fermentation
process. We provide the protocols used
here at NFL for bean and wheat tempe
production. Moreover, we describe the
use of some Nordic legume varieties for
tempe production. The second part will
cover how we further developed our
preliminary tempe into a completely different and exciting product by harnessing the moulds’ metabolic enzymes to
produce different sensory qualities.
___________________________________

Traditional tempes from Indonesia

Introduction
Tempe is a fermented food from Indonesia, originally based on soy beans. It
is produced through a solid state fungal
fermentation process leading to a mycelia-knitted compact cake of beans. The
key microorganism leading the process
is a fungus from the Rhizopus genus.
Beyond soy beans, there are several
primary ingredients used for tempe
production. We can divide tempe into
five general categories based on its raw
materials: legumes, grains, grains and
legumes, presscake residues and nonlegume seeds (Nout & Kiers 2005, Feng
2006). This is a quite generic classification, and certainly there are several other
factors that greatly influence the final
product—for example, the fermentation
process.
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Traditional tempe taste testing

Tempe is an Indonesian staple food,
and originated hundreds of years ago
in central and east Java Island (Shurtleff & Aoyagi 1979). Nowadays, much
tempe is made with whole soybeans
(Nout & Kiers 2005), yet earlier forms of
tempe have been made from okara, the
residue from soymilk extraction for tofu

making. The earliest mention of tempe
is ’Sambal Lethok’, a dish made of overripe tempe, recorded in a 17th-century
Centhini (old Javanese) inscription. The
first occurrence of the word for soybean
in ancient Javanese is ’kadele’ (’ka’ meaning ’bean’, and ’dele meaning ’black’)
documented in the Sri Tanjung from the
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12th-13th century. Thus it is believed that
tempe was initially made with black
soybeans (Astuti, 2001).

All these features make tempe an
interesting product to investigate for its
gastronomic potential.

When stored, freshly-produced tempe
will begin to turn brown in a matter
of days or even a few extra hours, the
firm and spongy texture of the mycelia
collapses, and a characteristic ammoniac odour develops. Yet such a product,
after being either intentionally stored
for too long or deliberately over-ripened,
can still be used to produce strongly
flavoured sauces, toppings or cookies
(Wijaya & Gunawan-Puteri 2015, Nout &
Kiers 2005). Despite its rather short shelf
life, the fermentation process contributes other great benefits: it increases
the digestibility and bioavailability of
proteins, carbohydrates, lipids and minerals; enhances the vitamin content of
the final product; significantly decreases
the amount of so-called ‘antinutrients’
(trypsin inhibitors, phytic acid, etc.) and
flatulence-related sugars which might
be contained in the raw materials; and
significantly shortens the cooking time
(and thus energy consumption) required
for the primary ingredients.

Tempe fermentation at a glance

Production protocols at NFL

As with many fermented foods, tempe
likely developed over the course of years,
through chance discovery, trial and error,
and knowledge transfer generation over
generation, in particular geographic and
climatic conditions.

Tempe is relatively simple to produce.
However, controlled stable conditions
during the production process are
required to achieve a satisfactory result,
particularly in a place such as Denmark
where the climate differs strongly from
that of Indonesia. It is not our purpose
here to systematically review tempeh
production protocols—there are several
excellent bibliographic sources with
many details on tempe production
processes (Shurtleff & Aoyagi 1979, Nout
& Kiers 2005, Steinkraus 2004).

Tempe is a highly nutritious, easily
digestible and tasty product. In a world
where more and more people are eating
too much animal meat, by any measures
of health, nutrition, and the environment, developing additional delicious,
satisfying foods from proteinous raw
materials can help to address over-consumption of resource-intensive foods
such as animal meat. Soybeans, and
thus soybean tempeh, contain all essential amino acids, those that must be
supplied to the organism since our body
is not able to synthesize itself. It is low
in saturated fats and free of cholesterol.
It is highly digestible and generally low
in cost.

These conditions favour the development of certain plant, microbe, and
other species that become the building
blocks for human-microbe-environment
interactions, and the resulting fermented foods. Through careful observation craft producers were able to
modify production conditions during
fermentation to incrementally alter the
final product.
Tempe is a good example of a fermented
food whose transformation is advantageous not primarily for preservation
purposes, but rather for the increased
nutritional properties of the final
product (Shurtleff & Aoyagi 1979). Fresh
tempe has a relatively limited shelf life
due to its microbial enzymatic activity.

With this project we wanted to see
what this Indonesian technique would
yield with Nordic raw materials. As a
starting point we selected brown beans
from Øland in Sweden as the primary
material for our tempe. We also experimented with other Nordic legumes and
grains to expand the varieties previously
reported for tempe production (Nout &
Kiers 2005, Feng 2006).
We did not aim to fully optimise this

The Swedish brown Øland bean

protocol since we were more interested
in focusing on other features besides
the production method, which will be
detailed in part 2.

Bean tempe protocol
Yield: around 1 kg

· Øland brown beans, or any kind of
beans you desire
· Water for soaking and boiling
· Vinegar
· Rhizopus spp. spores (commercially
available)
· Ziplock bags
· An incubator or any chamber able to
maintain a temperature of around
30ºC and stable humidity conditions,
also having some space for airflow.
1. Perforate ziplock bags with holes approximately .5-1mm in diameter spaced
approximately 1 cm apart, to to allow
oxygen to penetrate the bean cake for
proper fungal development.
2. Place 600g of dry beans in water and
bring to a boil.
3. Cool down water with ice and let soak
overnight.
4. Strain beans and dehull them.
5. Add vinegar to water until it reaches
a pH of 4.8, and cook beans in this solution for 12 min.
6. Strain beans and spread them in a
towel for drying and cooling (approximately 20 min).
7. Inoculate with fungal spores following
ratio indicated by culture supplier (Top
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Fermenting tempe in the oven

Cultures: 3g of spores; Raprima: 1g of
spores).
8. Place the sporulated beans in perforated ziplock bags The thickness of the
filled package should not exceed 2cm.
9. Incubate at 30˚C for 24-30 hours.
Humidity largely self-regulates within
the ziplock bag.
In the course of developing this protocol,
we tested three different pure cultures
corresponding to different Rhizopus
species and strains.
A) Rhizopus oryzae (Top Cultures)
B) Rhizopus oligosporus (Top Cultures)
C) Rhizopus oligosporus (Raprima culture)—Culture broadly used in Indonesia for most tempe producers not using
wild cultures for tempe inoculation. Michael actually brought this culture back
to Copenhagen directly from Indonesia.
We observed dramatic differences
between these Rhizopus species, both
in their behaviour during fermentation
and on the sensory features of the final
product.

R. oryzae generates a surprisingly high
amount of alcoholic and organic solvent
aromas. The flavour was slightly acidic
depending on the fermentation time:
mild at 24 hours, well-balanced with
interesting and surprising sour notes at
28 hours, and overwhelming sourness at
30h or more. The mycelia was white and
remains so during this window (24-30h).
Mycelia reaches its best consistency
at approximately 28h, although it was
much lighter than (not as dense or
well-structured as) that expected from
traditional tempe.
R. oligosporus sporulated rapidly, generating black spots (spores) around the
perforations (and thus most aerated
areas) as early as 24 hours. By 30h most
of the mycelia covering the bean cake
developed a grey colour with black
spotted areas. The aroma was soft
and mushroomy and the flavour was
mild with little differences from the
beans themselves. Dark spores are not
hazardous, but they generally deter the
unfamiliar eater.
Raprima culture produced a nice
compact white mycelia after 30 hours
of fermentation, when it reached what
we judged its best characteristics.
Sporulation appeared much later on the
developing pattern of this mould. The
aroma and flavour were mild and after
being tested by an Indonesian palate
(our team member Dwi) we concluded
this sample to be closest to commercial
tempe in Indonesia.
Since the Raprima culture behaved differently from the other R. oligosporus
commercial culture we tested, they
must differ at the strain level.

Øland wheat tempe protocol
Yield: around 1 kg

Left to right: NFL Tempe trials on Øland
brown beans with fungal cultures A, B,
and C
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1. Perforate ziplock bags with holes approximately .5-1mm in diametre, to to
allow oxygen to penetrate the bean cake
for proper fungal development.
2. Rinse 450g of Øland wheat with water.

Successful trials of NFL tempe with Øland
brown beans and Raprima culture

Counterclockwise from left: NFL tempe trials on Øland wheat, using cultures A, B, and

3. Add vinegar to water until it reaches
a pH of 4.8, and boil the wheat in this
solution for 35 minutes.
4. Drain grains and crack them in a thermomix (power 10, 10 seconds) and let
them cool down in a towel for 5 min.
5. Inoculate with spores following
ratio indicated by culture supplier (Top
Cultures: .6g/200g dry grain; Raprima:
.3g/200g dry grain).
6. Place the sporulated beans in perforated ziplock bags. The thickness of the
filled package should not exceed 2 cm.
7. Incubate at 30˚C for 40-46 hours.
Øland wheat tempe developed an extraordinary umami taste. This was its dominant sensory feature. Raprima culture
developed compact, white, appealing
mycelia. In terms of flavour and aroma,
we judged Raprima to produce the best
tempe of the three cultures tested. R.
oryzae developed a weak white mycelia,
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and R. oligosporus sporulates rapidly.
We observed that Øland wheat tempe
needs to be consumed straight away,
otherwise an astringent flavour arises
and rapidly spoils the product.
We had the opportunity to work with

some regional varieties of fava beans
and peas from Muld farm, which participates in the Pometet program (we have
worked with them before) for preserving
plant species at risk of disappearing.
From those varieties we made tempe

using R. oryzae and we got interesting
results after 24 hours of fermentation.
We report some informal tasting notes:

Figure 1. Informal tasting notes for tempe made on different varieties of Danish legumes

A closer look at tempe fermentation

Kiers 2005, Shurtleff & Aoyagi 1979).

firmness.

A deeper understanding of the fermentation process helps us influence different characteristics of the final product.
Here are some of the main variables.

Studies on the structural and functional
effects of R. oligosporus on soybean
tempe reported that the amount of
total free amino acids formed after 24
hours of fermentation significantly
increases, while the pH of the fermented
soybeans stays neutral (Handoyo &
Mortia 2006). Proteins (albumin, globulin, alkaline soluble) are rapidly degraded
to low-molecular weight peptides and
amino acids. The cell structure of the
soybeans is disorganised during fermentation, loosening the bean’s initial

The germination of fungal sporangiospores starts several hours after the
inoculation of the beans, leading to the
development of mycelia that penetrates
several layers of cells into the bean. This
is why it is crucial to dehull the beans to
allow the mycelia to penetrate the bean
cotyledon. Disruption of the cell wall is
essential to facilitate the diffusion of
fungal extracellular enzymes and the
degradation of the solid substrate into
soluble fragments for the proper growth
and development of Rhizopus spp.

Mould metabolism
R. oligosporus and R. oryzae are highly
versatile species. They feed on the lipids
in soybeans, and are also able to adjust
their metabolism to use oligosaccharides and proteins depending on variable
rates of available substrates (Nout &
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(Varzakas 1998).

Abiotic factors

Heritage varieties of Danish legumes from
Muld farm

Moisture content is described to be a
crucial factor for tempe production, affecting mould activity and subsequently
the quality and characteristics of the
product (Shurtleff & Aoyagi 1979). Moisture of the beans has been reported to
range from 55 to 70%, and while there
is not much consensus in the bibliography on relative humidity preferences
during fermentation (between 45-85%
reported), it seems most likely to be
around 80%, the typical relative humidity in Indonesia.
For proper tempe production the mould
requires oxygen, and most of the
strains are unable to survive anaerobic
conditions. Due to low rates of diffusion
into the packed tempe cake, oxygen
concentration decreases during the
active stages of fermentation, while CO2
concentration increases (Sparringa et al.
2002).

NFL tempe made on different heritage varieties of Danish legumes from Muld farm

Sorting through many tempe trials

Furthermore, fungal metabolic activity
during fermentation is an exothermic
process that releases considerable heat.
Due to poor heat transfer in the stationary phase (tempe cake) the temperature might increase to unsustainable
levels (40-50ºC)—the optimum temperature for Rhizopus metabolism is 37ºC
(Nout & Kiers 2005).
Besides abiotic aspects, another growth
limitation factor is ammonia production by degradation of nitrogenous
compounds (Sparringa & Owens 1999)
that eventually inhibits the mycelia and
fungal development.
To palliate aforementioned limiting
factors (oxygen, heat and ammonia) it
is convenient to reduce the thickness of
the tempe cake to improve heat transfer
and ventilation to the inner parts of the
cake.

From metabolism to flavours and
aromas
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From the mould’s point of view, tempe
fermentation transformations are the
result of its efforts to secure its survival.
The mould creates a variety of tools to
help it make most use of available substrates, like the enzymes it uses to break
down complex molecules (proteins,
lipids and carbohydrates) into simpler
molecules that they can then take up for
use in growth and proper metabolic performance. These simpler molecules also
become the source for increased taste—
sugars lend sweetness, amino acids
contribute umami, etc. These metabolic
processes also produce secondary molecules which bring other flavours and
aromas—alcohols, organic acids, aldehydes, ketones, lactones, esters. Moreover,
each mould species and strain makes
different use of different nutrients, thus
producing significant variability the end
product.

Conclusion
Tempe might apparently seem a simple
product, but as most fermented foods,
digging deeper yields a complex process
of many overlapping factors.
In the upcoming second part, we ask:
and now, with this new technique, what
else can we make?
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Tree bark
November 24, 2015
By Anna Sigrithur & Avery MacGuire

Overview
This post explores the Scandinavian
traditions of using tree bark flours in
cooking—in particular the use of birch
and pine barks in the cuisines of indigenous Sami culture.
___________________________________

Birch

Birch trees tapped for syrup, in March.
Photo credit: Josh Pollen

Papery white bark, long lean trunks
with eye-like knots, the warming sweet
smell of the sauna – birch trees (both
Betula pubescens spp. and B. pendula
spp.) are an iconic symbol of the Nordic
region. They were among the earliest
trees to re-colonize the land after the
last ice age (Kullman, 2002) and grow
abundantly all around the Northern
Hemisphere with species spanning from
Morocco to Greenland (pfaf.org). Aside
from their distinctive outward appe-

arance, many parts of birch are also used
for food: their sap is traditionally drunk
fresh, boiled down into syrup, and even
brewed into beer (Buhner, 1998), and
the small buds, harvested in the winter
before they begin to shoot, are deeply
resinous and aromatic. Yet birch’s great
gastronomic potential does not end
here. Below the outer bark, the inner
bark has a beautiful reddish colour and
a sweet woody aroma, and can bring a
unique flavour to many dishes.

Flour from the inner birch bark, dried,
ground, and sifted
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This inner bark is also called phloem,
the layer between the distinctive papery
outer bark and inner hardwood. It is a
living tissue, consisting notably of specialized filtering sieve-cells for transport
of water and nutrients, starch-storing
tissues, and other specialized cells for
structural support of the tree (Sjölund,
1997). It is through the phloem that sap
travels in early spring, carrying sucrose
and other nutrients to nourish the tree
as it begins to bud. Compared to the
outer bark and inner hardwood, phloem
has a lower concentration of antidigestive compounds such as lignin and
phenols (Chaney, 2003); in fact, it is relatively nutritious, with about 1000-1200
calories per kilogram, though it tends to
have a bitter taste.
The outer birch bark has been widely
used as a building material, and for food
storage and preservation due to the
antimicrobial properties of betulin, a
compound (as the name would suggest)
which the tree has in abundance (Haque
et al 2014). Use of the phloem, however, has not been documented nearly
as widely. One group that historically
uses the inner bark is the Sami people
of northern Scandinavia, for whom the
birch tree is nearly as central to their
way of life as the reindeer. They typically
harvest the bark from trees felled for
timber, firewood, waterproofing, or
handicrafts, peeling it off in large sheets
from the smooth trunks while still fresh.
Traditional practice warns against harvesting bark from the full circumference
of a living tree lest its nutrient flow be
cut off (Laila Spik, personal communication, 2015)—a process known as girdling,
used in other contexts to manage forests and even to grow extremely large
vegetables. Once harvested, the reddish
brown, almost cork-like phloem is separated from the outer bark and left to dry
either in the sun, by a fire or wood stove,
or in a dehydrator. It is then ground
into flour and used to make bread and
crackers. Birch flour does not contain the
gluten proteins typically required to give
bread structure and cohesion, and for
this reason it is rarely used alone in ba-
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Figure 1 - General tree anatomy and physiology. A tree’s bark and wood consists of many
distinct layers: the exterior bark comprised of dead, accumulated cells is called the rhytidome, while the entire outer bark layer is called the periderm; the inner bark is also called
phloem and consists of vascular tubes to transport nutrients; the thin cambium below is
made of living tissue that builds the phloem outward and provides a protective barrier
against rot and disease; the sapwood is the newly formed wood containing living tissues
and water; the heartwood is older, dryer and the core of the tree’s structural stability.
Drawing by Anna Sigrithur.

king. More often it is mixed with wheat
or rye flour to make the dough more
cohesive, and to smooth its bitter taste.
Bread using birch bark flour, for example,

has been made in Sweden and Finland
for centuries (Zackrisson et al., 1999).
Here is a recipe for a simple birch bark

BLOG POSTS

bread. The crumb has a beautiful reddish hue and a unique aroma, almost
reminiscent of raspberries.

Birch bark bread
· 600g whole grain flour
· 400g tipo 00 flour
· 75g birch flour
· 20g salt
· 925g water
· 200g sourdough starter
Combine ingredients and soak overnight. The next morning add 200g
sourdough. Over the next 4-5 hours
turn the dough every 45-60 minutes by
pulling up one corner and folding it over
onto itself. Give the bowl a quarter turn
and repeat until you have made it all the
way around.
Shape loaves into tight rounds and let
them rest for 20 minutes. Then fold
them into tight packages and place in a
rising basket. Allow to rise for 2-3 hours.
Place Dutch oven with lid into oven and
preheat oven to 250°C. Once hot, drop
the dough into the pot, score, and put
the lid back on. Decrease temperature to
230°C and bake for 20 minutes. Remove
the lid and bake for another 25 minutes
until the crust turns a beautiful golden
brown.

Pine
The bark from the rugged, ancient
pines (Pinus sylvestris spp.) of northern
Scandinavia is also a source of flour for
breads and baking. The Sami traditionally harvest the bark from living
trees in vertical strips that wrap no
more than one-third around a tree’s
circumference—a method known as
‘window pane-ing’ (Laila Spik, personal
communication, 2015). Typically the strip
is harvested using a steel or bone blade
to make horizontal cuts at the top and
bottom of the strip then using a scraper
to peel the strip down vertically, leaving
the cambium undamaged below (Zackrisson et al., 1999). Harvesting occurred
during most of the snow-free months,
although specifically in June, and was
most often carried out by women (ibid.).
Prior to the 19th century, the trees were
most often stripped on the north/
northwest/northeast side of the trunk,
and first strippings were most likely to
be facing north, with subsequent ones
facing other directions (ibid.). Interestingly, evidence of stripping from the
19th century does not indicate a specific
preference for direction.
In the days before modern communication, seeing fresh window panes on pine
trees was a signal to travelling Sami that
others were living nearby (Laila Spik,
personal communication, 2015). Indeed
these window-panes are still visible on
some Lapland pines, some grown over
for hundreds of years: the 700-800 year
old pines around Laila’s home, near
Stora Sjöfallet National Park, register
evidence of the most active continuous
use of pine bark of anywhere in Sweden
during the period between 1450 and
1890 (Zackrisson et al., 1999). Pines are
less desirable than birch for fire and
construction, and are thus typically felled less often, so harvesting respectfully
from the living tree is appropriate in this
case. The pines from which bark was
harvested were also in many considered
cases sacred, and would not be used for
firewood also for this reason (ibid.).

A pine tree with evidence of bark regrowth
over an old ’window-pane’, in northern
Sweden.

The eating of pine tree bark in the
Nordic regions has commonly been
regarded as a famine activity—yet the
historical evidence suggests otherwise:
“There is no indication in our records
that historically well-known famine
years resulted in more bark being peeled
in those years (see also Niklasson et al.
1994). This may strengthen the interpretation that inner bark was not a famine
food for Sami, in contrast to what has
been described among Nordic and Finnish farmers (Hansson 1996). The use of
bark for food among Sami people was
instead always described in the 1600’s
and 1700’s as a normal staple food
resource (Schefferus 1674; Leem 1767;
Rheen 1897; Graan 1899; Lundius 1905;
Drake 1918). It has also been pointed out
that rich Sami families with many tamed reindeer and large milk production
normally collected the largest quantities
of Scots pine inner bark for food (Drake
1918), which is understandable as inner
bark was often mixed into milk (Schefferus 1674).” (Zackrisson et al., 1999)
Thus, when it comes to Sami culture,
use of pine bark may have been much
more connected with wealth (in the
form of more reindeer and their milk)
than poverty and famine. Nonetheless,
the use of bark in the 18th and 19th cen-
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turies was often described as primitive
and as a sign of extreme poverty (ibid.).
The 19th century saw official claims that
eating bark and its products was dangerous and unhealthy; Swedish authorities
generated intense propaganda against
the use of bark for food; and from 1870
onwards Swedish legislation forbade the
harvesting of bark from trees growing
on crown land (ibid.).
There are many documents suggesting that pine flour be made from the
phloem similarly to birch (MacWelch,
2014; Gottesfeld 1992; Zackrisson et al.,
1999). However, Laila’s recipe for making
pine bark flour is simply to harvest the
shaggy outer bark (rhytidome) which
can be flaked off relatively easily with a
sharp knife. The grey surface is weathered and can be discarded in favour
of the rusty-coloured, aromatic layers
lying below, just above the smooth,
white cambium. Similar to the method
for birch, the harvested pine bark flakes
should be dried and ground into a flour
using a stone grinder, a mortar and
pestle, an electric blender or mill, or a
combination of these methods. The pine
flour is then mixed with wheat, spelt or
rye flour and typically baked into thin
knäckebröd, or Swedish crisp bread. It is
also well documented that the phloem
and cambium can be made into flour by
stripping away the rhytidome and periderm and peeling the cambium off in
sheets, dehydrating it, and then grinding
into powder (Zackrisson et al., 1999). This
kind of harvesting should only be done
on non-living branches or trees because
of the damage it would do to the living
tree. Small pieces of the cambium can
also be enjoyed as a fresh mid-harvest
treat, with a sweetness and texture
reminiscent of fresh coconut meat.
Nutritionally, the periderm and rhytidome are not as generous as the phloem or cambium as they do not contain
starches or carbohydrates digestible to
humans (Chaney, 2005). However, they
do contain condensed tannins called
procyanidins that are being researched
for potential health benefits (Li et al.,

SIDE 344 | NORDIC FOOD LAB |

2015). Aromatic hydrocarbons such as
terpenes and phenols which give pine
its distinctive warm, woody scent also
deliver antimicrobial properties, perhaps
useful for blending with other flours to
preserve their shelf life. The phloem of
the pine is rich in ascorbic acid (Vitamin C), which during the 1800s helped
the Sami of the interior of Norway and
Sweden avoid the scurvy that was at the
time devastating the coastal populations of non-Sami farmers (Zackrisson et
al., 1999).
I [Anna] learned how to make this
bread from the outer bark from Laila
Spik when I was learning from her this
summer; the aroma that fills the kitchen
while these are baking is irresistible
and resinous, just like a walk in the pine
forest.
Laila is pleased to share her recipe with
pine bark flatbread with anyone who is
interested. You can get in touch with her
at laila.spik@gmail.com (or check out
her website: http://lailaspik.vingar.se).
I’ve recently been working on another
recipe with the pine bark flour, which
we served on Monday at a party to
celebrate the 1-year anniversary of our
move to KU and the past, present and
future of NFL.

Making pine bark flatbread with Laila Spik
in northern Sweden.

PINE BARK COOKIES
· 75g sugar
· 113g butter
· 1 egg white
· 60g pine bark flour
· 90g wheat flour
· 2g baking powder
· 2g salt
1. Oven 180˚C, 10% humidity.
2. Cream together the butter and sugar;
add lightly beaten egg white.
3. Sift together dry ingredients and
slowly add to creamed mixture. Stir till
combined.
4. The mixture should be quite fatty.
Wrap, and place in refrigerator for one
hour.
5. Roll between sheets of parchment
very thinly (at this point it may be
helpful to put the rolled out sheet in the
freezer for 5 minutes to firm it up a little
bit), and then cut out cookie shapes (I
used 30mm circle cutter).
6. Bake on silicone for 5 minutes—less
if they are very small, and more if they
are larger.
7. Cool and enjoy sandwiching this tasty
bastard:

CELERIAC WHITE CHOCOLATE BUTTERCREAM
· approx. 300g celeriac (1/2 large), peeled
and cut into 5cm chunks
· milk for poaching
· 90g white chocolate pieces
· 50mL heavy cream
· 2 sheets gelatin
1. Poach the celeriac till very soft in two
changes of milk.
2. Let cool and strain away milk (save for
delicious rooty toot tootin’ lattes!!)
3. Purée with blender, then pass through
tamis to remove fibres.
4. Heat the cream and chocolate over a
bain marie, whisk to combine.
5. Soften gelatin in some water and melt
over bain marie with a dash of cream.
Whisk gelatin into chocolate mixture.
6. Pour over celeriac puree and blend
thoroughly. Spread into container and
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let cool for at least 4 hours.
7. Purée celeriac white chocolate again
for smoothness; spread on half of your
pine cookies and ever so gently top with
another pine cookie (they are delicate
flowers).
8. Put in the refrigerator to set again,
half an hour. Serve immediately and
enjoy or they may become soggy.

Contributions
Avery wrote the first version of the Birch
section, and developed the bread recipe.
Anna wrote the Pine section, developed
the pine biscuit recipe, and updated
information and added citations throughout.
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Artist-in-residence: Nukazuke pathways
December 1, 2015

By Rosemary Liss
Check out Rosemary’s first post, a slideshow of images from her summer as our
artist-in-residence,
as well as our first short post on nuka
from a few years back.
My interest in nukazuke stems from my
more general interest in the physical
relationships between bodies and food
as a life-sustaining force. I was introduced to the nuka duko (or nuka pot)
on my very first day working at Hex
Ferments, a company that creates kombucha, kimchis and kraut in Baltimore,
Maryland. This magical process inspired
later artistic projects both visual and
comestible.
The nuka is a perfect example of a process that was born from utilising waste.
Its origin finds roots in the Edo period
of Japan when the milling of rice rose in
popularity. The by-product of polishing
rice is the rich outer membrane also
known as bran. By adding a salt brine
and other inoculants from seaweed
to sake, a nutrient-dense pickling bed
is cultivated that, if well-tended, can
pickle raw vegetables from morning to
evening. This process, born from preservation and waste reduction, transmutes
raw materials into a microbial-rich
habitat.
I was initially drawn to the daily ritual
of tending the nuka because it goes
beyond food preparation and become
a metaphor of life cycles. The bed is
a living organism, a community of
bacteria and yeast, feeding, digesting
and expelling. Interpreting the nuka in
one’s own environment cultivates not
only a somewhat new kind of pickling
machine, but also opens up new forms
of living (for microbes and for humans)
layered between the global and local
aspects of one’s own foodshed. As I ten-
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ded to our Baltimore pot—aerating the
paste, removing the pickled vegetables,
adding fresh ones—I began to see its
possibilities for my own research and
exploration. And I saw how different raw
materials from Denmark might respond
very differently from those found in
Japan.
I found a deep connection to this daily
process. When I stirred the pot my mind
would slip into quiet and a sense of
calm materialised; my body moved automatically with the soft sand-like paste
and we become one. This past January
I was a resident artist at the Vermont
Studio Center. I spent a portion of the
program exploring this certain intimacy.
Removing the comestible component of
this process by replacing the vegetables
with wood and ceramic objects I created
a performance piece to showcase the
nuka’s meditative qualities.
While in Vermont I applied to be an
intern at Nordic Food Lab. I proposed
doing more research on the Nuka, but
in context with the Nordic landscape. In
my proposal I stated:
“Like many ferments, the Nuka is influenced by its environment, and a pot
cultivated in Baltimore would produce a
uniquely different mouthfeel from one
in Copenhagen. My project would focus
on producing a Nuka Pot connected to
Denmark’s terroir as a way to study its
microbial influence.“
When I came to the Lab, I wanted to
continue to expand on my relationship
with Nuka, but in a new environment. I
saw this process as a lens to study the
Nordic terrain—I would recontextualise
the process within the structure of my
available materials. It was a starting
point to begin to understand the
importance of using what a particular
ecosystem provides. In my notes I wrote:

“I will begin my research studying the
ability of a variety of traditional Nordic
grains to find a good alternative to rice
bran. I will create multiple nuka pots in 5
L containers with the controls being set
for the same amount of bran and salt in
each pot and only carrots as the pickling
object. Once I have found the ideal bran,
I will broaden my research to explore a
variety of inoculates including: seaweed,
beer, and miso. I will explore whether
these ingredients are necessary to help
the nuka ‘bed’ ferment and protect from
spoilage. When I have found the most
ideal flavor profile and combination of
ingredients I would like to play with
burying various vegetables, fruits and
proteins and see which ingredients
produce the best nuka pickles.”
Specific requirements for the nuka:
1. The pickled vegetables have a complex
flavour, tangy and aromatic from the
pickling medium, with a crisp yet yielding texture;
2. The pickling bed has good consistency:
not too moist nor too dry (ideally the
texture of wet sand);
3. The pickling bed can make good pickles in 6-12 hours.
I did research on four different heritage
grains. My colleague Jonas, our team
sourdough baker, introduced me to
grains I had never heard of, like Øland
and Dacke wheats. He taught me how to
mill my own flour, removing the hull or
husk of the grain. I loved using the small
stone grinder to turn whole kernels into
flour. This process was beneficial both
to Jonas and to me. As the wheat was
milled and sifted, he was left with fresh
flour for baking, and I was left with its
by-product, the bran, for my nuka pots.
It was a perfect relationship, especially
in a space that focuses on finding latent
potential in all kinds of raw materials
and utilising what might otherwise be
seen as waste.
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Nordic Food Lab is a hive of interdisciplinary learning, but it is still a laboratory. And when you do research-based
projects to try to generate knowledge
it is vital to set up controlled experiments. Below are my notes from my first
experiment.
It took a while for the beds to ferment
and the salt content remained high.
Every day I would aerate the nuka bins
and remove the pickled carrots. I tested
the “soils’” pH content and added fresh
veggies. The nuka ranged from dry to
sticky and the four types of bran had a
fluffier consistency than the rice bran I
was used to.
Obtaining organic, local carrots was not
as easy as I had hoped, so I switched my
control substrate to asparagus, which is
bountiful in the summer months. When
pickled, the tough skin would soften and
become prune-like as the membrane began to break down. The asparagus kept
a nice crunch with a burst of briny juice
ranging from sour to sweet. There were
slight variations in flavour and texture
depending on the bran, but it did not
obtain the complexity of flavour I was
used to with a traditional rice bran nuka.
Yet still from these trials I had discovered that the Øland was the most
suitable bran. Focusing on one pot for
my second experiment, I got a much
larger batch of pre-milled Øland. For
this round I inoculated the batch with
pieces of sourdough baked in the lab,
sugar kelp, eggshells, and roasted koji
miso. The bran fermented more quickly
and the pH began to drop. Immediately
the flavours were more intense and a
complex umami taste developed. The
bed, however, remained fluffier than my
first trial batch of Øland bran and began
to smell of ethanol. For my first batch, I
milled the Øland wheat myself; for the
second batch, I used bran from wheat
that had been milled at the farm. The second batch was fluffier and did not stick
together well, which I believe might
have come from the two brans having
different final compositions—the

Watch here: https://vimeo.com/147439061

second batch bran had more efficiently
removed the husk resulting in its particular certain texture, while my own bran

seemed to have a higher concentration
of flour remaining, which provided more
texture to the paste and probably was
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also facilitating the growth of metabolising yeast and LAB.
By the beginning of July I had eaten so
many pieces of asparagus that they
began to blend together and my tongue
had difficulty discerning between the
nuances in nuka pots and fermentation times. The pH did continue to go
down, but so did my energy level. I felt
uninspired and the act of churning the
pot everyday became a chore. I started
to get jealous of colleagues who were
experimenting with a variety of dishes
and the excitement that followed each
success and failure.
I continued to aerate, remove and
replace vegetables in the new nuka for
another week. The pH went down slightly, but the nuka bed did not yield tasty
results and the bran remained fluffy,
lacking the pasty, sandy consistency of
the rice bran. After some deliberation, I
put the project to bed and composted
the nuka.
I did find that Øland wheat was a
suitable alternative, but suitable doesn’t
necessarily mean exciting or delicious.
Ultimately, none of the grains I tried really compared to the flavour and texture
of rice bran. I also began to understand
that the purpose of the lab isn’t to take
a traditional process and make it Nordic,
but to find something in one’s environment and cultivate it through experimentation until you create something
that is delicious unto itself. It was about
exploration and playfulness, feeling alive
and coming into that space everyday to
share with my colleagues interesting
tastes and new combinations of ingredients and dishes. I found the routine and
body connection in other ways. Feeding
sourdough and making rye bread, gutting fish, and processing bee larvae. No
longer was I second guessing my role
and I began to play.
While my nuka was a failure, it was also
a gift. I had to struggle through it to find
meaning and context for other projects.
I would hurry though my own research
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so I could have more time talking tempe
with Bernat or learn how to make the
perfect tortilla with Santiago. Meanwhile a kombucha SCOBY I had brought all
the way across the Atlantic had settled
nicely into its new environment and
multiplied.
At that time I was thinking about the intersection between eating and disgust.
Bernat had just presented some trials
from his tempe project at a conference
put on by the Asian Dynamics Initiative
at the University of Copenhagen, entitled ‘Food, Feeding, and Eating in and
out of Asia’. The team was surprised to
discover the intensity of the audience’s
reactions. Those that had grown up

eating traditional tempe found this new
softer, chewier and mildly acidic cousin
revolting (more info in part 2 of Bernat’s
tempe research results). It brought up
many questions about how cultural perception creates a framework for taste.
With these discussions in mind I started
to experiment with the SCOBY itself as
an edible substrate, playing with similar
themes. My adventures cooking with
kombucha began and my nuka experiments came to an end.
But really it’s not the end. The work becomes part of a greater rhizome of material generated by the lab; these small
failures are part of a larger experience.
We are not specialists, were are enthu-

BLOG POSTS

siasts. Most of us don’t come from long
generations of singular producers or
craftspeople. We are looking around at

the world with open minds and excited
hearts and we are making a big mess
and out of this mess we find new and

experimental ways to think about what
growing, preparing and consuming food
means to us.

Calibrating Flavour part 2: formulae for
deliciousness
December 8 2015

By Kristen Rasmussen
Enjoying food is similar to enjoying
music—we have preferences from an
early age, but by learning more about
a longtime favorite or exploring a new
genre, we can better understand and appreciate nuances and new styles. Cuisine
is not one-note, but rather a combination of factors: the central baseline of
chemicals that register taste, the chords
and melodies determined by hundreds
of aroma compounds, and the tangible
percussion of texture and trigeminal effects, such as temperature and spice, all
merge to create the songs of gastronomy. Like music, we all come to the table
with culture and history that shape our
experience and no one combination will
work the same for every diner. Given
this high potential for variation and the
subjective nature of preference, how do
we know what makes for a successful
combination of ingredients?

In a previous article, Calibrating
Flavour Part I: measuring the senses
in a fast-paced world, I discussed the
some of the challenges of sensory
analysis and described a few innovative
sense-measuring tools that are less
time-intensive than the ‘gold standard’
evaluation process. Yet although these
tools provide a valid overview of certain
measurable characteristics such as
similarity between samples, they do not
get at the (IMHO) most important attribute when examining food—deliciousness, or shall we say in sensory terms,
‘hedonic value’. The study we conducted
using these tools to investigate various
aromatic spice blends showed us how
compounds identified through chemical
analysis translate to perceived flavour,
but that is only part of the story. To get
the full picture, or hear the full song, we
need to understand how those blends of
chemical and physical attributes inform
preference, from a variety of different
viewpoints.

One theory for why a cook or chef
might want to use a certain combination of ingredients is the concept of
‘food pairing’. Food pairing hypothesises that ingredients sharing more
flavour compounds are better suited
for each other than those that share
fewer flavour compounds. An obvious
example of this concept would be
garlic and onions, whereas tomato and
parmesan or shrimp and white wine
are less obvious examples of the pairing
hypothesis, yet still intuitive. Even more
extreme are the white chocolate and
caviar or dark chocolate and blue cheese
pairings that were introduced to menus
specifically because of this food pairing
theory and the discovery that these food
duos shared a high number of flavour
compounds (an impressive total of 73
for dark chocolate and blue cheese).
This theory is so prevalent that it is a
registered trademark and there is even a
website dedicated to helping chefs and
bartenders understand and use it.

Figure 1. Example of ingredients that share many and few compounds.
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Food pairing is such a popular concept because it is relatively easy to
understand but, fortunately or not, we
humans and our desires are a bit more
complex than this hypothesis alone
can explain. Furthermore, it is difficult
to quantify something with such an
artistic element as gastronomy using so
simple a formula. For a more complex

view of the issue, one can look to the
flavour network illustrated by YongYeol Ahn and colleagues (2011). In their
research, these Harvard scientists evaluated the shared flavour compounds
in ingredients from over 50,000 recipes.
What they found seemed to confirm the
pairing hypothesis —a lot of ingredients
having a high number of shared flavour

compounds are in the same recipes, but
it held only for Western European and
Northern American recipes. For recipes
hailing from Southern Europe and East
Asia, it was the opposite story—foods
are more likely to be paired with other
foods if they have fewer flavour compounds in common, giving birth to the
idea of ‘antipairing’.

Figures 2 and 3. Example of how ingredients in North American recipes tend to share many compounds, whereas ingredients in East
Asian recipes tend to share few compounds.

They go on to point out that these
trends diminish significantly when the
most characteristic ingredients of each
cuisine are taken out of the equation.
For example, when milk, wheat, and
eggs are removed from North American
recipes the resulting combinations demonstrate the food pairing hypothesis
less robustly, and the same is true for
anti-pairing of ginger, pork, and onion
in East Asian recipes. At first glance,
this observation supports the ‘flavour
principle’, or the concept that the difference between traditional cuisines
can be reduced a few ingredients (Rozin,
1973). However, if an observation is only
true under the condition that the key
ingredients in a recipe are removed, is
it really worth noting, or is the recipe
transformed beyond recognition and the
observation rendered rather unuseful?
I would also argue that the flavour
principle itself is misguided because
not only can a cuisine not be reduced
to a set of ingredients, but a cuisine, its
dishes, their variations, and an eater’s
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interaction with them, cannot be reduced to a set of factors—there is so much
more at play. Consider the difference
between consuming a meal in haste
with a phone or computer nearby, and
eating that same meal around a table
in the company of others. Our daily
companions and our broader culture
not only determine what is considered
acceptable as food, but also what is considered acceptable as the food environment—communal dining, conversation
or no, sitting on chairs or on the floor or
reclining, eating with cutlery or hands,
take-out, and all manner of distractions.
The food environment is just one factor
beyond ingredient combinations that
can not be ignored when exploring
cuisine. Further important factors are,
for example, culture, history, and relationship to innovation. By labeling certain
cuisines with a formula for deliciousness—food pairing for Western Europe
and North America and food antipairing for Southern Europe and East

Asia—we are making assumptions that
there is a correct way to create food in a
given region. These assumptions make
us more likely to disregard the diner’s
background and context, and forget that
norms and standards are constantly
reorganising. Just like jazz, during its
emergence, was (and in many cases
continues to be) a musical revelation,
recipes, menus, and new food genres
do the same for the gastronomic world.
These new ideas aren’t always good
ones, and they often take some time to
be iterated, refined, and accepted, but
I believe it’s important to always keep
trying rather than assume that the story
is set in stone.
Another idea illustrated in the Ahn
article on flavour networks is that all
foods have a ‘fitness value’, which is
determined by a combination of factors
such as nutritional value, availability,
antimicrobial properties, flavour, etc. In
theory, foods are used because of their
fitness value, which makes sense when
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you think about acidic ingredients like
lemon or vinegar, that have a tartness
to balance other flavours and create an
inhospitable environment for “bad” bacteria. However, the elements of sensory
and aesthetic preference that should be
included as part of a food’s “fitness” are,
as we have seen, difficult to quantify
and evaluate. There are objective food
fitness factors that make up part of
the story, but there are also subjective
factors without which the story makes
no sense.
Determining the formula, or musical
arrangement, for deliciousness is no
easy task—probably because there is
no one such arrangement in the first
place. Foods do have certain measurable
characteristics, but we also all taste food
with a personal perspective—which
is exactly what makes gastronomy
fascinating for both the cook and the
eater. Research investigating connections between flavour compounds and
preference, such as those mentioned
above, are vital to better understanding
cuisine, but it is imperative to remember
all the other factors that contribute to
our eating experience, and, I would say,
to never stop listening to new gastronomic music.
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Apricot galette contains butter, flour, sugar, and nuts, which share many compounds.
(photo by the author)

The rosemary is an example of using the anti-pairing concept in a recipe where most
other ingredients contain many shared compounds. (photo by the author)

Rozin, E. The flavor-principle cookbook.
Hawthorn Books, Book Club Ed: 1973.

Parmesan cheese, olive oil, and zucchini share few if any compounds—but the combination sure works for me.
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Artist-in-residence: Eating the zoogleal mat
December 15, 2015

seared duck heart, rhubarb, coal oil and kombucha mother

By Rosemary Liss
This project was born out of a type of
failure. The kombucha membrane is the
perfect medium to tell this story. The
look, the feel, colour, texture, flavour.
I wanted to touch and taste. I found
myself in a gelatinous substrate, a mother, a zoogleal mat. Suddenly I found
a confluence of art and fermentation. I
became obsessed.
Eating the SCOBY brought up rich and
diverse imagery. Films where food
stands in for sex: that scene in Tampopo
where a mobster and his moll pass a
raw egg yolk back and forth with their
tongues in coital bliss; MFK Fisher’s budding sexuality conveyed in eating her
first oyster. I find this appealing, some
find this disgusting. Taste happens.
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With these tropes in mind, I drafted
some dishes using the mother. I paired
SCOBYs with salt, cream, spice, smoke,
umami agents. I used chartreuse-hued
coal oil, mauve dashi, pink rose hips. Sometimes the SCOBY played a supporting
role, sometimes as a focal point and
ultimately as the narrator. With each
experiment I asked: how can I create a
dish that is playful and arouses all the
senses?
I worked on many different applications of the mother. From dehydrating it
to form a shell enclosing brined duck
tongues, to dicing it to juxtapose with
blanched squid. I also made a variety of
kombuchas to generate different types
of mothers: rhubarb, elderflower, black
pepper, cucumber and even one with
oysters. I mixed the acidic liquids into
creams and made sorbets and granitas,

continuing to explore the possibilities.
Fluffy steamed buns soaked up pepper
kombucha granita and cucumber kombucha sorbet as it melted into smoked
mackerel and kombucha-infused cream.
Each new interpretation yielded interesting results, but I struggled with the
chewiness of the mother and keeping
kombucha the star.
I made cucumber kombucha dumplings
from blended cucumber, separating the
juice from the pulp through a fine mesh
sieve. With the cucumber pulp I added
a splash of rhubarb kombucha. Using
a very young kombucha mother, I cut
7cm circles to create dumpling wrappers. I plated the dish by creating a small
lake of cucumber juice at the bottom
of a wide ceramic bowl. The kombucha
skin wrapped around cooled cucumber
pulp was finished with toasted caraway
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seeds, a few drops of olive oil and sea
salt.
Unlike other applications of the kombucha mother, the dumplings dish was
on its way to success. The bite-sized
dumplings and younger kombucha
made it easier to chew through the
mother. It provided a complementary
balance between sweet and sour that
paired nicely with the coolness of the
cucumber. The toasted caraway seeds
added a slight crunch and a hint of
vegetal smoke. Unlike some of my other
trials, this dish was well received. But I
was also interested in the disgust factor

and I wanted to push the relationship
we have with food, sex and disgust
through the use of the zoogleal mat.
Focusing on the mouthfeel of raw
oysters, I made an oyster kombucha.
When the mother was 5mm thick I
cut a piece of the membrane into an
oyster shape. I laid this new oyster in
its shell and with a stroke of squid ink
and a splash of dashi and suddenly the
mother became the oyster.
There was a strange sensation when
consumed. Slightly sour, salty and sweet
the mother provided more chew than a

real oyster and less burst of flavour, but
still I found enjoyment in the gelatinous
experience as it slid down my throat.
Was this dish a novelty? Well-balanced?
A success? That’s up to debate, but it
provided me with a mind-manifesting
object. Something happens in the
brain and in the body when we try
new things, as we build and dismantle
preferences. Our likes and dislikes find
companionship between past experiences and unknown futures. In the end,
the kombucha mother may not become
a popular menu item. As a food, it serves
a different purpose.

two trials of mother and squid with rhubarb kombucha and søl dashi
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cucumber ’dumplings’ with kombucha mother, caraway, and olive oil

the oyster mother ’oyster’
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Artist-in-residence: mobile and mothership
December 18, 2015

By Rosemary Liss
As an artist my role at Nordic Food Lab
was somewhat more fluid. Yet what
began as a gentle anxiety—”what is my
purpose? where do I belong?”—became
the driver of my projects and interactions. I found a space between the experiential, the edible, and the data-driven.
While my research took many directions,
I also worked to create installation
pieces for the space that manifested
both the principles of the lab and my
personal experience of it.
I began to gather discarded materials:
vegetable scraps, sauerkraut, kombucha
mothers. Even within an organization
that champions the latent possibilities

of the unwanted we continue to accrue
waste. But here lies more beauty—within this waste, other types of inedible
yet aesthetic elements emerge. Texture,
colour, form are still richly present. The
building blocks of sculptural installations reached out to me.
I wanted to create work that spoke of
these things: the interactions across
disciplines, the hive mind working
towards unknown goals, the nuances
of the individual braided into a larger
textile.
I dehydrated and saved it all. I created
pieces like stained glass from ombréhued kombucha mothers of rhubarb,
cascara, elderflower. I laminated the

dehydrated membranes then pieced
them into a quilt. The fibres pushed
tightly against the plastic-like embossed
prints. I built a frame from scrap wood
found behind a container city. Thinking
about soft sculpture and the discourse
between a range of materials I added
felt corners and hung the frame with
bright red thread. Gentle reminders that
this space is not just a ‘lab’. Yes, we were
once on a houseboat, but this textile
piece speaks to the wunderkammer, the
cabinet of curiosities that its inhabitants are creating. From meat curing in
wax, to jars of insects and dehydrated
frogs—there is nothing sterile about
this place.
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Inspired by conversations about phylogenetic diagrams, recursive cycles, and
the constraints of language, I made a
mobile. I used dehydrated food waste,
the weighted ornaments ranging in size
and colour. Tomato pulp in cadmium red,
creamy sauerkraut, plum and sencha
greens, a spinning galaxy of vegetable paper. Hung from red thread the
mobile gave a nod to its mothership,
the quilt that now hung parallel along
the ceiling, joining the kitchen and desk
spaces.
Building these sculptures brought up
questions about the importance of aesthetics when it comes to the complete
sensory experience. The non-edible
aspects of a space, a dish, or any experience not only inflect the edible but also
form it. Our connection to food goes
beyond taste and aroma. The senses are
heightened or diminished by the visual,
olfactory, and tactile. With multi-sensory
perception in mind, I created an event
around kombucha mother projections,
curated sounds, and a variety of kombucha cocktails, sorbets, and gelatins.
This culminating party allowed me to
show my colleagues and friends what I
had been working on over the previous
three months, and the relationships between my work on kombucha mothers
and the installations for the lab space. It
brought together a mix of people from
across the city, each bringing something
unique into that vibrant night in our
courtyard, lit with projected visuals, filled with dulcet sounds and the chatter
of friends and strangers, and warmed
with a reminder to soak it in and enjoy
the surprises of the edible.
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Birch buds
January 6, 2016

By Josh Evans
It was in the heart of winter of 2013, just
after solstice. Guillemette and I took up
to Nordskot in Norway, above the Arctic
Circle, to visit our supplier Roderick
Sloan for the first time.
The sun would not rise, per se—more
approach the horizon asymptotically
from below, hover for a while under the
glow, and descend again. There was, for
a few hours if there was also luck, some
light, and none of it direct.
Sometimes we used our brief day out on
the water, checking sites, scouting new
ones. Others we spent walking the wet
heath, fishing with the kids at the fjord’s
inlet, and stumbling upon things surely
known to others but not, at that time,
to us.
The birch bud was the primary one.
Birch trees surround Roddie’s property.
As we walked through the brush we
would absent-mindedly pick a twig, a
leaf, or in this case, a bud so aromatic
the resinous smear stayed on our fingers
hours after crushing it.
This small discovery prompted a few sole-purpose excursions to pick as many as
we could before our bare hands would
refuse from the cold. The trees were
mostly short and dense, which made
them easy to pick from, and everywhere,
which made it easy to not over-harvest
from any one.
After picking, the best and easiest way
we had to preserve their potency was to
pound them with salt. This seemed to
retain their powerful aroma and yielded
a fine salt with a satisfying moist feel.

Then, in April/May, Guillemette went up
to Jämtland in Sweden to spend some
weeks working with Peter Blombergsson—perhaps more popularly known as
’the Duck Man’, through his relationship
with Restaurant Fäviken—and his ducks.
There, the birch buds had still not yet
begun to open, and she managed to pick
quite a good amount and this time put
them into tincture.
We have noticed, while harvesting buds
at different times and from a few different places, that the buds seem to be at
their best—most aromatic and least bitter—deepest in winter and often further
north, where and when the weather is
coldest, long before any sign of spring
begins the transformations that lead
them to unfurl into new leaves.

L to R: Guillemette; Pawel, Roddie’s
assistant; and Roddie.

After experimenting casually with the
salt and tincture, we settled on a way
to incorporate the sweet, heady aroma
into a dish. We presented it with dessert
at The Science of Taste Symposium at
the Royal Danish Academy of Arts and
Letters in August 2014: lemon verbena
koldskål with freeze-dried berries, lemon
thyme sugar, kammerjunkere, and the
birch bud tincture vaporised over the
tables as it was served.
This little gem continues to hang
around the lab finding its way into
different things, and it’s about time to
share it.
For more on birch, check out some of our
other work with the sap, bark, and the
chaga fungus.

We returned to the lab in January excited with our find. It proved versatile.

| NORDIC FOOD LAB | SIDE 359

BLOG POSTS

Sex on the Beach
January 13, 2016

By Josh Evans and Guillemette Barthouil
It must have been in the spring of 2013
when one of our hunters, Jesper Shytte,
brought on board a beast none of us
had ever worked with in the kitchen.
Late April and early May, he told us, was
the best time to hunt beaver, and he had
brought us one, along with its castor sac
and a sample of castoreum tincture he
had made.
We cooked the tail for staff meal (it
takes some finesse, we later learned; Jesper has since offered to show us how)
after immediately popping the castor
sac into 70% ethanol to make tincture
our own.
Castoreum is the secretion of the castor
sacs of the Eurasian and North Ame-

The beaver tail, prior to cooking

Castor tincture, day 0
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rican beaver (Castor fiber and Castor
canadensis, respectively), which they
mix with urine to mark their territory.
Beavers have been valued for centuries
in Europe and North America for their
pelts, their castor sacs, and their flesh.
Castoreum has a particularly long
history of use. It was used as a medicine
at least as early as ancient Rome and as
late as the early 20th century [1], and is
still used today as a perfume and food
additive for its notes of leather, vanilla,
smoke, and musk. In fact, beaver became
so popular that by the middle of the
19th century many European populations had been trapped to near extinction [2]. They then became protected
in many areas of Europe to allow the
populations to recover, and now, after
around 150 years, the conservation has
been a great success—the International
Union for the Conservation of Nature’s
Red List now lists both species under the
category of ’Least Concern’. Many populations have bounced back—in some
places even becoming so populous that
they are crowding out other species and
are beginning to have some detrimental
effects on forest and riparian landscapes. They are, after all, quite efficient
tree-cutters and river-dammers. Many
areas of middle and northern Sweden
are just such places, which is where
Jesper found himself that spring, hired
to help keep certain overactive beaver
populations ’in balance’ with the local
ecosystem (an idea which is of course
also a contestable ideological position—
that humans not only have access to
knowledge about this ideal, singular,
and stable ’state of balance’, but that
we also have the power to orchestrate
it, with or without disinterest—the
ultimate neoliberal ’Nature’ [3]).
“Wildlife emerges through ecologies of
becomings, not fixed beings with movements of differing intensity, duration,
and rhythm. Wildlife is discordant, with
multiple stable states. It is not in any

permanent balance. It is shaped by but
divergent from the past, multinatural in
its potential to become otherwise.”
— Jamie Lorimer, Wildlife in the Anthropocene: Conservation after Nature
Hunting beavers is not yet allowed
again in every member state of the
EU, but in Sweden it is from the 1st of
October to the 10th or 15th of May (the
former in the south, the latter in the
north). One may only hunt them with
rifles [4].
Working with the beaver and its castoreum has fed into a larger ongoing
conversation at the lab about humans’
roles in ecosystems, and the different
ways we participate in eroding, maintaining, and contributing to biodiversity—intentionally and not. Is it possible
to use responsible, ecologically-attuned
hunting as a way of participating in and
contributing to flourishing ecosystems?
If so, how? And how can we use taste
and cooking as one way to give value
and respect to the creatures we hunt
and to ensure, for example, that nothing
goes to waste? These are not new ideas
by any means, but it is surprising how
far some contemporary policy and public opinion has strayed from this idea.
We think it is more than time to bring
it back. For a conversation between
Roberto and our hunter friend David
Pedersen on the role of hunting and the
hunter in contemporary eco-conservation, take a listen to our NFLR podcast
’Two white flies’.
Since starting that first tincture in 2013,
the big glass jar of alcohol sat on one
of our shelves, an inscrutable specimen
slowly disappearing in a darkening veil
of brown. We opened it up now and
then, to smell the particular smell and
keep it floating in our minds.
Finally, in June 2014, Guillemette and I
decided it was time for something to be
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done. Given we already had the castor
in alcohol, it seemed perfectly natural to
follow that to its logical end and make a
cocktail. We have been interested in tinctures and perfumery for some time, with
Ben and Justine working on different
techniques, so it seemed like a great way
to incorporate some of these methods
of aroma extraction, like enfleurage and
absolutes, into a recipe. We had also
learned the beavers use castoreum to
attract mates, which echoes its use in
perfumery as an attractive, musky base
note. At last we had an excuse to make
an NFL version of Sex on the Beach.
After a few very serious experimental
trials, this is what we came up with.

Sex on the Beach, NFL-style
· 400 ml high-quality vodka
· 58 ml dulse snaps (we used one made
by Schumacher Brændevin)
· 58 ml beach rose absolute
· 50 ml beach rose vinegar
· Castor sac tincture

Beach rose absolute

Enfleurage. Mix 50g of cocoa fat powder
with 10g of fresh unblemished beach
rose petals. Replace petals with fresh
ones every day for one week. Then wash
the fat with a small amount of 70%
ethanol to obtain the absolute.

Beach rose vinegar

· 50g rose beach petals
· 450g apple balsamic vinegar
Put the ingredients together in a vacuum bag and vacuum on full seal.
Mix first four ingredients together and
store in a sealed glass bottle in the
freezer.
Prepare glasses by frosting in the freezer
(I believe the ideal shape may be a minicoupe). Place glasses on the counter and,
using an atomiser, spray the castoreum
tincture once or twice over the glasses, so the vapour settles in and on the
glasses. Then fill with desired amount of
cocktail, straight from the freezer. Serve

immediately.
We wanted to incorporate the beach
rose in two different ways, to highlight
how different methods can be used to
extract different registers of aroma. The
absolute uses neutral fat to absorb the
lipid-soluble volatile molecules, which
are then dissolved out of the fat with
the ethanol wash. The vinegar, on the
other hand, absorbs the water-soluble
volatile molecules, which are then held
in the acidic solution. We also made a
cordial to investigate how sugar affects
aroma extraction from the rose, but
didn’t end up using it—we had enough
rose aroma and Guillemette and I like
our cocktails spirit-forward and dry.

Jesper’s tincture and ours

Aside from name, and perhaps the
vodka, in no way does this recipe bear
any resemblance to the actual cocktail.
We’ll let the community decide if this is
a good or bad thing.
Months after making this recipe, I
learned that there is already a hunters’
tradition in Sweden of making snaps
with the castor sac, called bäverhojt in
Swedish (lit. ’beaver shout’). There truly
is nothing quite new under the sun...

Starting our mixing experiments..

Stay tuned for some further castoreum
exploits...
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Aged Butter part 1: background and basics
January 21, 2016

By Johnny Drain
This series is about oxidation, rancidity,
and making aged butter. In this first
part, I’ll give some background about
butter, rancidity, and the cultural context
for eating aged butter. In the second
part, I’ll explore the science of oxidation
in fats and the safety of eating them. I’ll
then describe the results of my work on
culturing butters with unusual sources
of bacteria in Part 3 and on aging butters in Part 4.
Butter. A symbol of purity in India and
of depravity in the hands of, amongst
other things, Marlon Brando.
Butter is a vector for taste. It carries fatsoluble flavour and odour compounds
and therefore facilitates the expression of non-water-soluble flavours and
aromas, such as of spices and herbs, in
our food. In this role it is a workhorse of
many classical canons of cookery, most
notably that of France.
It’s also delicious as a primary, characteristic flavour in its own right: cultured
butter, made by culturing cream with
lactic acid bacteria prior to churning,
has a gently refreshing acidity and rich,
well, butteriness.

The Project
My project at the lab focused on butter,
but not normal butter: aged butter.
I started thinking about this when I
made a salted caramel with butter that
had been kicking around my fridge for
a little too long. The outer surface had
yellowed and it smelled slightly sweet
and a little goat-like, but I thought it
probably wouldn’t affect the flavour of
the caramel. I was wrong. The caramel
was very tasty, but with some unusual,
subtle, savoury, meaty notes (step aside
bacon jam).
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Mounds of glorious smen in a Marrakech souk.

Most people, including myself, would
find the idea of eating ‘rancid’ butter
stomach turning. However, as I dug into
what rancidity was, and whether it is
even okay to eat old butter, I found a
2011 study by sensory scientists at UC
Davis [1] that found that 44% of tasters
preferred olive oils with some degree of
rancidity, and, furthermore, that one of
the compounds found most prominently in rancid butter—butyric acid—is also
found in significant amounts in sheep
and buffalo milk, and a wide range of
cheeses, including Roquefort, Limburger
and Gruyère [2].
Similarly, American peanut butter, which
contains rancidity-prone polyunsaturated fats, can taste rancid to nonAmericans; yet the US is said to spend
a whopping $800 million a year on the
stuff. “In some cases, we [Americans]
have gotten used to rancid flavours,”
says food science writer Harold McGee,
”so we assume that they are normal.”[3]
So perhaps, I thought, many people’s
attitudes to certain funky, mildly rancid
flavours are unnecessarily negative?
Maybe there is scope for making butters

with some controlled degree of rancidity, to develop and accentuate certain
desirable flavours?
Conscious that this might be a hard sell
for even (or perhaps especially) the most
ardent of butter lovers, I was heartened
to find that precedents do exist—some
cultures like aged flavours in fats and
have developed culinary uses for them.
In Morocco, highly-prized ‘smen’—or as
it is sneeringly called in French, beurre
rance—is made by mixing normal
butter with herb-infused water (often
with oregano), leaving it overnight,
straining, and then aging for anywhere
between a couple of months and several
decades. It has a texture similar to that
of normal butter but tastes like a spicy
blue-cheese or Parmesan rind. The oftrecounted story is that families would
make a batch of smen on the day their
daughter was born, and only open it to
stir through the ceremonial couscous on
the day of her wedding. It is also known
as a signifier of wealth, with reports of
royalty hoarding smen [4]. From my own
trials, roasting chickens in it and adding
some to stews or stocks (indeed, as is
often done with parmesan rind) also
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works wonders: it adds a rich, unique
complex flavour that would be difficult
to attain with any other combination of
ingredients.
It is also of note that Yak’s butter, which
forms a central part of the Tibetan diet
in butter tea and tsampa dumplings, is
often described by westerners as tasting
‘rancid’, and that slight rancidity is part
of the flavour of traditional confit [5].
Perhaps the closest northern European
analogue to smen is bog butter—butter
packed into barrels and buried in peat
bogs, a tradition known in Scotland, Ireland and Scandinavia, but which seems
to have died out before the 19th century—despite the fact that the acidic,
anoxic environment of the bog actually
prevents, or at least dramatically slows,
oxidation and degradation of the butter.
Looking for more contemporary examples, since starting the project I found
that Zak Pelaccio from Restaurant Fish
and Game in the Hudson Valley, NY, ages
butter brushed with local whiskey and
wrapped in horseradish or turmeric
leaves, so it takes on a gaminess and
sherry-like nuttiness, and then whips it
with fresh yoghurt. Furthermore, Matt
Lightner from Atera in New York ages
butter made from cream cultured with
cheese rind for a week at room temperature.
So, while examples of aged butters can

Freshly churned butter. The milky droplets
are buttermilk, the liquid that remains
once the butterfat has coagulated.

be found throughout the world, they
have limited notoriety, popularity and
availability. In marked contrast, cheeses
such as Gorgonzola, Roquefort and Stilton [6], in which some of the key flavour
compounds—and the processes that
create them (such as the transformation
of fatty acids into methyl ketones)—are
the same as in rancid butter, are gastronomically prized and appreciated across
the globe.
My project therefore aimed to explore
what we really mean by rancidity, from
a chemical and cultural perspective,
why old butter seems to have developed
such a bad rep whereas cheeses with
similar compositions are celebrated,
and, ultimately, whether mild, controlled rancidity in butter can be a positive
hedonic quality.

Butter Basics
First, a little overview of what butter is.
Its composition is normally a minimum
of 80% fat, 15–17% water, and 1–2% other
stuff—non-fat milk solids—which includes milk proteins, phospholipids, free
fatty acids, calcium, fat-soluble vitamins
(A, D and E), and fat-soluble pigments
such as carotenoids that give butter
their colour. The more carotenoids, the
more yellow the butter; goats milk contains few carotenoids and is therefore
much paler than that of cows. Butter
contains only small traces of lactose

so, like many cheeses, it’s suitable for
lactose intolerants, but people allergic to
milk proteins should avoid both.
Cream, the precursor to butter, is an oilin-water emulsion. Churning damages
the protective layer of phospholipids
and milk proteins that cover the fat
globules, and which normally prevents
them from coagulating. With these
protective layers broken, the fat globules
coalesce into a solid mass—butter, a
water-in-oil emulsion.
The fat in butter (and milk) is composed
primarily of triglycerides. Triglycerides
are shaped a bit like the letter ‘E’ (Figure
1). They have a backbone of a glycerol
unit, with one fatty acid chain bonded
to each of its three oxygen atoms—this
arrangement of bonds make it what
chemists call an ester, or more specifically a triester. Triglycerides are the
central component in vegetable oils and
animal fats [7], and are also found in
human skin oils [8].
In all triglycerides, the glycerol backbone is always the same, but the length
and composition of the chains dictate
the properties of the fat. The fatty acid
chains are made of links of either single
or double carbon-carbon bonds. When
all these bonds are single carbon-carbon
bonds we call the chain saturated, but
if there are one or more carbon-carbon
double bonds we say it is unsaturated.

Figure 1. Short- and medium-chain saturated fatty acids.

| NORDIC FOOD LAB | SIDE 363

BLOG POSTS

Fats with more unsaturated triglycerides, such as vegetable oils, tend to be
softer, while those with more saturated
triglycerides tend to be firmer. Butter
is mostly saturated triglycerides and
is therefore solid at room temperature. Importantly, unsaturated fats are
more prone to rancidity than saturated
ones, hence butter is more resistant to
rancidity than, say, soy or sunflower oil.
(‘Trans-fats’ refer to the stereochemistry
of unsaturated fats, but we won’t be
going into that here.)
If the bonds between the fatty acid
chains and the glycerol backbone break,
this liberates ‘free‘ fatty acids, which are
key to the development flavours (’good’
and ’bad’) in fats. But I’m getting ahead
of myself, more on that in Part 2.

A Short History of Butter Making
The word butter comes from the Latin
butyrum, which in turn comes from the
Greek bouturon (where bous means
‘grazing ox’ and turos means ‘cheese’)
[9]. However, its manufacture, with
sheep and goats’ milk rather than cows,
can be traced back 4,000 years, meaning
it predates olive oil.
Like many of the foods we eat, butter
likely started off as a way to preserve
nutrients—in this case, by extending
the shelf life of milk in a rich, delicious,
energy-dense way. Northern Europe,
with its combination of pastures for
livestock and cool climates, was perfect
for butter, but in the hotter climes of
southern Europe, butter spoils more
quickly than cheese. Perhaps for this
reason, the Greeks and Romans were
a little snooty about the stuff and
considered it to be food for northern
barbarians. Greek comic poet Anaxandrides referred to Thracians as boutyrophagoi or “butter-eaters” (admittedly,
other scholars said far meaner things
about them), while Pliny the Elder, in
his Natural History, calls butter “the
most delicate of food among barbarous
nations”, and then proceeds to describe
its medicinal properties. Interestingly,
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Galen described butter purely as a medicinal agent rather than as a food—a
notoriously tricky distinction best left
for another time, but suffice it here to
say the awareness that butter is good
for you is millennia-old.

Introduction to rancidity and oxidation:
One of the central questions of the
project was: what do we mean by
‘rancid’? As I explored this, I realised
that there are in essence two relevant
meanings—a more scientific one and a
more cultural one. The two are not well
correlated, and there lacks, among the
general populace, including myself and
most of us at the lab, a coherent lexicon
to describe the latter.
Something rancid is typically defined
as smelling or tasting unpleasant as a
result of being old and stale, which is of
course incredibly subjective: when we
describe something as rancid what we
often mean is “this tastes too old/weird
for me” or “I am not willing to eat this”.
Context is a critical factor in determining what we think is palatable. I’ve
discussed some examples of rancid
butters above but, more widely, encouraging rancidity is actually not such a
crazy idea: Cognac and Armagnac are
both aged to develop ‘rancio’ character,
which derives from oxidative processes [10]; in the UK, butter for toffee was
often stored to develop some rancidity,
to produce a more desirable stronger
dairy flavour; and in the USA, chocolate
manufacturers encourage their milk fat
to undergo some rancidification by fatdigesting enzymes to develop modest
cheesy and animal notes which enhance
the complexity of the chocolate’s flavour
[11]. In analogous processes, the enjoyment of many nuts is augmented by
roasting-induced lipid oxidation, which
cause the development of new flavours
[12], and highly prized Sherry, Marsala,
Vin Jaune, Maury, Banyul and Madeira
wines rely on flavour development via
oxidative processes [13]. In particular,

because Madeira wines are so oxidised
there is little scope for further oxidation
and they are very stable, meaning that
they can be stored for many years before
being enjoyed.
In all these cases, particular audiences
of people enjoy the results of ‘rancidity’—the flavours and value it adds to a
product—without thinking of it as such.
Furthermore, despite the words ‘rancid’
and ‘oxidised’ being more typically used
in general parlance to imply negative
hedonic qualities, there are also cases
(eg. ‘rancio’ and ‘oxidised’ in the context
of some wines and spirits) where the
same words are used to describe positive attributes. Nonetheless, my experience of explaining to people the concept
of this project showed me that phrases
like ‘rancid butter’ and ‘oxidised fats’ do
typically elicit a pained expression, and a
sudden unwillingness to let me cook for
them. So, if we want to develop a delicious, mildly oxidised, hedonically-positive
butter—which has a flavour profile
similar to cheeses that we know people
love—then perhaps the first step should
be simply to not describe it as ‘rancid’,
or even the somewhat more technicalsounding but not entirely neutral ‘oxidised’ (more on the intricate chemical
and linguistic relationships between
‘rancidity’ and ‘oxidation’ in Part 2). We
could instead, for example, use the term
‘aged’ to draw parallels with the worlds
of cheese and wine, where instances of
similar physico-chemical processes elicit
positive hedonic response.
Additionally, cultural priming is important, and people from different cultures
have very different levels of sensitivity to
rancidity. We have seen how Moroccans
prize smen, yet for their French colonisers beurre rance was barbaric, offensive
stuff. Roland Barthes, no less, writes on
the subject:
”One day I was invited to eat a couscous
with rancid butter; the rancid butter
was customary; in certain regions it is
an integral part of the couscous code.
However, be it prejudice, or unfamilia-
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rity, or digestive intolerance, I don’t like
rancidity. What to do? Eat it, of course, so
as not to offend my host, but gingerly, in
order not to offend the conscience of my
disgust…”[14]
Barthes raises the notion of disgust
which is key to understanding what
rancidity is, and isn’t. As Rozin and Fallon note, ”It is the subject’s conception
of the object, rather than the sensory
properties of the object, that primarily
determines the hedonic value.”[15]
Thus, disgusting foods need not even
have negative sensory properties: many
people find the idea of eating some
animal species (rats! dogs! horses!
snakes!) revolting, and yet, from a
nutritional and sensory perspective, they
are pretty similar to those that they are
perfectly happy to eat (piglets, sheep,
cows, geese). Put another way, even stuff
that tastes good can be perceived as
disgusting. Rozin expands:
”The sense of disgust that overwhelms
someone who bites into a wormy
apple—the feeling of revulsion, the
spewing of chewed apple pieces, the approach to the brink of vomiting—is not
brought on because the worm tastes
bad. The half worm is ’found’ by seeing
it writhing in the bitten apple; it is not
tasted at all.”
Elicitors of disgust vary enormously
from culture to culture, and to a lesser
extent from individual to individual
within cultures (with some possible
exceptions, such as vomit and faeces, which may be universal disgust
objects—though surprisingly there is
limited evidence to support this notion)
[16].

Some conjecture on cheese and butter
Pondering the relationship between
cheese and butter, I became deeply
interested in why rancid butter and
blue cheese, for example, are regarded
so differently. Why is there widespread
cultural acceptance for one but not the
other? Here are some ideas—granted,
they are speculative.

Firstly, butter requires more raw ingredients. It takes 20 litres of milk to make
1 kg of butter, but only 10 litres to make
1 kg of hard cheese, and even less for
softer cheeses: 1 kg of Brie might require
7 litres [17].
Secondly, the milk from which cheeses
are made has long been readily available
in significant amounts and people have
had time to perfect strong-tasting, challenging varieties of cheese, and their
appreciation has been firmly embedded
in the cultures that produce or import
them. In contrast, cream was historically
very much a luxury and only available
in smallish quantities until the late 19th
century when mechanical cream separators were invented. Prior to this, using
traditional shallow setting pans, which
could only handle a modest amount
of milk per batch, it would take 3 days
to generate a small amount of cream.
The method was time-consuming and
unreliable; the cream could easily sour
in the process. However, once De Laval
invented his continuous cream separator in 1878, the cream could be separated
from 150 kg milk in just one hour.
Thus, until relatively recently, making
butter was more expensive and impractical than making cheese, meaning that
the resulting product was more precious
and valuable, and so people might have
been less willing to let it age or develop
unusual flavours and aromas. Without
widespread cultural precedent for
enjoying it—we have highlighted a few
pockets of the world where the tradition
did develop—aged butter seems to have
been largely overlooked as a source of
deliciousness, and rather become one of
Rozin’s “objects of disgust”.
Compounding this issue could be the
central role that butter plays in the classic French cooking that has exerted such
strong influence over global gastronomy, and via a trickle-down effect to
ordinary households in many regions, for
such a long time. With France’s wealth
of delicious, funky-tasting cheeses—
which provide plenty of sources of goaty,

DeLaval cream separator.

A sampling of various aged butter trials

meaty, methyl ketoney flavours—perhaps there was little motivation to
explore the aging of butters to create
new, alternative additional sources of
these flavours, especially when butter
was already in high demand, used in baking, basting, sauce-making and pastry,
and being eaten as a condiment in its
own right. Contrast this with Morocco,
where butter plays a far less critical role
in the cuisine and there is a notable lack
of aged cheeses; the complex flavour
profile that smen can add to a dish sits
quite uniquely amongst other traditional foods of the region.
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Stay tuned for Part 2 of this series, in
which I will explore the science behind
rancidity, what it means chemically and
linguistically, and how safe it is to eat
aged fats.

[6] Belitz, HD. & Grosch, W. (2013). Food
chemistry. Springer Science & Business
Media, 502.

tile profile including HMF level in sweet
almonds (Prunus dulcis), Journal of Food
Science, 77(4), 461–468.
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Aged Butter part 2: the science of rancidity
January 26, 2016
By Johnny Drain
This series is about oxidation, rancidity,
and aging butter. In Part 1 I gave some
background about butter, rancidity and
the cultural context for eating aged
butter. In this second part, I’ll explore the
science of oxidation in fats and the safety of eating them. I’ll then describe the
results of my work on culturing butters
with unusual sources of bacteria in Part
3 and on aging butters in Part 4.

chemical processes in foodstuffs we
regard as delicious. From a scientific
perspective, rancidity can be defined a
little more strictly, though we will see
that discussing the science of rancidity,
oxidation, and their relationship to each
other can still become unclear. In this
post, I will outline some of what we
know of the science behind rancidity
in fats and examine whether such fats
are safe, and indeed where they already
enter our diet.

In Part 1 of this series, we examined
how rancidity, culturally speaking, is
rather poorly defined: foodstuffs can be
seen as rancid depending on historical
precedent and context, even though
they may involve similar or identical

‘Rancidification’ can be broadly defined
as the development via chemical
transformations of new, sensory-active,
often hedonically-negative compounds
that don’t play a significant role in a
food product’s expected/desired sensory
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profile. More specifically, with respect
to fats and oils, it refers to the decomposition of triglycerides by hydrolysis
and/or oxidation into free fatty acids,
which can then break down further into
a wide array of flavourful compounds
[1]. The majority of this second post will
be devoted to digging into the technical
details of this definition, which we can
use to start to understand why old butter is deemed ‘rancid’ but blue cheese
is not, even though the same chemical
processes may have taken place in both.
In rancid fats, the characteristic tastes
and smells come primarily from the
short- and medium-chained free fatty
acids, whose carbon chains contain 12 or
fewer carbon atoms (those with more
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are generally tasteless). Of these, the
acrid-tasting, sweet- and goaty-smelling
butyric acid (CH3CH2CH2-COOH, i.e.
4-carbon free fatty acid) is the primary
culprit (Figure 1). In small quantities
it can make positive contributions to
flavour profile—it is found in sheep,
goats and buffalo milk, Parmesan and
mozzarella, and kombucha—but in
larger concentrations is offensive: it can
be used to make stink bombs and is the
primary smell in human vomit.
Around 4% of fresh butter is made of
a triglyceride of butyric acid, and when
this breaks down the butyric acid is liberated and we can smell its sickly, caprine
smell. Other responsible free fatty acids
include caproic acid (6 carbons), caprylic
acid (10), and capric acid (12)(Figure 1).
The shared goat-related Latin stem gives
you an idea of what they smell like!

butter can turn rancid even if stored
in the fridge or a cloche, if it has been
previously exposed to light or oxygen.

Figure 1: Short- and medium-chain saturated fatty acids.

Other compounds that contribute to
rancid flavours in degraded fats include
acetic acid, peroxides, alcohols, aldehydes and ketones. There are three main
pathways responsible for the breakdown of fats and for the formation of
these compounds that contribute to
rancid flavours. Their principal mechanisms are well-characterised, although
their precise effect on flavour are still
not fully understood.

Oxidation
The most important rancidity reaction
pathway in butter is oxidation (Figure
2). Oxidation of fat involves cascades
of free radical reactions that cause the
C-C double bonds of unsaturated fatty
acids to break. This releases peroxides as
primary reaction products, and subsequently alcohols, aldehydes and ketones,
as secondary reaction products, which
can then degrade further into various
volatile products. The primary oxidation
products have little or no effect on taste
and smell, but the subsequent reaction
products do. Oxidation reactions can
be initiated by oxygen in the air or light
(photo-oxidation), and are catalysed by
metals; they are chain reactions that can
propagate in the dark once started—so

Figure 2: Schematic of a lipid oxidation chain reaction.
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Hydrolysis
The second critical reaction pathway
that causes the degradation of fats
involves hydrolysis by water and heat
of the -O-alkyl ester bonds of a triglyceride to liberate free fatty acids, such as
butyric acid, from the glycerol backbone
(Figure 3). Polymerisation of the free
fatty acids can then lead to the gummy
deposits found on utensils used to store
or cook with used cooking oil.

Enzymatic lipolysis
Spoilage of fats can also be caused by
microbes, or certain enzymes—lipases—
they produce. As mentioned in Part 1,
many of the compounds found in rancid
fats, and the processes that form them,
are critical to flavour development in
aged cheeses. For example, moulds that
are introduced to blue cheeses, such
as Penicillium roquefortii in Roquefort, produce lipases that break down
triglycerides via hydrolytic reactions to
create short-chain fatty acids, leading to
spicy and peppery flavours. Enzymatic
lipolysis also plays a key role in flavour
development of hard cheeses such as
Fiore Sardo and Pecorino, in which the
lipase comes from the rennet paste
used to initially coagulate them [2]. At
this point, it’s probably also worthwhile
dwelling on the primary chemical difference between cheese and butter:
cheeses contain significant amounts of
protein, whereas butters don’t. Therefore, proteolysis (the breakdown of
milk proteins such as casein into amino

acids and then volatile compounds) is a
significant flavour formation pathway in
cheese, but not in butter.
Terminology!
Now that we have established the
chemical processes that can lead to
rancidity, it is worth returning to the
issue of terminology, specifically the
distinction between the words ‘rancid’
and ‘oxidised’.
The first issue is that, in common
parlance, they are sometimes used interchangeably. This conflation is not wholly
incorrect: it is possible to have rancid
fats that have been degraded entirely
by oxidative processes, and to have oxidised fats that are rancid. However, this
is not always the case: it is possible to
have a fat that is rancid but that has not
been oxidised (if it was degraded purely
via hydrolysis), and to have a fat that is
oxidised but not generally deemed ‘rancid’ (if only primary oxidation products,
which one cannot taste or smell, have
been produced, or, for example, as was
highlighted in Part 1 in cases of chocolate- and toffee-making, if the oxidation
leads to added desirable complexity of a
flavour profile).
The second issue is whether positive
or negative attributes can or should be
ascribed to either of the two terms. In
common and scientific parlance, both
‘rancid’ and ‘oxidised’ typically have
mostly negative connotations, but longstanding examples can be found where

they are used to express a desirable,
positive character (most notably in the
world of wine—’rancio’ with respect to
e.g. sherries and cognacs, and ‘oxidised’
with respect to many natural wines).
To make sense of this blurry field, the
key point to grasp is that the two words
describe processes and properties that
are non-binary. Many archetypally
’rancid’ and ‘oxidised’ flavour compounds make important, hedonically
positive contributions to flavour profiles
in quantities below some (ill-defined,
contextual) threshold, e.g. 3% butyric
acid in fresh butter. It’s only if they are
produced in larger quantities, that we
might in common speech start terming
the product in which they are found as
’rancid’ or ‘oxidised’. (As an aside here, it
is interesting to note that the descriptor
’oxidised’ has entered, to some extent,
the popular vernacular but the descriptor ’hydrolysed’ has not and remains the
preserve of the world of science.)
It’s not easy to distill the complexity
with which these terms are used and
understood into something simple,
but we’ve devised a Venn diagram-like
framework, shown in Figure 4, to try to
clarify their interrelations. This diagram
also helps to clarify the central concept
behind the project: can we create a
butter analogue of blue cheese, ‘blue
butter’, which uses oxidation and/
or hydrolysis to develop flavours that
are a) intended/expected/desired and,
therefore, b) not perceived as ‘rancid’ or
‘unpleasant’.

Figure 3: Schematic of the hydrolysis of a triglyceride. The free fatty acids can then break down.
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Figure 4: Framework for understanding the complex interplay between oxidation, hydrolysis and ‘rancidity’, in both scientific and more
general contexts.

Factors affecting rancidity

oxidation reactions [3].

The proneness of butter to turn rancid is
dependent on what the butter is made
of, how it has been made and how it is
stored. The variables include: exposure
to oxygen, light, and heat; the presence
of antioxidants, microbes, and catalysts
(e.g. metals such as iron and copper,
which kitchen implements might be
made of); the water and salt content of
the butter; and the saturation of the fats
in the butter.

Conversely, butters with a higher level
of saturated fats will be more stable
with respect to rancidification. Similarly,
butters that contain more antioxidants—occurring naturally in the diet of
the cows or added at some point during
processing—remain stable for longer.

For example, the oxygen in semi-solid
room-temperature butter can move
through the butter more freely (has
higher mobility) than in colder, more
solid butter: room temperature butter
will therefore, all else being equal,
oxidise more quickly than refrigerated
butter. Furthermore, butters with higher
concentrations of water can spoil more
quickly, predominantly because free
metal ions in the water can catalyse

Antioxidants typically scavenge oxygen
by being sacrificially oxidised, thus
preventing the formation of primary oxidation products. Once antioxidants are
exhausted, the level of primary oxidation products increases. However, these
are not detectable to the human palate.
Therefore, how quickly something turns
rancid can be deceptive. For example,
two samples, one with a much higher
concentration of primary oxidation
products, may taste, look and smell the
same. It has also been found that some
antioxidants—most notably for this
project, some species of seaweeds found

on the Danish coast—serve the extra
function of actually reducing secondary
oxidation products to their original
oxidation states [4].
Modern manufacturing processes
for many foods involve addition of a
panoply of synthetic antioxidants, each
with various strengths and weaknesses: some common ones include
propyl gallate, BHA and BHT. However,
traditionally, many naturally occurring
antioxidants have been used to preserve
fats. For example, studding a ham with
cloves, which contain antioxidative
phenolic compounds, serves to add
flavour but also protect its fats from free
radical oxidation; and slippery elm bark
has been used to preserve bear fat [5].
Furthermore, oats—a good source of
phenolics— might serve an antioxidative effect in the double cream cheese
Caboc (reputedly Scotland’s oldest
cheese, dating from the 15th Century),
which is rolled in toasted oats.
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With the advent of more rapid processing and distribution methods, modern
butters and oils typically reach consumers in a less oxidised state and/or with
more antioxidants intact. For example,
in many places olives were traditionally
harvested in batches and stored, perhaps even for months, until enough had
been collected to press [6]. As a result,
oxidation and fermentation would take
place, and polyphenolic compounds,
which impart the oil with spiciness and
bitterness, would be sacrificially consumed. (Leaving them to rot slightly was
also said to facilitate extraction of the
oil, leading to greater yields.) The resulting oil would be milder and smoother
than the ones that are made today, in
which olives tend to go from tree to oil
in under 12–24 hours.

Is eating ‘rancid’ or oxidised fats bad
for you?
There have been a number of alarming
claims about the harmfulness of rancid
fats, linking them to, among other
things, cancers.
However, much of the research we
found cited alongside such claims has
been extrapolated or is only tangentially
relevant, e.g. experiments performed on
animals in which, in order to produce
measurable levels of adverse effects,
much larger amounts (in relation to
body weight and lifespan) than would
be encountered by humans were used.
Food: The Chemistry of Its Components
highlights this fact, and adds that
“the possibility that lipid oxidation
products are toxic to humans remains
unresolved” and “[despite claims to the
contrary] there is little evidence at the
present time to suggest that oxidized
fats do cause cancer in humans.”[7]
Furthermore, McGee’s On Food and
Cooking reassures us that “rancid fat
won’t necessarily make us sick, but it’s
unpleasant”, [8] and, as mentioned, the
processes through which we make some
cheeses, and the compounds these processes produce, are analogous to those
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that cause rancidity in fats.
Therefore, in essence, the answer to the
question is: no, not in the amounts one
might typically consume them as part
of a balanced diet.

Summary
Given that the chemical processes
responsible for rancidity in butter, and
the flavours and aroma compounds they
produce, are common to and characterise many much-loved cheeses, and that,
furthermore, the perception of rancidity
and oxidation in foods and fats are culturally elastic and context-dependent,
the central hypothesis of this research
was that we could make butter in which
some mildly ‘rancid’ character added
richness and complexity to its flavours,
thus enhancing its gastronomic qualities, uses and value.
For example, could we prioritise one
rancidity pathway over others to produce a desired flavour profile? Could we
stabilise a mildly rancid butter in a given
state using an appropriate combination
of antioxidants or storage conditions?
Taking inspiration from existing products—such as Morocco’s aged smen and
blue cheeses that undergo significant
lipolytic flavour development—could we
reframe rancidity in butter as a positive
quality?
In the next two instalments I’ll detail
the results from our tests that explored whether this was indeed possible:
this involved heaps of bacteria sourced
from unusual places, an interminable
obsession with pH readings, and a lot of
cream.
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Figure 5: Photograph of the telltale translucent layer that develops on the periphery
of slightly rancid butter.
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Aged Butter part 3: culturing butter
February 3, 2016

By Johnny Drain
This series is about oxidation, rancidity,
and aging butter. Part 1 gave some background about butter, rancidity and the
cultural context for eating aged butter.
Part 2 explored the science of oxidation
in fats and the safety of eating them. In
this part I’ll describe the results of my
work on culturing butters with unusual
sources of bacteria, and on aging butters in Part 4.
Found in the biome of healthy intestines, vaginas and faeces, Lactobacillus
brevis might not strike you as the best
thing to make butter with. However, as I
found out, this pervasive bacteria, which
is, reassuringly, also used in beer-making
and pickling, can be used in conjunction
with Finnish viili to make some topnotch cultured butter.

Cultured butter
Butter churned from fresh cream, irrespective of the quality of the cream,
is somewhat bland. To unleash the full
flavour potential of butter, the cream
used to make it first needs to be cultured, that is, allowed to be fermented by
lactic acid bacteria. Lactic acid bacteria,
henceforth LAB, are a family of bacteria
that are used widely in the making of
other dairy products, such as cheeses
and yoghurts, and in the pickling of vegetables (sauerkraut, kimchi, nukazuke),
baking, wine-making, sake-making, and
the curing of fish and meats [1]. Most
European butter is cultured, whereas
much of the butter sold in the USA
is uncultured and is known as sweet
cream butter.
LAB produce lactic acid, which makes
the cream more acidic (lowers its pH)
and can make it taste tangy, tart, and
refreshing. Some LAB can also produce
a variety of aroma compounds, most

notably diacetyl, which can give rise to a
richer, more complex, and characteristically ‘buttery’ flavour. Diacetyl also lends
richness and butteriness to Burgundy
whites and Chardonnays via malolactic fermentation. In beer-making, the
presence of diacetyl was seen traditionally as a flaw, but in recent years have
been reclaimed by some contemporary
brewers as a desirable taste property—
a notable precedent for the current
project, and how we hope to encourage
people to re-examine how oxidised and
rancid characteristics might contribute
similarly positive properties to butter.
Unpasteurised milk, and therefore
cream, naturally contains a variety of
LAB strains, alongside many other microbes. LAB are also present in the air, on
plants, on our skin, and all around us;
traditionally, spontaneous culturing of
cream in an open vat was how cultured
butter was made. Today, cultured butter,
even that made by non-industrialised
processes, is often made from cream
that has been pasteurised and then had

cultures of known bacteria added to it.

Lactic acid bacteria
During fermentation, LAB use lactose
(milk sugar) to make ATP energy for
themselves: a by-product of this process
is lactic acid. LAB can be split into two
groups: mesophilic LAB, which thrive at
~25–30˚C, and thermophilic LAB, which
thrive at higher temperatures, ~38–45˚C.
Thermophilic LAB are used typically
to make yoghurt, whereas butter is
typically made with mesophilic LAB.
Some common LAB starter types used in
butter-making are given in Figure 1.

The project
As the first step of the project, I wanted
to create a flavoursome ‘base’ butter
that we could use as the starting point
for making the aged butters that I’ll
discuss in Part 4.
Having read about chefs at Atera, NYC,
making butter cultured with rinds of

Figure 1. Classification of lactic acid bacteria commonly used in culturing butter and
yoghurt
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washed-rind cheeses (Josh tried it made
with ‘Arpeggio’), and Patrik, the Butterviking, making butter with cream cultured
by having the chefs at Noma dunk their
hands in it, I was interested in exploring
butters cultured using unconventional
sources of LAB.

Viili
A few months before I arrived at the lab,
Edith had done a project on Finnish viili,
a yoghurt-like substance, often described as “ropey milk”, that is produced by
a colony of symbiotic microbes (just like
kefir and kombucha).
While variations between different viili
cultures almost certainly exist, in general they are said to contain Lactococcus lactis subsp. cremoris, Lactococcus
lactis subsp. lactis biovar. diacetylactis,
and Leuconostoc mesenteroides subsp.
cremoris. It is the latter, which produces
exopolysaccharides such as dextran,
that is the source of the slimy texture of
viili and other similarly ropey fermented
foods.
As can be seen from Figure 1, with these
three bacteria present, viili is very similar
to a mesophilic LD-type starter, but
without Lactococcus lactis subsp. lactis.
That is, it is very similar to many starter
cultures that are used to make cultured
butter.
Viili also contains Geotrichum candidum, a fungus found on many
bloomy-rind cheeses, most famously
Camembert, and which gives viili its
characteristic white, velvety surface.
Meanwhile, on the surface of fruits and
vegetables such as peach, nectarine,
tomato, carrot and lemon, Geotrichum
candidum can also cause Sour Rot leading to slimy secretions, also from the
production of exopolysaccharides. But
we’re more interested in the former.

Viili butter
With the addition of a few rounds of
fresh milk, I was able to nurse Edith’s viili
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cultures back to full strength within a
week, and used them to inoculate some
cream. The butter I made with the viilicultured cream was buttery, but tasted
slightly musty, like old hay: not so good.
Furthermore, after 48 hours, the pH was
only ~5.1 and it lacked the characteristic
tang of a really good butter: it was clear
that we needed to adjust the LAB in order to make the cream more acidic. This
was important not just for taste but
also for safety: culturing cream to a pH
of ~4.2–4.5 ensures that it is inhospitable to pathogenic microbes.
Our approach was to complement the
viili by adding lactic acid-producing LAB
commonly used in beer-making. We
already had samples of these in the lab
(because of previous brewing projects)
and they were particularly well-suited to
our aims because they are commercially
available in monocultures and can be
stored stably for quite a long time.
The beer-making LAB we used included:
Pediococcus damnosus (sours and produces diacetyl); Lactobacillus delbrueckii
(produces moderate acidity and sour
flavours found in lambics, Berliner Weiss,
sour brown ale and gueuze); and Lactobacillus brevis (typically produces more
lactic acid than L. delbrueckii). Though L.
brevis is found in some cultured butters,
it is not one of the most commonly used
LAB, despite its ability to produce significant amounts of diacetyl [2].
In combination with the viili, the L.
delbrueckii produced great cream and
butter, but the L. brevis produced even
better results (richer, more buttery).
In contrast, the P. damnosus produced
cream that had an unpleasant bready,
yeasty aroma and did not acidify to a
safe level. I also tried culturing cream
with only L. brevis (i.e. no viili), but
this produced a cream that was bitter,
cheesy and tasted slightly of toasted
rice: it was the LAB and fungus in the
viili in combination with the extra kick
of acidity provided by the L. brevis that
gave rise to the best possible butter

Figure 2. Viili.

Figure 3. Viili surface with Geotrichum
candidum

Figure 4. Lower left: Viili/brevis butter; Upper left: Villi/brevis butter, ‘underchurned’,
à la Butterviking’s Virgin Butter; Right:
Caraway and cascara butter
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from our tests.

A brief digression on Lactobacillus
brevis
Like many bacteria, L. brevis has a multitude of uses:
- It’s found in pickles and kefir
- It’s used in beer-making, but an abundance of it leads to spoilage
- It’s found in the microbiome of healthy
oral cavities [3], vaginas [4] and faeces
[5] of humans
- Its ingestion has been shown to improve human immune function [6]
- Multiple strains have been patented
for use in various novel technologies,
often in probiotic systems [7]

Recipes
Basic butter: viili + L. brevis
· 500 g pasteurised, unhomogenised
cream (Naturmælk’s 38% piskefløde,
pH 6.9)
· 5 ml Lactobacillus brevis culture (White
Labs WLP672)
· 20 g viili starter
1. Mix ingredients in a sterile container.
Leave at room temperature for 48 hours.
The final pH should be ~4.5, and the
temperature of the cream should be
stable at ~24˚C throughout.)
2. Churn in a stand mixer with a dough
hook until the butterfat and buttermilk
separate. Pour off the buttermilk and
save.
3. Work the remaining buttermilk out
of the butter with a wooden spatula (a
process known as ‘throwing’), washing
periodically with fresh water.
4. Add salt to taste.
Yield: ~200g butter, ~250g of buttermilk.
The viili/brevis butter is intensely buttery, deeply creamy, tart and a little
fudgey.

Caraway and Cascara Butter
Jason’s work on tea and coffee ana-

Figure 5. Cascara

Figure 6. Cascara tea

logues and a chance encounter with
Anette Moldvaer from Square Mile
Coffee led to us receiving some bags
of cascara (thanks Anette!). Cascara
are the dried skins of coffee cherries, a
by-product of coffee bean production. In
addition to brewing tea with them, we
noted that their flavour complimented
that of caraway, a member of the
Apiaceae family (carrot, celery, parsley)
that is native to Europe, north Africa and
western Asia, and which has long been
used as a primary flavouring in Scandinavian Akvavit.

ry uses; the fish are small, bony and not
that flavoursome), we received delivery
of a crate of Carcinus maenas (aka European green crab or shore crab). Carcinus
maenas are also small with little meat
to them, and are, as such, unprofitable
by-catch for many Danish fisherman.
Furthermore, they are invasive to the US
and parts of Australia where they have
a dramatically negative impact on other
species, particularly smaller shore crabs,
clams, and small oysters [8].

· 20 g roasted cascara (Los Alpes Cascara,
produced by Aida Batlle in El Salvador)
· 10 g caraway seed
1. Lightly toast the caraway and cascara
in a pan. Blitz to a fine crumb in a food
processor; mix into the ’basic’ butter
during step 3.
2. Add salt to taste.
Serve on sourdough (esp. if you have
access to that of Jonas Astrup Pedersen)
or with grilled fish.

Clarified Crab Butter
Curious things often get brought to the
lab. During my stay, as part of a project
on Round Goby, (a fish invasive to Denmark, for which there are limited culina-

I made a butter by boiling my cultured
cream with the crabs, before churning it.
The results were quite fascinating: everyone who tasted it blind said it reminded them of brioche or pastry dough,
but with some additional x-factor that
they couldn’t quite place.
The boiling of the cream is almost certainly where some of the ”pastry dough”
notes came from: essentially by boiling
the cream we’d caramelised some of the
milk sugars in the cream.
· 500g cultured cream as per basic
butter
· 500-750g of Carcinus maenas (European Green crab)
1. Freeze crabs.
2. Blanch in briskly boiling water for 3
minutes
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3. Drain crabs and add to cream: bring to
a gentle boil and simmer for 30 minutes.
Skim off any scum and skin that forms.
4. Discard crabs and retain cream.
5. Chill the cream to 10ºC. Then churn.
Add salt to taste.

A selected history of my many failures:
–Cheese-rind cultured butters made
using various Nordic cheeses including
the Danish Thise Mejeri Thybo Ost and
Hodde Kristian Øko, and the Swedish
Jürss Mejeri Granbarksost. These fermentations were difficult to control and
produced some very funky, tangy, potent
results. I didn’t produce anything I was
happy with but I think this approach is
worth pursuing further and could produce some truly extraordinary results.
–Cream cultured with bee bread, which
typically contains many LAB strains.
Some of the creams developed floral
and fruity (pineapple) notes but did not
thicken or reach a satisfactorily low pH.
Perhaps this particular bee bread had
lost some of its culturing potency in
storage? Definitely worth trying further
with some fresh bee bread.

camemberti) and bacteria (L. brevis) on
the outer surfaces of butter pats in a
process analogous to how bloomy-rind
and washed-rind cheeses are made.
However, my efforts were not successful,
probably because there was insufficient
water in the butter matrix (butter typically contains less water than cheese)
and/or insufficient protein (butter
contains very little protein, in contrast to
cheese) to nourish the moulds. However,
microbial growth might perhaps be
achieved if the surfaces were washed
once (or multiple times for Brevibacterium linens, one of the quintessential
cultures of washed-rind cheeses) with
buttermilk, which contains both water
and all the milk proteins that don’t
make it into butter—an idea for further
experiments.
Coming up: With a great-tasting ‘basic’
butter to use as a starting point, I began
exploring if we could develop desirable
flavour profiles from controlling the
aging conditions of butter.
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Figure 9. Mould failing to grow on the surface of butter.

Aged Butter part 4: Blue Butter
February 10, 2016
By Johnny Drain
This series is about oxidation, rancidity,
and aging butter. Part 1 gave some background about butter, rancidity and the
cultural context for eating aged butter.
Part 2 explored the science of oxidation
in fats and the safety of eating them.
Part 3 was on culturing butters with
unusual sources of bacteria. This part
(finally!) is all about aging butter.
The primary aim of the project was to
see if we could, by controlling the extent
and pathways of aging, create butters
with novel and desirable flavour profiles. Having settled on a flavoursome
cultured butter, we started to carry out
tests to control the conditions that lead
to rancidification (as were laid out in
part 2).

My hope at the start of the project
was that, by letting the butter age and
therefore develop mild rancid characteristics, the delicious butter cultured
with our unique combination of LAB
could be enhanced by some of the blue
cheese and spicy notes characteristic
of rancidity to give rise to an even more
interesting, delicious butter: a product
that, if we were to put our branding and
marketing exec hats on, we might best
call ‘Blue Butter’.
So we exposed butter samples to a variety of different conditions for a period
of up to 45 days: we vacuum-packed
samples or left them exposed to oxygen
in the air; we exposed samples to direct
sunlight or kept them in the dark; we
froze samples, refrigerated them, or kept
them at room temperature. Would com-

binations of these processes produce
notably different flavour profiles, and,
more importantly, would any of these
combinations offer promising gastronomic results?

Aged butters, cultured and uncultured
I ran simultaneous tests on cultured and
uncultured butters, using the latter as a
control for the former. The fresh uncultured butter was quite tasteless: thus,
the effects on flavour of exposure to
oxygen, light and different temperatures
(as opposed to microbial activity) would,
we hoped, be quite clearly discernible.
As expected, freezing the butters greatly
slowed down any oxidation, hydrolysis
or microbial activity and the flavours
of these samples remained constant.
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Refrigeration did much the same. We
corroborated these results with TBARS
tests that showed only very tiny levels of
oxidation products for chilled and frozen
samples of both the cultured and uncultured butters (TBARS tests are a simple
way to measure oxidation products,
and they are discussed more fully in the
addendum).
As the room-temperature butters were
aged, a translucent ‘rind’ developed on
their surface and various new aromas
(eg. baby vomit—butyric acid!, blue
cheese, Parmesan, linseed oil, petrol) and
flavours (eg. blue cheese, Parmesan, linseed oil, spiciness, tanginess) developed.
Furthermore, as the butters aged their
texture became ‘smoother’ which was
often pleasant.
For the uncultured butters there were
clear differences between the flavour
profiles produced by exposing the butter to atmospheric oxygen but not light
and vice versa. The former gave much
less palatable petrol, linseed, and beef
tallow flavours, while the latter gave
much more enjoyable flavours redolent
of aged hard cheeses and blue cheeses.
The TBARS tests supported what we
intuited: that the former’s oxidation was
more advanced.

one could pasteurise cultured butter
to kill any living microbes before aging.
However, regrettably, I didn’t have time
to perform these further tests during
my three-month stay—or rather, I tried
but I always ended up with clarified
butter (ghee), which has very different
textural properties to unclarified butter.

Smen
As mentioned in part 1, smen is an aged

Moroccan butter, normally made by
mixing butter with an infusion of thyme
or oregano and then storing for several
months to several years in, traditionally,
clay pots.
Based on the encouraging results from
the uncultured butter that had been
kept in a full or partial vacuum and
exposed to daylight, I made smens with
a variety of Nordic ingredients in place
of the herbs. Although their specific

Figure 1. Butter samples using various, sometimes improvised, techniques to control the
conditions they were exposed to.

The most promising results were for
samples stored for ~14–28 days in dark
and full or partial vacuum, or those
stored for ~7–14 days in daylight and full
or partial vacuum. The smens I tasted on
a visit to Morocco (after I had completed
this project) were very close in taste to
a number of these; in particular, aged
hard cheese, blue cheese and baby
vomit were descriptors that cropped up
when I tasted a range of smens from 3
months to 2 years old.
For the cultured butters, unfortunately
beyond ~10 days almost all the samples
developed an unpleasant bitterness/
sourness as a result of continued microbial activity and/or breakdown of compounds produced by the culturing. To
distinguish between the two pathways,
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Table 1. Tasting notes for uncultured butter after aging for 14 days at room temperature
under the stated conditions.
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function in the making of smen is not
documented, oregano and thyme are
packed full of antioxidants [1], as are
many Danish seaweeds [2]. therefore
hoped that seaweeds would work similarly well .
After 30 days, the results of the following smen infusion trials were highly
mixed:
- Juniper bark—chalky, slightly soapy.
- Birch bark—resinous, sweet like candy.
- Toothed wrack seaweed—very pleasant, not a strong taste of seaweed;
mild blue cheese, parmesan.
- Grass kelp—creamier and more tangy
than that toothed wrack seaweed smen,
and a stronger note of seaweed.
- I also made one with birch bark ash—
the ash water was very alkaline—pH
13!—which caused the fat to start
breaking down (saponification). The
final smen had a pH of 10, which is straying towards dangerous territory so I only
ate the smallest of dabs: predictably, it
was soapy and unpleasant.
However, the best Nordic smen I made
used bladderwrack (Fucus vesiculosus).
After 15 days the bladderwrack smen
tasted like a cross between a very mild
blue cheese and a ranch dressing. After
30 days the blue cheese flavour had become much deeper and more rounded. I
kept tasting it for up to 2 months (after
which point I left the lab): throughout
this period the flavour kept changing,
but it remained good-tasting and,
seemingly, safe. However, I suspect after
2 months in daylight it would be best to
stabilise the butter by transferring it to
the dark.

this with store-bought butter (Naturmælk)
1. Infuse 500 g of water with the bladderwrack by boiling vigorously for 5
minutes. Dissolve 2 tablespoons of salt
and allow to cool to body temperature.
2. In a container, pour the infusion over
the butter and work them into each
other. Leave overnight.
3. Strain the water off, cover and store
for 2 days at room temperature.
4. Work the butter to remove any remaining water, pat the butter dry with
kitchen towel and transfer to a sterilised
glass jar.
5. Store at room temperature in daylight
(Danish early winter daylight!).

Figure 2. Aged butters ready for taste
testing

Tibetan butter tea and tsampa
Tibetan butter tea is made with Yak butter that, as mentioned in part 1, is often
described by Westerners as tasting
rancid [3]. In Tibet and Nepal, they also
use the butter tea to make tsampa, a
dumpling made with roasted barley or
wheat flour. Apparently the Dalai Lama
eats it everyday for breakfast! Given the
plenitude of funky butters I had at my
disposal I was keen to try out both of
these recipes.

Seaweed smen

Of the various teas hanging around in
the lab, I found the most suitable was a
Thai tea, Jing Shuan Oolong Tea, which,
when 10 g is brewed in 450 g water for
3–4 minutes, tastes of peach and grapefruit, and has a good astringency. To
make the butter tea, I mixed 50 g of tea
with 5 g of butter. The aged butter that
worked best was the uncultured butter
that had been exposed to light but not
oxygen for 1 month.

We served this at staff lunches melted
through grains (rice, couscous or pearl
barley) to which it added a complex buttery, blue cheese-like nuttiness.

To make the tsampa, I then mixed
enough butter tea with toasted rye flour
to form small balls, ready to eat as they
were.

· 25 g of crushed, dried bladderwrack
seaweed
· 500 g fresh unsalted uncultured butter
at room temperature (I also repeated

The tsampa—nutty from the toasted rye, sweet and fragrant from the
tea, and with a pleasing gnocchi-like
texture—were quite enjoyable; I could

Figure 3. Bladderwrack (Fucus vesiculosus).
credit: http://plantillustrations.org/illustration.php?id_illustration=136800
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imagine them, or some variant of them,
becoming the latest go-to health craze
(gluten-free, anti-oxidants from the tea
etc. etc.).

Figure 4. Bladderwrack smen, one month
old

In contrast, the butter tea by itself was
just a bit weird. The mouthfeel was very
creamy (much like bulletproof coffee),
but because of its richness it was really
more like a soup; for a European—perhaps especially a Briton—the name ‘tea’
jarred strikingly with my expectations of
what it ‘should’ taste like.
However, pleasingly, I did find that
butter tea made with aged butter was
more flavoursome and palatable than
that made with normal unaged butter.
Gastronomically, the butter tea didn’t
seem overly ripe for investigation (e.g.
I can’t see it popping up on restaurant
menus any time soon). Though I can
easily imagine how in the challenging
conditions of the Himalayas it is a very
practical and soothing way of consuming energy in a very dense form.

Conclusions
Through working on this project and the
process of writing these blog posts we
realised that lipid rancidity is a complex
topic that is, even from a chemical perspective, not wholly understood.

Figures 5+6. Tea, aged butter, and toasted
rye flour, ready to make tsampa.

Although we didn’t produce any cultured aged butters that I was really happy
with, the seaweed smens were great:
their use as a flavour enhancer in e.g.
stews, roasted meats and vegetables,
grains, salads and dressings, could and
should be pursued. It might be more
difficult to control the aging process
with already cultured butters, but with
some additional trials and adjustments
(e.g. pasteurisation of the cultured butter to inhibit further microbial activity,
followed by aging) I am confident that
a cultured aged butter with unique and
delicious applications can be found.
When I started the project I was probably overly ambitious; I thought it was
going to be quite easy to create some
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form of aged butter that I could eat with
bread as an analogue of blue cheese.
In hindsight that was naïve of me!
After all, the great cheeses of the world
have been perfected with knowledge
developed over many hundreds of years.
From the results of the work we did, it
seems that, in whatever form it is made,
an aged ‘Blue Butter’ is more likely to
find use as an ingredient (e.g. used to
make a beurre blanc or as per the suggested uses of the smen) rather than as a
standalone product.
If anyone plays around with aging butter then please let us know; we’d love to
hear about your findings.
Huge thanks to everyone at the lab who
made my time there so special and particularly to Josh, Michael, Mogens Larsen
Andersen (University of Copenhagen)
and Kent Kirschenbaum (NYU/Experimental Cuisine Collective) for illuminating chats and guidance.
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Addendum: TBARS
TBARS (2-Thiobarbituric acid reactive
substances) tests are a relatively simple
and inexpensive chemical test used to
measure the extent of oxidation in a fat.
They can be performed in a standard
modern chemistry lab. TBARS, which
include lipid hydroperoxides and aldehydes, are naturally present in systems
in which lipid oxidation has taken place
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e.g. oxidised fats. It is generally accepted
that as the level of oxidation increases
so does the amount of TBARS present.

For both cultured and uncultured
butters, the chilled samples exhibited
somewhat more oxidation than the frozen samples, and the room temperature
samples exhibited much more oxidised
character than the chilled ones.
The cultured samples always exhibited
more oxidised character than their
uncultured counterparts, i.e. the presence of microbes increased oxidation
(probably because of increased enzyma-

tic oxidation).
Samples exposed to oxygen and light
exhibited more oxidised character than
counterparts that had been exposed to
only light or only oxygen.
Samples exposed to only oxygen
exhibited more oxidised character than
counterparts exposed to only light. That
is, oxidation from atmospheric oxidation
was a greater problem than photooxidation caused by light. A practical
kitchen use of this finding would be to
stress the importance of storing butter
and other oxidation-prone fats vacpacked, if possible.
For the uncultured butter, after 23 days,
the samples exposed to both light and
oxygen exhibited more oxidised character than their counterparts, but only by a
little bit more. In contrast, after 43 days,
they exhibited significantly more oxidi-

Figures 7+8. TBARS test samples: pinker
samples indicate the presence of more
oxidation products.

Figure 9. TBARS results for aged butters. Control samples were vacuum-packed and kept
frozen in the dark. The results are based on single measurements and error bars were not
calculated. However, the potential error size can be gauged from the discrepancy between
the 23- and 43-day-old control samples (the 23-day-old one should contain less than or
the same amount of TBARS as the 43-day-old one).

The TBARS tests gave basic quantitative
support to what we intuitively expected
and determined from our tasting of the
butters. See Figure 9 for some representative data.

sed character than their counterparts.
This seemed to reflect how oxidation
reactions are free radical reactions
which have a slow induction period
followed by rapid propagation step (and
at some point a termination step). Due
to time constraints I was unable to complete the TBARS tests on the 43-day-old
cultured butters.
The results from the TBARS tests show
that they are a useful and valid way
of evaluating the level of oxidation in
butter samples like these, that there are
quantitative differences between butters stored in different conditions, and
that these difference may ultimately
be qualified through a combination
of sensory studies, chemical analysis,
and consideration of proposed reaction
mechanisms.
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endive+
February 17, 2016

By Josh Evans

savoury horsepower.

At the end of the year in 2014, a month
or so after moving into our new space,
we had a Julefrokost to celebrate the
year. I made a simple experiment with
a few of my favourite items in the lab
at the time: Jason’s fermented giant
puffball, quince balsamic/elder vinegar
’lees’, and fireweed tea.

In the winter of 2013, we were making a
new batch of quince wine to top up our
balsamic vinegar barrels just around the
time we were also bottling the ’older
elder’ vinegar begun in the summer and
fermented through the fall. We had a bit
of extra quince wine, to which we added
the extremely vigourous mother from
the most successful batch of older elder
vinegar. Left for six months in a warm
cupboard on the boat, the mixture fermented and reduced into a thick, dark,
exceptionally sour thing. We don’t know
quite what to call it (a not infrequent
problem) but it is tasty. Informally I have
been calling it ’quince vinegar lees’—
not accurate but perhaps better than
nothing. A little of it goes a long way.

In some way it was quite old-school,
banal even: a blade of raw endive with
accoutrements. The endive provided
fresh bitter snap for what made it, for
me, other than an entirely predictable
hors d’oeuvre.
I was inspired by Jason’s fermented
giant puffball mushrooms—nondescript yet potent gems of unsuspecting
umami. Shaved thinly, it provided the
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At a first tasting it clearly needed some

fat, and Roberto suggested using a nut
oil, like walnut or hazelnut. I settled on a
blend of both, incorporating the former’s
structure and the latter’s aroma, and
making a vinaigrette of sorts with the
quince vinegar lees to brush into the
endive before adding some wisps of
fermented puffball.
It was still quite ’classic’. I thickened the
vinaigrette and flipped the endive over.
I had powdered some of the fireweed
tea as a final garnish, for a tannic, lightly
lactic note up front.
An informal synthesis of compelling
things at hand.
There was a lot of tasty food that night,
a great end to a full year.
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On measuring
March 4, 2016

By Josh Evans and Arielle Johnson
‘2% salt’. How many times has this
phrase passed our lips? By the summer of 2013 we were realising that this
simple edict, the core of many lactofermentation recipes, contained a crucial
ambiguity. This post is an attempt
to explore and clarify how different
cultures—namely, those of the kitchen
and the laboratory—measure things
differently, and why it matters.
The problem
Many of the recipes and processes we
talk about on this blog scale according
to ratios. For example, for a typical
lacto-fermentation, rather than starting
with 1000 grams of vegetables and 20
grams of salt, it is simpler to weigh the
vegetables you have and add 2% salt to
them.
But what do we mean when we say
“2% salt” or “25% sugar”? A chef might,
when presented with 1000 grams of
something to which they need to add

25% sugar, add 250 grams of sugar—
since 250g is 25% of 1000g. On the other
hand, to a scientist, a mixture of fruits
with 25% sugar isn’t 1000g of fruits and
250g of sugar, but a mixture where 25%
of the total weight is sugar: and if you
started with 1000g of fruit, this total
mixture will weigh 1333g and have 333g
sugar in it, since 333/1333=25%. In fact,
the mixture of 1000g of fruit plus 250g
of sugar now only contains 20% sugar
by composition, since the total weight is
1000g+250g=1250g, and 250/1250=20%.
This difference could lead to problems
if the 25% level of sugar was very necessary to reach!
And, unfortunately, while this gap is
negligible for small percentage additions—taking “add 5% salt” to mean adding 50g of salt to 1000g of something
will yield a mixture that is 4.76% salt by
composition, which is pretty close—it
gets bigger and bigger as the desired
percentage increases, so the potential
for error gets increasingly larger as the
amount to add goes up: 10% vs. 9.1% is
maybe not so big (maybe), but 35% vs.

25% definitely is pretty big.

Terms
As we mulled this problem over, different ways of representing this distinction emerged.
At the core of the issue is the relationship between the parts of a mixture and
the whole. What varies is the relation’s
direction—whether one is going from
the former to the latter or vice versa.
1. ‘Process’ vs. ‘Product’
Our first framework for conceptualising
this difference was ‘process’ vs. ‘product’:
‘process percentage’ for the easy-to-use
number of what you actually need to
add, in terms of the weight of what you
are adding it to; and ‘product percentage’ for the percentage of what, by mass,
is actually in the final mixture. These
words capture the distinction neatly,
but they may not be different enough to
make an elegant notation with—to indicate which percentage we were using
in our notes and results, which was the
ultimate goal. So we kept brainstorming.

Figure 1. Word clouds of brainstormed terms for both methods of
measurement
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2. ‘Factor’ vs. ‘Ratio’
Another way to frame the distinction
was one Justine sent over last March
(you can see how long it’s been haunting us):
Justine: “I don’t know why it is just
recently that I have been re-thinking
about it, but I might have something to
add to the conversation about percentages in food. I don’t know if it is still
a issue in the lab, but anyways, I think
you might be interested by my recent
thoughts on it. I think it came because
I had to explain my students about fermentation (always!). I suddenly remembered another scientific way to express
a relative quantity. In science, when you
have to do a 10% solution of something,
you can either notate it with the %
sign, or with the dilution factor 1:10. The
factor means, for all scientists, that you
have one part of something in a final volume of 10, so 1:10 is 1 part of something
and 9 part of the other, always.
I guess you have to be careful in the lab
and not confuse it with a ratio (like we
did for some fermentation recipes, ex:
1:5:9).
Maybe you could add ’ratio’ or ’factor’ in
front of each notation!”
Josh: “So if we were to write 1:10 for

something, it’s sort of like the ’scientific’
or ’composition’ measurement of ’factor’
would read like ’1 in 10 parts x’, and the
’chef’ or ’production’ measurement of
’ratio’ would read like ’1 to 10 parts x’. Yet
another way of illustrating the difference...”
Justine: “Factor is 1 of x and 9 of y for a
total of 10xy; ratio is 1 of x and 10 of y
for a total of 11xy. Maybe you can start
a new way of writing and add some
symbol to refer to what you are talking
about, maybe an ’f’ or a ’r’ after the fraction, i.e. 1:10(f) for the former and 1:10(r)
for the latter.”
3. ‘Production’ vs. ‘Composition’
The possibilities branched rapidly and
recursively. We ultimately settled on
using mainly percentage notation
instead of ratios, but both modes could
be used depending on one’s preference
(and Justine’s ‘Factor/Ratio’ notation
could work well for the latter). Since I
(Josh) have been mainly using percentages, I settled for a while on ‘Production’
and ‘Composition’ as my terms, which
I notated with %P and %C and which
correspond, respectively, to Arielle’s and
my original proposal of ‘process’ and
‘product’.

4. ‘Pluscent’ vs. ‘Percent’
I still wasn’t 100%C satisfied with this
notation, because while it worked well
enough (not brilliantly, but fine) in
writing, it was clunky to say: “production
percentage” is six syllables! It was only
a few weeks ago, while finalising this
draft, that the best solution so far emerged from the ether. Actually, it emerged
from the keen mind of a friend named
Dave Rowe, while he, his wife Pam and I
were sharing a glass of wine and I was
describing to them my on-going wrestling match with percentages. Dave’s
observation was that perhaps we should
look at the word ‘percent’ itself as a
starting point from which to generate
an entirely new term to distinguish
between the two methods. He quickly
did so by suggesting the neologism
‘pluscent’ (a percentage that ‘is added’
to 100) as the logical counterpoint to
‘percent’ (a percentage out of 100). My
follow-up question to Dave was how he
would notate a ‘pluscentage’, to which
he suggested that we create a new symbol—we collectively arrived at the idea
of combining ‘+’ with ‘%’. On platforms
such as our website that do not allow
such custom fonts in-text, I have settled
for using ’+%’ in combination; otherwise,
here is the glyph we designed (thanks
to Rosemary, a former NFL intern and
Artist-in-residence) and rendered as a
font (thanks to Rosemary’s friend Daniel,
a graphic and web designer).

Table 1. Increasing gap between pluscentage and percentage for given weights.
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Figure 2. Gap between percentage (plotted on the y axis) and pluscentage (plotted on the x axis). The curve gets shallower, which shows
how percentage drops off more as pluscentage increases.

Figure 3. Absolute difference between percentage and pluscentage. The curve gets steeper—the difference between percentage and
pluscentage gets bigger faster—as the percent-number increases.

Formulae and calculators
So, when it comes to making things, if
one needs to reach a certain percent of
an ingredient in the final mixture, one
must bust out some algebra.

Given the weight of the mixture to be
added to, it is necessary to solve for x:
x = az and a = 100b/(100-b)
where
x is the amount to add;

z is the amount to be added to;
a is the pluscent of the addition; and
b is the percent of the addition in the
final mixture.
But fortunately, you don’t have to do
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that, because we made a calculator. Actually, three. The ‘Pluscent calculator’ can
be used to calculate pluscent, given the
desired percent of the addition in the final mixture; the ‘Addition calculator’ can
be used to calculate addition amount,
given the weight of the mixture to be
added to and the desired percent of
the addition in the final mixture; and
the ’Percent calculator’ can be used to
calculate the percent of an addition in
a final mixture, given the pluscent (the
opposite of the first).
For example: You are making a garum.
Let’s say you have 2730g mackerel guts
and 600g barley koji, and you want to figure out how much salt to add to reach,
say, 12% in the final mixture. You would
use the ‘Addition calculator’, put ‘3330’
(2730+600) in the first field, ‘12’ in the
second field, and obtain a figure of 454g.
If you wanted to figure out the pluscent
for the salt, you would use the ‘Pluscent
calculator’, insert ‘12’, and obtain 13.63.
And let’s say you were working from a
garum recipe for which you already had
the salt pluscent, and wanted to know
the salt percent in the final mixture. You
would use the ‘Percent calculator’, insert
’13.63’, and obtain 12.

Further considerations
Of course, this calculator only works if
you’re dealing with 2 components—
though one component can be composite, eg. the mixture of mackerel guts
and koji in the example above. For multicomponent ratios (salt : koji : legumes
for a miso, for example) we’d have to
make a more complex calculator, but it
can be done.
The two measuring methods explored
here are not the only ones out there.
Baker’s percentages, for example, work
differently—one ingredient, usually
the most massive but also sometimes
the most valuable, is set as a reference
(100%), and the amount of every other
ingredient is scaled as a percentage of
the reference’s weight. Pluscentage can
be thought of as the simplest baker’s
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percentage, where there are only two
‘ingredients’: the one to add and the one
(or mixture of ingredients) to be added
to. The advantage of baker’s percentages is that they can be used for more
ingredients; the advantage of pluscentage might be that its relationship with
percentage is more easily calculable,
especially with recipes that change. For
lots more on measuring methodology,
check out Modernist Cuisine vol. 1.

percent, one with salt by pluscent, and a
negative control with no salt.
One set of duplicates before mixing;
negative control not pictured.

Methods:

Furthermore, of particular note for salt
in fermentations is that it is not salt
itself that matters, but how salt, and
other compounds like sugar, hold onto
water. What we are measuring here is
water activity (Aw), and it is this measurement that in part determines whether
or not certain microbes are able to grow.
So really, the ideal situation would be
to measure salinity in relation to water
in a recipe (taking average moisture
contents of constituent ingredients), but
of course in practice this is somewhat
difficult.

I took samples of ~5ml at 2-week intervals over the 3-month fermentation, for
a total of 7 samplings, which are frozen
and await metagenomic sequencing by
Martin Abel-Kistrup and Tom Gilbert,
part of the Gilbert Group at the Centre
for GeoGenetics at the Natural History
Museum of Denmark, University of
Copenhagen. We have already collaborated with Martin and Tom on doing
some metagenomic sequencing of the
microbial ecologies of some of our vinegar barrels; this should be an interesting
next experiment.
I conducted a fast aroma and visual
analysis after sampling for the seventh
and final time and transferring the remainders of the final products to clean
containers for cool storage.

An experiment

Results:

While differences between these two
(or more!) ways of measuring are clear
in principle, and while I have started
indicating which one I use in recipes, I
still want to have some data that shows
it matters when it comes to taste—and
above what threshold. So I devised an
experiment to address the role of this
one variable in the complex phenomenon of fermentation.

Hypothesis:

A certain fermentation model system
will exhibit gastronomically significant
differences above some threshold if only
salt concentration is varied by percent
and pluscent.

Materials:

I made two different model fermentation systems—a low-salt miso and
a high-salt miso—using Øland brown
beans, pearled barley koji, filtered water,
and sea salt (Table 2), in duplicate,
each with three trials: one with salt by

See Table 3 for some notes from the
informal aroma and visual analysis I
conducted.

Conclusions:

This is a very preliminary experiment,
and it’s not yet done. It would be ideal
to obtain more, and more rigourous,
sensory analysis data (include tasting in
addition to looking and smelling, gather
sensory descriptors, serve samples blind,
use ~10 panelists), and I’m dying to sequence the metagenomes of the samp-
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les to see if there are some differences
in the microbial populations. Based on
the preliminary results, I’d say it’s likely
there are some differences happening
in the microbial communities of the different samples.
Finally, I’m sure others have already
thought about this measurement problem and come up with more elegant
solutions for conceptualising, terming,
and notating the different methods. It
would be great to hear from you if you
know of any existing materials.
In the meantime I’m finding ‘pluscent’
and ‘percent’ pretty useful.

Table 2. Low- and high-salt miso trials varied by salt content: percent, pluscent, and none.

If you would like to use the pluscent
symbol yourself, you can download the
font here. The pluscent symbol is the
only glyph in the font, and is inserted
with the ’%’ key (shift+5 on English
keyboards).
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Faux foie
March 14, 2016

By Josh Evans
4 October 2012—the day before Ben
and I departed on a research trip to the
Netherlands, we took a bunch of kojis
we had made from different nuts, seeds,
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and grains, cooked up a bunch of pulses,
raided our dry store for aromatic things,
boiled a big pot of brine and bashed
together a bunch of sauces to start
fermenting. The method was deliberate
madness, mixing and matching kojis,

cooked pulses, aromatics and brine in
ratios that seemed to work based on
similar previous trials and tasting as we
went. Textbook shotgun approach.
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Three months later, in January, we had
a tasting.
Of the twelve trials, we kept seven that
had further potential and tossed five
that were horrid. One of the former
was particularly exciting—it was unmistakably reminiscent of foie gras, with
that fatty, nutty taste and rich mouthfeel, and made only of plant-based
ingredients. We called it ’faux foie’.

Original faux foie
· 500g koji (quinoa)
· 250g koji (4 parts nøgen byg 43: 1 sunflower seeds)
· 750g cooked butterbeans
· 30g dry morels
· 500g bean stock
· 1L 20+% brine (6.2% salt in total mixture)
Combine in a sterilised container. Cover
the surface of the mixture with plastic
wrap and store for three months.

Since then, we tried to take the recipe
further by tweaking the quantity of
morels and trying out different types of
barley for the koji, but we weren’t able
to achieve the results we were looking
for.
We went back to try to replicate the
original recipe, even using the remaining amount of the original batch to
inoculate the new trials, and still weren’t
able to reproduce it exactly. Such is the
nature of serendipitous success I suppose. We will keep trying.
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Fractioning insect garums
March 18, 2016

Text Josh Evans
In the beginning, our original grasshopper garum recipe yielded one product:
grasshopper garum. Sometimes we also
used the paste.
· 400 g whole grasshoppers
· 600 g wax moth larvae
· 225 g pearled barley koji
· 300 g filtered water
· 240 g salt

Last summer, in 2015, we took things a
bit further. Firstly, we made production
batches of five ’single-species’ garums
using the same basic recipe as the
original, and only one species per batch
(based on trials we had conducted the
previous summer, in 2014). The species
were: grasshopper (Locusta migratoria),
cricket (Acheta domesticus), wax moth
larvae (Galleria mellonella), bee larvae
(Apis mellifera), and mealworm (Tene-

brio molitor).
· 1000 g insects (55.9%)
· 250 g barley koji (14%)
· 300 g water (16.8%)
· 240 g salt (13.4%)
Incubate at 40°C for >10 weeks
Filter, bottle, pasteurise at 72°C for 15s
When it came time to filter, we realised

Blend insects until broken up but not
into a smooth purée and keep in a
container. Mix insect purée, barley, water
and salt together. Place in a non-reactive container with cling film directly
covering the surface. Place container in
a 40˚C incubator or suitable area, and
allow at least 10 weeks to ferment. The
garum will separate and remain on the
bottom of the vessel, and should be
decanted/siphoned with an appropriate
pipette/tube. The paste is also excellent,
and should be passed through a fine
sauce net.
In the summer of 2013, we began to
make two ’pressings’, as one does with
olive oil. The first ’pressing’ involved filtering the fermented mixture through a
filter paper solely by gravity, obtaining a
translucent liquid with few impurities—
we called this ’Extra Virgin Grasshopper
Garum’. The second pressing actually
involved some real pressing, where we
took what remained in the filter and
pressed it through a superbag to obtain
’Second Press Grasshopper Garum’, analogous in some sense to pomace oil.

Figure 1. Flow chart drawn by Bernat illustrating our most recent garum fractioning
process.
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that we could go into more detail than
we had before—particularly because
we had Bernat’s PhD rigour with us, and
were thus well-positioned to go deeper
into the post-fermentation part of the
process.
We began with the complete garum
mixture, post-fermentation. We passed
this mixture through a chinois without
filter paper, to begin to separate the
liquid and solid phases. We then let the
liquid phase pass through filter paper
by gravity, yielding a fine liquid that
had passed through the paper and an
emulsion left on it, which we suspect
contained residual compounds and water suspended in fats. The filtered liquid
we allowed to further separate into lipid
and water phases, yielding ’Virgin Oil’
and ’Insect Garum 1st fraction’ respectively. We passed the emulsion left in
the filter paper through a sauce net and
called it ’Paste B’—because we were not
expecting to have it and had already

named its analogue ’Paste A’.
Meanwhile, the solids reserved from the
very first filtration through the chinois
we pressed through a superbag, yielding
a cloudy liquid, and a bit of solids—
mainly chitin, small bits of barley etc.—
that we discarded. The liquid we then let
pass through a superbag by gravity, yielding a more opaque liquid than the 1st
fraction, which we called ’Insect Garum
2nd fraction’, and an emulsion left in the
superbag that we called ’Paste A’.
We also tried using a vacuum filter to
extract more of the liquid, but that
didn’t end up working so well..
Good old gravity took a bit longer but
yielded a better product.
Thus, in total, we obtained five products
from this fractioning process: Virgin Oil,
Garum 1st fraction, Garum 2nd fraction,
Paste A, and Paste B.

Table 1. Garum yield as a function of total starting mass. Does not include yield of Virgin
Oil or Pastes A and B.

Bernat and the vacuum filter. We had high
hopes.

Bernat and Roberto try to collaborate with
the vacuum filter

Our more rigourous fractioning also
gave us higher total yields—see Table
1, which does not take into account the
Virgin Oil or Pastes A and B.
Most importantly, the single-species
garums are delicious (except for the
Mealworm, which is quite thin and
unremarkable) and distinct from one
another. We are keen on experimenting
further with the pastes, which are just
as distinct in taste as the garums—they
range in colour from pastel peach to
ombré ochre, and some of them have
a unique, silky texture. Tobyn started
working on some compound butters;
we can imagine particular pastes being
well-suited to different particular applications.
Now the next step is to re-obtain
a centrifuge and take the fractioning further—and to see for what, if
anything, we can use the discarded
fragments of exoskeleton..

Fractioning garums by gravity through
filter paper.

The range of pastes
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Tea but not
March 23, 2016

By Josh Evans
I like tea. I like how one plant becomes
many different kinds of drink. I like that
one can cultivate the craft of brewing
it, as well as just enjoy it simply. I like
that it has rituals, and its psychotropic
effects. I like that lots of other people
like it, but not everyone likes it the same
way.
This is a 3-years-long story about tea
and tea-like non-teas. But it didn’t start
with tea. It started—as more than a
few of our projects do, it seems—with a
fungus.

Part 1—A. niger and Pu-erh
Meet Aspergillus niger. Yes, it is part
of the same genus as our homeboy A.
oryzae. But the similarities largely stop
there. While the koji mould is white, for
example, this one, as its name suggests,
is black. And while koji mould is used for
making all sorts of fermented products
like miso, soy sauce, sake, amazake, shiokoji, and others, A. niger occupies a very
different edible niche. In many cases, actually, A. niger is seen as an agricultural
pest. It’s quite ubiquitous across all sorts
of soil samples. Yet for a certain type of
tea called Pu-erh, produced in Yunnan
province in the south of China, A. niger is
one of the process’ key microorganisms.
Most teas, it turns out, are not strictly
speaking ’fermented’—that is, their
transformations are not the result
of microbial metabolism, but rather
variations of oxidation, autonomic or
enzymatically facilitated, modulated by
physical techniques of wilting, steaming, panning, baking, rolling, drying and
others in a great many combinations.
That’s where the Pu-erh comes in. This
tea does involve microbial metabolism—after undergoing some of the
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first steps that usually lead to green tea,
the partly-processed leaves are heaped
into piles and let to spontaneously ferment. A. niger comes to dominate and
contributes prominently to its flavour,
adding notes of earth, moss, and cellar
to the mix (geosmin is one of its main
secondary
metabolites), while rounding astringency and smoothing bitterness. It
brings a particular perspective to an
already complex product—the result is
something that, unlike many teas which
begin to deteriorate as soon as their
processing is complete, can be aged
for ten, twenty, thirty years or more, increasing in complexity and nuance, and
demanding even more when it comes
to brewing and drinking it best. More
like a wine than an olive oil. A pu-erhobsessed friend of mine in Japan, Max
McCurdy, brewed us some while I was in
Tokyo in November 2014, after our insect
field work. He had a tiny teapot, one
that could fit into the palm of my hand;
we only started drinking from the third
brewing, and kept drinking until well
after the tenth. It is, in my experience,
a particularly convivial way of drinking
tea, as it demands repeated motions
of boiling, brewing, and pouring that
become perfect punctuations in a long,
slow-burning series of shared caffeinated jaunts.
January 2013 is when I first started
looking into microbial action in tea.
Mycotoxicity in many fungal species can
vary according to the strain and growth
conditions, but with a bit of research I
learned that A. niger is generally safe
for human consumption (Blumenthal,
2004). I first met A. niger in person in
February, after our friend and fellow
fungal enthusiast Sara Landvik, a researcher at Novozymes, graciously agreed
to plate me a couple known strains
from their open collection. I propagated
them on some standard PDA plates we

Lemon verbena pu-erh

Elderflower (Sambucus nigra)
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had already prepared (petri dishes with
a simple mixture of potato starch and
dextrose in an agar gel), and planned
the plants I would try to encourage the
fungus to ferment into some sort of
pu-erh-like tea.
Here are my notes from trials over the
2013 growing season.
12.2.13
I began with A. niger plated up by Sara
Landvik, our friendly microbiologist
at Novozymes, replated it to multiple
plates, let it sporulate, then mixed the
spores into sterilized water, and steeped
dried verbena leaves in a small amount
of liquid inoculum to coat and absorb.
They are now slowly drying.
8.7.13
The verbena pu-erh has been sitting for
months and is still very fragrant - earthy
and complex.
Now we are in the season of growth.
I have begun trials with elderflower,
jasmine, nettles, beach rose (pink and
white), dittander (leaves and flowers).
Going to look for fireweed (Chamerion
angustifolium) - similarities to Camellia
sinensis.I’ve put the A. niger inoculum
into an atomiser
12.7.13
The flowers are becoming more fragrant.
The dittander doesn’t oxidise fully when
bruised. It ends up just losing most of its
pungency and drying out.
The nettles are promising - they oxidise
very well, and gain fantastic aroma.
25.7.13
Justine found fireweed in Charlottenlund on Tuesday 23.7. I stripped the
leaves that evening, rolled and pressed them to break the cells and begin
the oxidation. I kept them in a plastic
container until Thursday evening. They
generated humidity and began smelling
strongly: overripe mango, feijoa, curing
apple, bubblegum, terpinic, guava, green,
juicy fruit apple, hay, grass, summer,
benzyl anthranilate (grapefruity/tropical flavours). Thursday evening I spread

them out to dry and continue oxidising
on the counter. Friday morning I sealed
them in vacuum bags to ferment anaerobically over the weekend.
The half kept in the box retained its
fruity, berry aroma, while the one left to
dry open had these fruity notes replaced
with more green, fresh hay, green
banana.
29.7.13
Both bags when opened smell strongly
of olives and pickles - very lactic and
savoury. This mellows quite quickly.
I split each batch (aired/sealed) into two,
toasted half in a pan until just before
crisp and the other steamed in the oven,
both to halt the fermentation.
The toasted ones smell like: ’roasted
pineapple’ (Sarah), ’herbaceous and
green’ (Avery), ’vinegar sauce’ (Justine),
’sexy’/’arousing’ (Ben)
The steamed ones smell like: ’banana’
(Sarah), ’olives’/’some sort of piss’ (Justine), ’capers’/’marine’/’piss’ (Ben)
The dittander has since turned into
vomit; they can be forgotten.
4.10.13
Finally a sensory.
First the flowers - beach roses (white
and pink), and jasmine. 1.2g/120ml water
(80˚C), 4 min infusion. The roses are
both weak and insipid, but the jasmine
has potential - smells of old leather,
smoke, old perfume. It is grown-up.
A stronger extraction could help, and
perhaps a tincture.

Elderflower - I sprayed some whole on
the stem and also loose, and left it out at
room temperature on a plate. I also blanched a few heads then inoculated and left
them out. The blanched ones have turned
a dark green with black tips and a stronger
smell - the rupturing of the cells seems to
enhance the enculturation, even beyond
the oxidation.

Jasmine - I harvested some jasmine from
the tree at my house. Should figure out
which species it is. Now with the more
delicate flowers I have started using the
vacuum packer to vacuum impregnate the
cells with the liquid inoculum, instead of
blanching. It also helps speed oxidation.
After three days of drying the vacuumimpregnated flowers are noticeably darker
and more aromatic.

Next, the original lemon verbena.
2.4g/120ml water (80˚), 4 min. infusion.
Multiple infusions as follows:
1st. Musty, woody, mouldy. It smells
rounded, the similar sensation of smelling cold cream. The taste is unbalanced
and fuzzy, not unpleasant but neither so
pleasant.
2nd. It is stronger - leather, cedar; the
mustiness accumulates with sips.
3rd. Smoother, rounder. This is good.
4th. Has body, grown up. The cedar
comes forward.
5th. The sweetness of the verbena now
really comes through, and the wood. It
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is brash, past. It will only weaken and
simplify. The third and fourth trials were
the best.
The nettle became rich and savoury successful, though perhaps more suited
to a broth than a tea.
Nettles (Urtica dioica)- I rinsed dry whole
nettle leaves in water to soften, then tossed them gently with the liquid inoculum.

Beach rose (Rosa rugosa) - Beach rose Pink and white. I separated loose petals
and whole blossoms, and again did half
just spray and half sprayed then vacuum
impregnation. Not so much difference here
yet but we will see.

Then fireweed. There are six trials:
two parameters of fermentation start
(’aired/sealed’) and stop (’air-dried/
steamed/toasted’).
The toasted ones are very smoky - only
the second brewing was remotely
palatable, the first too brash, the third
already stale. Shall I toast differently?
I prefer the steamed - the air-dried are
olivey, too vegetal. The steamed are
delicate with good balance and light
body for me.
Others liked the air-dried, perhaps for
the particular aromas.
Overall I think I prefer the sealed ones
- the flavour is stronger and more
complex.
For next season, focus on fireweed, and
inoculate with A. niger.
12.6.14
I learned from Sara that A. niger is fond
of higher temperatures, 30-37˚C.
While some of these applications were
interesting and potentially useful for
something, they did not get at the heart
of the matter—which is to say that I still
wanted to drink some tea, and I wasn’t
yet there.

Part 2—Fireweed

Dittander (Lepidium latifolium) - the leaves
and flowers are still drying - they are quite
sturdy, perhaps too much so for this processing. The flowers smell mainly of hay.
The leaves look somewhat promising - but
next time I should rub them between my
hands more vigorously to get the oxidation
going, before continuing the process.
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At this point I need to depart temporarily from pu-erh, and focus in on fireweed.
Ben had found an entry in a Swedish
herbal about how people used to make
tea from fireweed, and sent it my way. I
made first fireweed trials that summer
of 2013, and promptly fell down the
fireweed hole.
It turns out fireweed has quite a lot
to do (culturally at least) with the tea
plant, that is, Camellia sinensis. Fireweed

tea was also called Koporye tea in Russia,
after the area of Koporye west of St. Petersburg near the Gulf of Finland, where
in the 1800s producing fireweed tea was
the main source of income. Inhabitants
of this region even burned forest in order to stimulate the growth of the plant.
It seems that despite not containing caffeine, the sensory properties of fireweed,
properly processed, could become so
similar to Chinese tea made from Camellia sinensis that it could be and was
used in place of the real thing. Some
unscrupulous merchants are reported to
have cut their imports of ’real’ Chinese
tea with up to 40% Koporye tea, which
was only discovered once their accounts
showed they had sold twice as much tea
as they had imported! (Ljungkvist, 2011)
Here was a plant with some proven
potential. Fireweed’s binomial is Chamerion angustifolium, formerly Epilobium
angustifolium. The Chamerion genus
has eight species, all of which are
perennial and restricted to the northern
Hemisphere. C. angustifolium and its
close relative C. latifolium are circumboreal and circumarctic, while the six
others are native only to Eurasia. Like
many ’wild’ plants fireweed has a great
many vernacular names: willow herb,
blooming sally, purple rocket, rickup,
wicopy, and many variations on the
theme. And that is just English—there
are supposedly over 85 different names
for the plant in Swedish (ibid.).
Fireweed is a robust perennial, growing
.5-3m tall. It has fine roots and rhizomes,
extending down to 45cm in the soil,
purplish stems, narrow leaves around
3-20cm long, pink/magenta four-petalled flowers ~2-3cm in diameter, and long
slender fruits of a similar colour to the
flower. In late summer when the fruits
dry they burst open and release longhaired seeds to the wind. The plant can
reproduce both sexually (through flowering) and asexually (vegetative reproduction through rhizomes), depending on
climate and environmental pressures. So
awesome! Imagine if we could do that.

BLOG POSTS

roasted and brewed as a coffee substitute (best before the plant flowers),
the flowers made into jelly (ibid.). The
plant has been used in both European
and North American folk medicine
traditions to soothe skin irritation and
burns, and brewed into a tea to relieve
stomach upset, respiratory difficulties,
constipation, prostate conditions and
urinary difficulties (PFAF, 2012). There is
even production of monofloral fireweed
honey in Alaska, as well as reports of an
ale made with fireweed in Kamchatka,
whose intoxicating factor was bolstered
with the addition of the hallucinogenic
fly agaric mushroom Amanita muscaria.
Other non-edible uses include cordage
from the fibre of the outer stems, stuffing material and tinder from the seed
hairs, and a protection from the cold
from the powdered inner cortex when
applied to exposed skin. At one point
some enterprising Swedes tried to make
a cotton-like textile from the fibrous
seed hairs, but it didn’t work so well
(Ljungqvist, 2011).

In addition to the leaves being used for
tea, different parts of the plant have
been used for food and medicine by
people around the Northern Hemisphere where it is found: the young shoots
as a vegetable similar to asparagus,
the young leaves as a green, the roots
as another vegetable and sometimes

Fireweed is common in a variety of
ecosystems: by streams, in uplands,
coniferous and mixed forests, aspen
parklands, grasslands, and bogs. It
quickly colonises disturbed habitats,
such as logged areas, deglaciated land,
avalanche zones, highway and railway
embankments, old fields, and burned
areas (hence ’fireweed’). During the
Second World War, fireweed also came
to be known as ‘bombweed’ due to its
proliferation in bomb craters. The plant
can handle shade but grows best in
open locations with direct light, and
prefers acidic soil. It is easily cultivated,
growing best in soil with good drainage
but that also retains moisture, yet it can
also grow in many other conditions. It
is hardy to -20˚C. Fireweed is currently
only cultivated as a soil stabiliser, and
because of its widespread distribution
across the Northern Hemisphere it is
quite easily harvested locally, including
in Denmark and Scandinavia.
I learned about fireweed in the middle

Fireweed after forest fire

Fireweed leaves ready to begin oxidation.

of the summer 2013, too late to work
with the tender young shoots and
barely catching the end of the younger
leaves—the best candidates for making
tea. The younger leaves can be quite
delicate, with a bright, fresh-olive aroma
and a slight bitterness. The flowers are
gently fragrant with a hint of sweetness.
When oxidised, the leaves take on a dark
colour and various notes of black tea
and fruit. When fermented, they develop
notes of fermented olives and brine. I
began working with more mature specimens to get a feel for the plant and how
it responded to the technique, making
trials on how to initiate, direct and stop
oxidation, and bode my time until the
following season.
At the end of the summer, I took a trip to
the Danish island of Bornholm with my
friend Josh Pollen (he’s a chef in London
who runs Blanch & Shock together
with his partner Mike Knowlden, and
he’s spent some time with us before).
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We spent three days biking around the
island, eating mirabelles, getting lost
on logging roads, and camping on the
beach. It is a beautiful island.
On our last night, we went to Kadeau
Bornholm, the first time for us both.
After our meal, we hung out with some
of the team, and when we told them we
were sleeping in the beach dunes below
the restaurant that night they invited us
to staff breakfast the following morning.
After breakfast, Markus Junkala, one of
the sous-chefs who has since become
a great collaborator, gave us a tour and
showed us a bunch of things they were
working on, one of which was——fireweed tea! The coincidence was too
funny. We agreed once the season had
finished on the island, we would meet
back in Copenhagen and plan some collaborative R&D for the spring.

Part 3—Making tea
At the start of June 2014 I went to
Bornholm to work further with Markus
on developing a fireweed tea we wanted
to drink. Here are my tea-related notes
from that time.
6.6.14
tea - focus on fireweed. start with
oxidation, develop technique. then layer
A. niger on top. to serve alone, in a blend,

and also to make a variety.
7.6.14
fireweed. harvested kl.930. left in plastic
garbage bag all day to begin to wilt.
picked leaves at kl.18, crushed by hand,
oxidation begun kl.19. bashed with
rolling pins in gastros kl.23 to increase
oxidation (the kitchen guys thought we
were crazy).
The plan for the fireweed is to do a bit
more of a structured process, to figure
out what we think works best. So far, our
variables are:
fermentation method: under weight,
under vacuum
fermentation time: 2 days, 3 days
fermentation halting method: dehydrating, sun-drying, steaming, roasting
This matrix yields 16 trials.
Other possible variables to explore
include oxidation method, oxidation
time, fermentation temperature, storage
method, and post-fermentation moulding with A. niger.
8.6.14
fireweed tea - begun fermentations
kl.1030.
9.6.14
fireweed tea - quite aromatic actually.
tasted and taken off fermenting kl 17.
fireweed - Markus will split batches
tuesday[10.7]/wednesday[11.7] into 4
and stop fermentation using 4 methods:

dehydrate, sun-dry, steam, roast. label,
vacuum and freeze until tasting.
Over those few days in June the weather
was glorious, sunny and hot—hence our
optimism and excitement with being
able to use sun-drying as a processing method. On Tuesday the 10th and
Wednesday the 11th, however—the days
Markus was to halt the fermentation—
the sun had disappeared, so he removed
the ’sun-dried’ variable from the trials.
Which was just as well because nine
trials was enough for one tasting, let
alone sixteen.
I returned for a few days in the middle of
July to work further.
14.7.14
the onion cress tea worked last
time![summer 2013 by Markus] try with
more alliums, maybe green leek tops
fireweed - keeping flowers in yields red
berry smells
15.7.14
[This day we conducted a tasting trial,
along with Nicolai, Magnus and Rasmus,
the trio behind the restaurant. We also
began applying the techniques to plants
other than fireweed to see what happened] tea taste trial. 8 fireweed trials +
1 just lightly oxidised version:

Trials for double-blind tasting 1, July 2014 at Kadeau Bornholm, with unfermented control (#9). Two brewings were tasted, and none
from the second were preferred. If only I knew how to represent matrices in three dimensions, it would be much prettier..
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trials 1 and 7 are best for further development, as well as 2 and 9. It seems
the non-vacced are preferred, with the
steamed preferred at 2 days and the
roasted at 3. [This could be because the
container-fermented leaves have more
internal variability and thus develop a
greater range of flavour, whereas the
vacuum-sealed leaves have quite a consistent environment and so the range
is more narrow.. just a hypothesis.. in
any case the more delicate flavour after
2 days makes more sense for steaming,
and the stronger flavour after 3 for

roasting. The best steamed trials were
appreciated for their balanced taste
and herbal/floral notes, while the best
roasted trials were enjoyed for their
fuller tannins and noted similarity to
earl grey.]
processing other teas: fig leaf, kohlrabi
leaf, meadowsweet leaves, angelica leaves, tansy leaves. started oxidising, and
fermenting at end of night.

trials with the flowers: with leaves included during oxidation/fermentation, as
well as excluded, dried and then added
to the processed tea.
other teas: post-fermentation processing for fig leaf, meadowsweet, tansy,
kohlrabi. the kohlrabi is disgusting and
farty and rotten - tossed. the meadowsweet isn’t so fermented, it is quite
sturdy - sealed full and kept longer.

17.7.14
teas - more control trials of lightly oxidised then dried/steamed; and further

11.11.14
TEA TASTING:

Trials for blind tasting 2, November 2014 at Kadeau København. Two brewings were tasted. All trials had standard 2-day fermentation in
container.

brewing method: 2.5g in bag / 100ml,
pulled at 1 min; re-brewed
Results:
with flowers - we seem to prefer roasted ones (batches 5 and 8), as well as
batch 6, with dried flowers added after
fermentation and drying. in general,
those processed with flowers (3-5) get
too soapy. 6 may be better in second
brewing, lactic notes are more mild.
otherwise, 1st brewing is best and very
aromatic.
meadowsweet - 9 (ofd) is best. the
others lose the meadowsweet flavour.
perhaps needs less processing eg. only 1
day fermentation.
fig - 12 (ofd) is horrible; 13 (ofsd) is better

and preserves some of the fig/coconut flavour. none are good enough by
themselves, maybe blended with other
teas, and/or with fresh leaves. or maybe
tincture is just better for the fig leaf!
tansy - amazing smells! all so incredibly
bitter! perfect rotovap potential, to
separate the top notes from the bitter
taste compounds.
angelica - definitely savoury broth territory. 19 (ofsd) and 20 (ofr) are best, and
give a fantastic tingling sensation. could
be great mixed with fresh/dried angelica leaves for more of those angelica
top notes. these have loads of body. use
with something fatty! like pork, or lamb
neck.

By this point we had gained a few different directions to take the research:
developing a tea to drink, especially
as a post-prandial; and using a similar
technique to supercharge the flavours
of many different plants for savoury
applications—especially plants, like
fireweed, that don’t have so much
flavour in their raw form, or have a nice
aroma but a tough, sturdy, or fibrous
texture that does not lend the leaves
well to being eaten directly, either raw
or cooked (like fig leaves, and mature
leaves of tansy, angelica, meadowsweet,
and many others).
And now, at last, a recipe. Here is the
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protocol Markus and I developed for
a basic fireweed tea, which can be
conjugated further for all sorts of other
plants.

Fireweed tea
1. Harvest a bunch of fireweed. Cut the
stalk just below the last useable leaf—
depending on the fineness of the tea
this could be anywhere from just the tip
to the tenth leaf or more.
2. Pick. Bring the fireweed back to your
working area. Pick off the leaves from
the stem, and, if wanting to make different grades, sort into different sizes.
Discard any leaves that are brown, dried,
or otherwise not intact.
3. Oxidise. Depending on the amount
of leaves and available time, this can
be done by rolling and/or crushing the
leaves with one’s hands, bashing them
with a rolling pin in a gastrotray, or
other methods which we invite you to
dream up.
4. Develop flavour. Let the leaves sit to
oxidise and develop flavour—this length
of time can be however long or short
one prefers, although we tended to let
it go for at least a couple hours and no
more than twelve. We found the tea turned out best when the oxidising leaves
were at the height of aromatic intensity.

5. Ferment. Put the oxidised leaves into
a container and place another container
of identical size on top, pressing firmly
so the leaves compact and become more
or less ’sealed’ in the bottom container.
Allow the leaves to ferment at ambient
temperature for 2-3 days (or less or
more) depending on the plant and the
desired result.
6. Halt fermentation. Once the leaves
have fermented, remove from the
container and halt the fermentation by
dehydrating, steaming, roasting, or any
other technique you prefer for dispatching bacteria (except maybe not bleach).
7. Store. Once the fermenting leaves
have been turned into non-fermenting
leaves, ensure the leaves are sufficiently
dry and have cooled to ambient temperature, then store. We prefer sealing
at partial vacuum (to remove as much
air from the bag as possible without
crushing the leaves) and keeping cool
and dark, to prevent further oxidation
from light, heat, or oxygen or from taking up other unwanted aromas.
8. Brew. The standard procedure for
(black) tea sensory analysis (I have since
read) is 3g of tea to 150mL boiling water,
infused for 5 minutes then poured for
evaluation (Kan et al., 2004). Of course,
one may brew the tea however one may
wish, which will also change depending

on the processing method (we have
found toasted/roasted teas can handle
higher brewing temperatures), the desired profile, and the culinary function.

Future things to test:

- separate fireweed leaves into different grades depending on the size and
conditions of harvest, as do producers of
high-quality tea
- sun-drying versus dehydrating to halt
fermentation
- different oxidation methods
- different oxidation times
- different fermentation temperatures
(all of these trials were conducted at
warm summer room temperature, midto-high 20s)
- different post-processing storage
methods (these trials were sealed with
a partial vacuum and stored in the
freezer)
- try all sorts of tough plants with
flavour potential, especially parts of
plants often thrown away like tough
parts of leeks, tomato leaves, etc.
- and last but not least, now we have a
method to which to add the extra layer
of fermentation with Aspergillus niger!
I want to make fireweed Pu-erh, build a
pressing mould and press it into bricks,
age it and see what happens—that’s
what’s next..

Fireweed outside the window of the train, north of Copenhagen. Now I see fireweed everywhere I go..
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BUGS Premiere
April 25, 2016
Last week, our documentary film BUGS,
directed by Andreas Johnsen, had its
world premiere at the Tribeca Film Festival in New York.

The film will be having other continental
and national premieres over the coming
months, so stay tuned for news here and

over on bugsfeed.com, the website for
the film. Until then, here is the official
trailer: https://vimeo.com/162505800

There were four screenings, some great
Q&A sessions, many press interviews,
and two pop-ups—the first with escamol ice cream served on the High Line,
the other with escamol tacos served at
Miscelanea, a self-described Mexican general store in the East Village. Both were
made possible by José Carlos Redon
and his brother Alessandro, who helped
us out with our fieldwork in Mexico in
March 2014 and flew up to NYC for the
premiere—with 10kg of escamoles no
less!
Many thanks to Andreas, Peter, and
everyone at Danish Documentary for
making it a thrilling and successful
week.
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A double farewell
May 31, 2016

Today is Jonas and Josh’s last day at the
lab.
Jonas started helping out at the lab informally back in 2010, and while he was
completing his master’s studies he did
his project-in-practice on kombucha and
a bee larvae consumer acceptance study
for his thesis. He joined the lab as staff
in July 2014 to head up our contributions to the Smag for Livet project; now,
he’ll be working with the Meyer group
on product development.
Josh came to the lab as an intern in June
of 2012, and was hired one year later
when we gained three years of funding
for our insect research. This project is
just wrapping up, and while we will
continue to work with insects, Josh will
be moving on to begin post-graduate
study in England in the fall.
We thank both for their multiple contributions to our work, and we wish them
all the best for their future investigations, and much continued deliciousness.

On Eating Insects – Essays, stories and recipes
January 18, 2017

New book by Nordic Food Lab - Available for pre-order now
On Eating Insects – Essays, stories and
recipes. A book by Nordic Food Lab published by Phaidon available for pre–order
now.
Insects have been the center of many
of our activities during the last years. In
May 2016 we finished the Velux-funded
project ‘Deliciousness of insects’, and naturally there has been many outcomes
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from that in the recent year - talks, press,
publications, and very importantly a
feature length-documentary film BUGS
by Andreas Johnsen.
The last milestone we lay down for the
project is the publication of a book. On
eating Insects – Essays. Stories and recipes. The book is published by Phaidon,
and it will be out in bookstores May 1st.
It can be pre-ordered from the publisher
through this link, or from major retailers.
We list Nordic Food Lab as author, as we

find that first and foremost this book
is a result of the lab’s work. We know
that this is not the conventional way
of authorship. The authors from the
lab are Josh Evans, Roberto Flore and
Michael Bom Frøst. Many other people
contributed to the project and we are
genuinely thankful for their work. This
brief blogpost is not the right place to
list all of them - they are mentioned in
the book. But in particular we need to
thank Chris Tønnesen for the beautiful
images, Rene Redzepi and Mark Bomford
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of Yale’s Sustainable Food Program for
writing foreword and introduction.
Lastly we thank our editors at Phaidon,
Sophe Hodgkin and Ellie Smith.
We really look forward to bring this
book to the world.
The end of the project also meant that
Josh moved on from the lab after being
four years with us. We wish him all the
best with his future studies at University of Cambridge.
The Nordic Food Lab will continue to
investigate the gastronomic potential of
insects in the coming years. Michael and
Roberto will be involved in a new large
insect project - InValuable - with many
partners in Denmark and abroad. Here
our role is smaller but as essential – the
creation of delicious insect foods.

Making Tea Edible: Laphet from local plants
in three ways
March 29, 2017

By Liis Tuulberg
Burmese people do not only drink a
lot of tea, but also eat it. Laphet (also
lahpet, lephet, letpet, leppet) in Burmese
represents a generic term for fermented
pickled tea leaf, whereas laphet thoke/
thohk, fermented tea leaf salad, and
ahlu-laphet, a laphet snack, are the
most common ways to consume laphet
(Maung, He and Chamba 2012). Laphet
carries a lot of cultural and historical
significance in Burma, it is associated
with national pride and considered to
be a national dish. It is claimed that
in ancient times laphet was used as a
peace offering or peace symbol between
kingdoms at war. In present day Burma,
laphet is a habitual dish eaten in various

social settings by all Burmese — from
traditional ceremonies, monasteries and
official celebrations to homes and family
get-togethers. It is said that through a
laphet tray one demonstrates his/her
hospitality towards houseguests (Han
and Aye 2015). Burmese also believe
laphet to hold health benefits, calling
it “Lord leaves” and “Lord Medicine”
(Maung et al. 2012). Since it is a staple
food, laphet products are found all over
Burma; the street stalls in Burmese
cities selling plates of laphet thoke are
the common manifestations of this food
culture (Han and Aye 2015).
With an urge to broaden the knowledge
around edible plants and to take up the
fermentation of tree and bush leaves in

the Lab, in the spring of 2016 I embarked upon an endeavour to replicate
laphet using local leaves. At first I chose
in-season leaves similar to the tea plant
camellia sinensis, with a high quantity
of tannins. Over the progression of
spring, my local laphet leaf candidates
started to successively develop into the
right picking condition. Specifically, my
intention was to use younger leaves
that were large enough to comfortably
work with but not yet too fibrous and
firm. And so, in three successive weeks, I
undertook three foraging trips. Together
with Michael I foraged beech leaves
from the Ganløse Ore forest, in Værløse,
I picked black currant leaves from a
farm in Lejre near Roskilde and finally I
collected birch leaves from the luscious
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Laphet made from young birch leaves, fermented with whey from acidified milk (syrnet mælk)

Amager fælled in Copenhagen together
with a fellow intern. Hence, the leaves
for my laphet experiment came from
very different sources. These leaves held
the stories of the places and people
from which they came.

The process of making laphet
Laphet is produced by anaerobically
fermenting tea leaves, resembling
the production process of Japanese
post-fermented teas awa bancha and
goishicha (Shii et al. 2014). The preparation of laphet starts with harvesting and
selecting young tea leaves to undergo
fermentation. The oxidation of the fresh
leaves is stopped by steaming them
for approximately five minutes, then
water is removed and another selection
process occurs. Leaves are then packed
into clay pots and pressed with heavy
weights to encourage fermentation.
At certain intervals, leaves are checked
and some additional steaming can be
applied. Steaming increases the production of phenolic compounds found in
the tea leaf, which, in turn, enable the
growth of particular microbes, whereas other unwanted and detrimental
microbes are unable to grow even if
fermentation is carried out in nonsterile conditions (Han 2015). According
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to some accounts, rolling the leaves
takes place in-between the steaming
and pressing stages (Maung et al. 2012).
The fermentation takes place due to the
naturally occurring lactic acid bacteria
(LAB) present on the leaves and in the
environment. Some reports claim laphet
is fermented in bamboo vats (rather
than clay pots) that are placed in pits
in the ground (Zafrudin 2010) — this
process adds an interesting layer to the
fermentation in regards to environment
and temperature change.
The laphet pulp softens in a few weeks,
though there are different accounts of
when the fermentation process is complete — from two weeks to three to four
months up to a year (Han 2015; Maung
et al. 2012; Zafrudin 2010). However,
there are certain physical characteristics that imply when the fermentation
is ready - leaves start to soften and
change colour from green to golden
green and the acidity decreases (Han
2015). It seems to me that the aim of the
fermentation is not so much to preserve
the leaves, though the fermentation
process surely enables one to consume
the tea leaves over a longer time span.
But fermentation is foremost carried out
to break down the fibrous structure and
to attenuate the bitter taste of fresh

tea leaves, while simultaneously adding
some interesting flavour and aroma
characteristics. In some sense, leaves are
made more edible through the fermentation process.
When I designed my laphet experiment,
I had to consider that the conditions for
processing laphet in Denmark are rather
different from those in Burma. Much
to my sorrow, the lab context did not
really allow me to ferment the laphet
in bamboo vats in the ground up to a
year… Also, I could not be certain if wild
fermentation would start based on the
LAB found naturally on the leaves, as it
does with the original laphet. I needed
to be sure that it is the LAB fermenting
the laphet and that some other bacteria
will not take over. Therefore, I decided
to inoculate the leaves with various
sources of LAB, creating five different
versions of laphet in each batch. For
the different sources of LAB, I used
whey strained from syrnet mælk (A)
and yogurt (B) as well as some skyrkultur (C) and fermented bee pollen (D)
that I mixed with filtered tap water. In
addition, I also immersed the leaves in
salt brine (E) to create an environment
favourable for the LAB. Because the beech leaves gave out enough liquid, I was
able to immerse the leaves in their own
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liquid and thus create a wild fermentation, similarly to the original laphet. The
currant and birch leaves were too dry for
the same process.
Before the inoculation, I followed a
similar procedure with all three batches.
I briefly steamed the fresh leaves - thirty
seconds for more tender beech leaves,
two minutes for more fibrous currant and birch leaves, I then rolled and
massaged the wilted leaves and mixed
with the different sources of LAB. At
that point, I placed the leaves into glass
containers and submerged them under
the liquid with weights. I checked the
progress from time to time, and let the
leaves ferment for at least two weeks.

Beech
The bright green fresh beech leaves
seemed promising — texturally tender
and light, yet somehow resilient; tastewise pleasantly astringent, resembling
unripe persimmon. From the three leaf
candidates, they were most similar to
the leaves of camellia sinensis. During
fermentation, rather strong perfumelike sour and sweet aromas started to
develop, with some batches producing
some tainted smells as well. In two
weeks, the flavours that had generated were mostly strongly acidic and
wine-like sweet-sour flavours, sadly the
texture that turned out to be unpleasant. Contrary to my hopes of a soft
and delicate composition, the tender
leaves had dissolved into a puree-like
mass, though an unpleasant toughness
still remained when trying to chew
the leaves. It was clear that consuming
beech leaves in a traditional way (such
as mixed in a salad) would not work, so
I decided to experiment with a different
approach. I took the beech leaves that
I had fermented in salt brine, I rinsed
them to remove a bit of the saltiness
and pounded the leaves into a paste
together with some typical Burmese
flavours such as fresh ginger, fresh
garlic, and chilli, while also adding some
oil, soya and rice vinegar to enhance
the texture and flavour. It turned out to

be a potent sour-spicy paste that could
be served as a condiment to grains and
certain vegetables. Perhaps a more
mildly flavoured sour paste from the
fermented beech leaves would work
as a condiment for fresh cheeses like
burrata. Still it must be pointed out that
the leaves which at first seemed most
promising, actually turned out to be the
least interesting in terms of flavour and
most problematic in terms of texture.

Black currant
Compared to the beech leaves, fresh
black currant leaves had a tougher texture, were more fibrous and rather dry.
They released little moisture even after
steaming and rolling. Their aroma was
straightforward of black currants, even
more so after steaming. Though by the
fifth fermentation day, the black currant
aroma was replaced with cloying or
in some cases more complex sweetsour smells. Two weeks after the start
of fermentation, a mellow and more
complex currant-like character returned
with some other intriguing aroma and
taste advancements. In fact, how the
collected leaves reacted to the different
LAB sources and made the flavours and
smells of the leaves transform during
the fermentation, was beautifully
demonstrated with the black currant
leaves laphet batch.
Consider the black currant leaves
fermented in syrnet mælk whey.
After two weeks, the flavour could be
characterised as fruity and sour in the
beginning and metallic towards the end,
resembling green unripe strawberries
or juicy green peaches. The aroma, in
turn, elicited savoury vegetable notes,
reminiscent of green chilli peppers. Moreover, the fibrous texture of the currant
leaves had remained but also transformed into a state where the leaves were
simultaneously firm and half-way soft,
thus pleasant to chew and fitting well
to be incorporated into a simple fresh
salad. The currant leaves fermented with
yoghurt whey had a pleasant fibrous
and dense texture, encouraging the

eater to work with her or his teeth, or,
‘get back the bite’ as one taster fittingly
commented. The same person also reported an experience of a long progression of tastes with this laphet version
- from bright sour to tingling sensations
to metallic and mineral notes, overall reminding him of the experience of eating
grape leaves.
There was one more black currant
laphet version — black currant leaves
inoculated with fermented bee pollen
where the flavour profile showed good
potential, with notes of apricot, melon,
capers and cucumbers. However, the
texture of the leaves maintained a
disturbing fibrousness. For this, an idea
was born to develop the texture further.
I detangled and dehydrated the leaves
overnight. The result was sour and
tender black currant leaf chips, extremely crunchy and subsequently melting
in the mouth. Contrary to the freshly
fermented leaves, where the acid came
right at the beginning and then softened in complex ways, the dried leaves
had almost the opposite effect — first
you got the texture, it then disintegrated a little bit on the tongue and
then a delayed flavour burst followed.
These acidified dried black currant
leaves were ideal to use in a Nordic
furikake. Furikake is a dry Japanese
seasoning consisting typically of chopped dry seaweed, sesame seeds, dried
and ground fish and some salt and
sugar. It is usually sprinkled over cooked
rice, vegetables and fish. At the Lab we
mixed the laphet leaves with some dried
and grated deer leg for umami taste and
some buttered buckwheat grains for
texture, while also adding a bit of salt.
The Nordic furikake turned out to be a
delicious condiment to be sprinkled on
top of rice or local fresh potatoes.
The black currant leaves that I had fermented in salt brine also responded well
to dehydration, changing into salty-sour
leafy and crunchy chips. While still preserving their leafy and woody character,
they were enhanced by drying, evoking
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associations from commentators such
as ‘a leaf that might have been sitting
on top of a cheese’, referring to the
umami taste the leaf acquires when
wrapped around some flavourful cheese.
The conclusion from the tastings is that
the black currant leaves which seemed
rather one-dimensional while fresh,
transformed after fermentation into
a complex mixture of flavours, tastes
and textures, with options to choose
between different courses of action
when processing to optimise them for
different gastronomic purposes.

Birch
Fresh birch leaves were light and soft,
though it is important to emphasise
that I picked spring leaves that, although
fully developed in size, were still young
and tender. Birch leaves, similarly to
currant leaves, were also rather dry and
somewhat fibrous (especially compared

to the beech leaves). Though in most
birch laphet versions, the fibrousness of
the birch leaves disappeared during the
fermentation and a firm leafy texture
remained, enabling a soft, yielding and
pleasant bite. The bitter taste of fresh
birch leaves faded as a consequence
of the fermentation, making the birch
leaves great candidates for salads
replicating original laphet consumption.
Although there were also some birch trials (e.g. birch leaves with salt brine) that
elicited some peculiar sensations, such
as foamy and soapy sensations in the
mouth as well as associations to licking
a battery – the sensation of low-current
electricity, or from gastronomic origin,
that of Sichuan pepper (seeds from
threes of Zanthoxylum genus). Birch
leaves fermented with bee pollen even
evoked feelings of pain in the sides of
the mouth of one taster; he associated it
with strong fermented foods that make
him feel agitated, excited and hot.

The best among the birch laphet
batches were definitely birch leaves
fermented in whey from syrnet mælk.
These leaves were beautifully balanced,
ticking the acidity, texture, aroma and
fruitiness boxes. The texture was slightly
slippery yet still with a good bite; the
taste was fruity – reminiscent of sour
cherries. I used these birch leaves to
make our own version of the laphet
thoke, the traditional Burmese tea leaf
salad. Laphet thoke is a balancing act of
tastes and textures, interweaving earthy,
tart and spicy taste notes together with
chewy, soft and crispy textures. This is
what I aimed to achieve when mixing
the pungent leaves together with some
roasted garlic slices, pickled ginger
stripes, sliced broccoli stems, boiled
chickpeas, sesame seeds and fermented
green chillies, while flavouring the salad
mixture with fish sauce, lime juice and
sesame oil.

Dehydrating fermented black currant leaves

Salty-sour and umami-rich dried black currant leaves on cheese

New potatoes in a Nordic furikake made from dried black currant
laphet leaves and buttered buckwheat

Laphet thoke
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Complex visualised flavour worlds information from four domains presented
simultaneously
April 28, 2017

Edited for Nordic Food Lab’s blog by
Michael Bom Frøst
Manuscript authors: Marta Bevilacqua,
Barbara Santos Silva, Michael Bom Frøst,
Benedict Reade, Kristen Rasmussen de
Vasquez, Andra Tolbus, Mikael Agerlin
Petersen, Rasmus Bro

Background
Spice mixes are cornerstones of kitchens
all over the world. The distinct flavours
that is most often used in a cuisine are
basic principles that determine that
cuisine, so-called flavours principles
(E Rozin & Rozin, 1981; Elizabeth Rozin,
1983). Some years ago we set out to characterise a good pool of 29 spice mixes
of various origins –some classical ones
from different parts of the world, some
experimental ones that we ourselves at
the lab had created and one that was
donated to us from noma. The outcome
of the sensory descriptions from 26
kind food professionals that donated
their time and delicate palates to us
is described previously in Calibrating
Flavour part I. There are many pros and
some cons of the sensory methods that
we used (Frøst, Giacalone, & Rasmussen, 2015). It is very fast to duo, and can
be carried out in almost any location
that is relatively quiet and without too
much sensory distraction such as smells

and fragrances. On the other hand, the
results will not be as precise as a traditional descriptive analysis carried out
by a trained sensory panel. But for our
purpose, to get an overview of the interrelations between a large group of spice
mixes, it was precise enough. The results
are extremely useful, and were created
with a very small financial burden to us.
But there was much more to this
audacious adventure. At University of
Copenhagen’s Department of Food
Science, the spice mixes were analysed
by Headspace Gas Chromatography
under conditions that simulate the
conditions during eating a food, where
the aromatic volatiles of the food enter
the nose via the back of the throat (the
retronasal pathway, (Shepherd, 2006)).
Further, the aroma molecules were identified by mass spectroscopy (so-called
GC-MS, Hübschmann, 2015).
The purpose of this was to study and
visualise information of very different
origins, but all characterising the same
29 spice mixes. There are 4 types of
information that we can link:
1. The sensory map (Map) – Using
projective mapping to characterize
the samples. These measurements are
collected in a matrix of dimension 29
rows x 52 columns (26 evaluators x 2

coordinate axes).
2. Sensory descriptors (Words) - In addition to the positions from the projective
mapping, there are also a number of
words that the sensory respondents (the
food professionals) have attached to the
spice mixes. After some textual analysis
of the original set of words (totalling
545 different words), this set of data
consists of a matrix with 29 rows and
113 columns – 113 different and relevant
words that escribe the sensations of the
spice mixes.
3. Aroma profiling (Odour chemicals) Through headspace sampling, GC-MS
analysis was used to obtain an aroma
profile for each spice mix. The aroma
profile consisted of the relative integrated peak area (relative concentration)
of 122 different odorous compounds.
Some of the compounds have available sensory descriptors, collected in a
smaller matrix (29 x 25 named Odour
descriptors).
4. Meta-data – name (Recipe), expressed
solely as the fraction of each ingredient,
the cultural identity or origin (geographical place or producer) and the base
(oil, aqueous, dry, fermented and dairy).
A matrix of 29 x 99 variables.
The data blocks are presented in figure 1.

Figure 1: Overview of all data blocks available
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By developing new visualization approaches and using tools from data fusion, we analysed, visualised, and explored
these complex data structures. We used
these tools to investigate the fundamental differences and commonalities
in the set of spice mixes. It is a work of
very interdisciplinary nature, requiring
data analysists, flavour chemists, food
professionals and sensory scientists. The
process was a feast for geeks, with wild
and imaginative discussions, bouncing
ideas and swimming in the data. However, the harsh realities hid us hard when
submitting the manuscript to scientific
journals. Because of the interdisciplinary
nature, it was difficult for others to appreciate all aspects of the work, and we
had it turned down from four different
journals. Finally we had to realise that
the ideas and results we presented to
the scientific community would not be
published in peer-reviewed scientific
journals. With this blog post we present
you the idea and the concept, and
the opportunity to delve deeply into

our investigation by reading the full
manuscript here, where all details about
the chemical and data analytical procedures are available, and the results are
discussed in details. In addition, we find
that the data are of a unique character.
Thus we give access to the data, so that
others may use them for further scrutiny. The data can be found here.

Excerpts of results
The projective mapping and the aroma
profiling by GC-MS provide two complementary means to quantify the differences between spice mixes, and can
be used to perform a combined analysis
that shows to what extent sensory results are already contained in the aroma
analysis and vice versa. The full data are
very complex to present visually, and a
low-rank sub-space of the total variation
is obtained by multivariate data analysis,
Principal Component Analysis (PCA) to
be precise. PCA extracts the most important variance in the data, component by

component. It allows focus on the most
important part of the variance, in the
analysis of the patterns of samples and
the variables that describe them.
In figure 2, the first two and most important components of the PCA model
are shown. These components explain
50% of the variability of the data. In
particular, the score plot with all of the
samples colored by origin (geographical
or developed by), are plotted on the top
left corner of the figure (Plot A). Plot B
shows the words that the evaluators
have used for describing the same
samples. Plot C shows a loading plot of
the volatile odour compounds. Finally,
the recipe plot (Plot D) shows how the
mixes can be interpreted on the basis
of their ingredients. There is a robust
relationship across all the matrices, demonstrating that the different matrices
extract similar patterns about the spice
mixes.

Figure 2A: Visual representation of the most important variance in the four data blocks
Sensory map and Sample origin group designated by simlar symbols (origins: Africa; Asia; Britain; Central America; Nordic Food Lab or
noma Scandinavia; South America; Southern Europe). See more in full manuscript.
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Figure 2B Sensory Words. The descriptors used by the panel to characterise the sensory properties of the spice mixes.

Figure 2C: Odour chemicals and descriptors: The different odorous compounds, and in some cases the sensory descriptors that are
known to be associated with the compounds.

The aroma analysis using gas chromatography (Figure 2 plot C), allows us to
dig further into the data. Observation
of plot C shows a loading plot of the
volatile odour compounds. On the same
plot on top of the odour chemicals, the
odour descriptors are shown. The plot
shows how most of the odours are
gathered in the upper-right part of the
plot. This can be interpreted as a general
trend of increased intensity of aroma,
going from the samples in the bottomleft part of the scores plot towards

those in the upper-right part. The dry
base consists mainly of mixes of pure
spices that have been ground up, which
contain a high concentration of many
highly volatile compounds, e.g. terpenes.
The fermented mixes will undoubtedly
have a considerable content of acids
and umami compounds which are not
captured by the GC analysis, but will
contribute to the taste of the mixes.
The oil-based mixes appear to contain
a medium level of aroma compounds,
but this may be due to higher aroma

retention in the oil under the conditions
for trapping the aroma compounds.
Finally, the recipe plot (Figure 2, plot C)
shows how the paste grouping can be
interpreted on the basis of their ingredients. One can see how the ingredients
naturally reflect the groupings such as
blueberry in the left part, juniper in the
upper, and chipotle in the lower part. A
very detailed analysis of the patterns is
provided in the full manuscript.
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Figure 2D: Recipes: Expressed as the fraction of each ingredient, the cultural identity or origin (geographical place or producer) and the
base (oil, aqueous, dry, fermented and dairy).

Conclusions
It is a comprehensive way to fuse
sensory projective mapping data, gastronomic information (recipes), and aroma
profiling (gas chromatographic data).
The method also allows for inclusion
of additional data if available. More
efforts are needed to help minimize
the barriers that result from this highly
cross-disciplinary experiment. There is
a need for the ability to communicate
across many fields of expertise such as
chemistry, flavour research, gastronomy,
mathematics, and sensory science.
Finding a common language that allows
open and creative communication is of
paramount importance for the advancement of the field.
We made a large effort to improve
the visualization of the problem by
enhancing the readability of the most
important loadings in all the loadings
plots. However, work is still required
and in the future we intend to expand
on this, taking advantage of modern
tools that computer science offers, such
as interactive visualizations that allow
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a deeper exploration of complex data
for which static plots are sometimes
inadequate.
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Creative Tastebuds - Exploring how culture
and brain collaborate on taste
June 30, 2017

Posted by Michael Bom Frøst
Our friends and collaborators at Smag
for Livet are behind this exciting symposium at Aarhus Theater September
4-5. Nordic Food Lab contribute to the
organisation of the content and will give
a few tasters as part of the conference.
This unusual symposium offers a unique
possibility for gastronomic reflection on
the concept of taste. The symposium
will present viewpoints from leading
individuals from both the arts and the
sciences, and performers from the creative sector will explore and challenge
these viewpoints by engaging in a in
dialogue with scholars as well as orchestrating experiments with the audience.

4 CREATIVE SESSIONS
Molecules and Memory: from sensing
taste to remembrance of food

On stage: Charles Spence - David Sutton
and Marije Vogelzang
Nerves and Narratives: taste and story
telling
On stage: Gordon Shepherd - David
Howes and Mark Schatzker
Landscape and Learning: building taste
into houses and minds
On stage: John Prescott - Amy Trubek
and Lone Wiggers
Substance and Sociality: the magic of
sharing taste
On stage: Ole G. Mouritsen - Carole
Counihan and Thorsten Schmidt
A NUMBER OF INNOVATIVE SHOWCASES
AND SOAP BOX DIALOGUES With contributions from the audience

It will inspire a broad audience – from
researchers to restaurateurs, architects,
food producers, chefs, and food writers.
With its cross-disciplinary and creative
approach the event invites for new and
creative collaborations, thereby making
it possible to ask new questions on the
meaning of taste: How can we think
architecture and taste together? What
is the relation between taste and nutrition? How do we share our experiences
of taste? How can we talk about taste
in a new language? Through engaging
in these themes, and many others, the
symposium contributes to the ongoing
work of developing gastronomy in the
region.The symposium is a platform for
rethinking: from concepts for restaurants, ideas for research, ways of building kitchens to ideas for menus, food
products and cook books.
Register at: www.creativetastebuds.dk

Watch here: https://www.youtube.com/watch?v=-0VxspGryTg
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Monday Aperitivo
November 8, 2017

Text Louise Beck Brønnum. Photos Julia
Sick. Edited by Michael Bom Frøst
Please welcome our new initiative,
which has been in the making for a long
time: Monday Aperitivo.
Take an ordinary Monday, the last
Monday of the month. Spice it up
with concepts such as “Gastrophysics”,
“Interdisciplinarity” and well, “aperitifs”
and your Monday is not so ordinary anymore. Monday October 30 this year, we
introduced, a new concept to facilitate
exactly these concepts under the name
Monday Aperitivo.

The Idea
Monday Aperitivo is an informal forum,
where persons can address their views
with an amount of passion of a specific
subject related to food. A forum from
where dialogues and discussions
between the sciences, craftsmanship
and industry take place to stimulate the
appetite for progress.
Our plan is to host it the last Monday
of the month from 4.30 pm - 6.30 pm,
except during holiday periods. It is a
ticketed event (tickets at billetto). Guests
are invited to listen, comment and learn
from invited speakers. There will always
be more than one speaker and always
from different disciplines.
The goal with making a Monday Aperitivo is creating an inspiring forum,
where Nordic Food Lab communicates
what we do. Furthermore, the purpose is
to connect, inspire, challenge and learn
from scientists, chefs, students, food
industry and people passionate that are
within science and food.

The Debut: Extraction and/or Infusion
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Extraction is probably one of the most
used methods in the world of food,
beverages and gastronomy. Although,
we use it every day in the preparation
of meals, we do not think about it.
From brewing coffee in the morning
to making soup for dinner - we do not
necessarily put a word on the action
of extraction. On the other hand, some
experts are well aware of using this
method to extract specific compounds
from ingredients in the production of
food.
But does the use of scientific knowledge
about extraction make a difference
in the final product? Does it boost or
limit creativity? Is it even possible to
unlock the key for the perfect extraction
method? How can we improve extraction methods by connecting scientific
knowledge and cooking? All these and
many more questions where discussed
answered and enlighten this Monday
with the guest speakers; chef Philipp Inreiter from Slurp Ramen Joint, Bartender
Geoffrey Canilao and Chris Stewart from
Balderdash and gastrophysicist Ole G.
Mouritsen.

Kitchen talks
Our guests were welcomed by Geoffrey and Chris with a cocktail specially
designed for the day, made with konbu
infused honey, lacto fermented plum
juice, gin and bull kelp extractions frozen into ice cubes. A setup of different
seaweed extracts was made available
as a “dashi” tea to demonstrate as the
simplest model of an extraction.
After this welcome, Ole and Philipp invited the guests into the kitchen where
pots and ingredients were presented on
the table. With the starting point in ramen’s short history (The wheat noodles
and the concept of ramen soup was not

introduced before post world war II), the
base of ramen, dashi, was unfolded.
Ole explained the concept of extracting
glutamate and nucleotides in order to
create the taste of uami in a dashi. The
two types of molecules are prevalent in
konbu (glutamate) and in katsuobushi
(nucleotides, mainly adenylate). A concept also used – albeit less knowingly
- in the western world, with combinations such as tomatoes and anchovies
and egg and bacon. Meanwhile, Philipp
prepared tastings of different dashis.
The classic dashi was based on konbu
extraction alone. In the second serving
Philipp elaborated on how his take on
ramen in a Nordic context where served
in Slurp ramen joint using Karl Johan
mushrooms and chanterelles. Last but
not least, Philipp gave a tasting of a
dashi with both konbu and katsuoboshi
flakes seasoned with yuzu and a secret
sauce based on soya and mirin.
After using time in the kitchen our appetites were stimulated by the wonderful and tasty umami samples and made
us ready for another cocktail. Geoffrey
and Chris served a mushroom and seaweed infused vermouth with smoked
juniper, chocolate and absinthe, while
explaining how infusion is used in the
bartender’s world of a way to tone down
flavours for a perfect balance.
Stimulated appetite!
The Kitchen Talks gave an interesting
perspective. They showed that the kitchen and bars may have different starting points, but they both use the same
method (extraction/infusion) to give a
well-balanced flavour that we can enjoy
on our plates, in our bowl or glasses.
Cheers and thanks to our three speakers.
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We hope see you for our next Monday
Aperitivo.

Recipes for some of the served food.
Courteously omitting the trade secret
parts of the Slurp ramen and Balderdash
recipes.
Seaweed extracts
5 g dried seaweed (we used konbu,

dulse, bull kelp, and sugar kelp)

500 ml of seaweed extract

500 mL soft water (still water)

12.5 g of katsoubushi (preferable freshly
shaved)

Let the dried seaweed soak 30 minutes
in water. Hereafter place water and
seaweed in sousvide bags and keep at
60°C for 30 minuttes. Strain the extract
from the seaweed.

Simple Dashi

Add the shaved katsuobushi to the
seaweed extract and steep for a 10-15
seconds. Strain the dashi through a
colander to remove the extracted katsuobushi flakes.
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The contributors and main organiser. From left Professor Ole Mouritsen, Bartender Geoffrey Canilao, Researcher Louise Beck Brønnum,
Bartender Chris Stewart and chef Philipp Inreiter

SIDE 412 | NORDIC FOOD LAB |

BLOG POSTS

Monday Aperitivo Volume II: Domestication
of Fungi
December 22, 2017

Text: Mathias Skovmand-Larsen. Editors:
Michael Bom Frøst & Louise Beck Brønnum. Photos Julia Sick.
November 27 2017, we held our second
Monday Aperitivo. This time the theme
was the kingdom of fungi, in a broad
definition. The idea of this Monday Aperitivo was to discuss and engage in the
diversity of fungi and their potential for
creating deliciousness in foods.
In gastronomy, we often mostly consider
fungi to be the edible mushrooms from
the forest and farmed mushroom. But
fungi are most importantly also used
for food and beverages preparation
and preservation. Methods creating the
most unique and delicious flavours and
textures. Often, we are not even aware
of how many foods, which are made
from the biosynthesis of fungi.
Take Saccharomyces cerevisiae, the yeast
for making bread, beer and wine, Penicillium roqueforti, the mould for making
blue cheese and the mould Rhizopus
spp. for making tempe, a traditional food
from Java in Indonesia. The list is long
and fascinating. Even more fascinating
is how we discovered, the transformation of one food ingredient into a whole
new edible and delicious product. Taste,
appetite and hunger must have been
involved in the decisions to domesticate
fungi.
Therefore, we wanted to understand
how to domesticate fungi. To enlighten
this specific topic, we had invited Professor Søren Rosendahl, working within
ecology and evolution from Department
of Biology at University of Copenhagen.
As Søren explained, humans must have
learned over time, from the appearance,
smell and taste, which fungi were good

Kim Wejendorp (Sous chef Restaurant Amass), Terkel Klein (Bar-owner Gensyn), Søren Rosendahl (Professor in mycology), Oliver Petri (bartender Gensyn) and Mathias SkovmandLarsen (Researcher at Nordic Food Lab).

for preservation of foodstuff, and by
repulsive smells or acute negative effects on health, which were bad. From
there, observing conditions around the
fungi giving a successful product, made
it possible to estimate how the “right”
fungi probably would grow. Though
fungi might look alike or have the
same family name, there can be huge
differences, and therefore neither smell
nor appearance can always be enough
to evaluate the outcome. As an example
some strains of Aspergillus niger., which
makes wonderful Pu-erh tea, but other
strains may produce mycotoxins, that
have long-term negative consequences
on health.

you live in. Different cultures often
have highly varied uses of fungi in food,
and therefore none used to many of
them. With an emerging globalisation
influencing the pace of dissemination of
new products and kitchen techniques,
it made us reflect upon whether or not
we can learn to like new fungi? The
topic of the diversity of fungi and their
potential to create delicious foods was
the frame for discussion and reflection
this Monday. Chef Kim Wejendorp, sous
chef at restaurant Amass and soon to
be responsible for their new biodiversity
lab at Refshaleøen in Copenhagen, had
kindly agreed to contribute within the
topic of interest.

Tasters

Bringing different tasters based on different moulds and kitchen methods from
Asia, he showed and explained how
new mould even can create recognisable flavours into new products. He also
found the limitation for food innovation in cultures where fungi have been
used in cooking for ages and thus were

However, not everyone finds the look
of ’edible moulds’ appealing. They may
even be disgusted by the appearance
of a mould or an aroma creating by
the fungi. This all depends on you as a
person, your food habits and the culture

| NORDIC FOOD LAB | SIDE 413

BLOG POSTS

not to be changed or used with new
ingredients. The fact that changing the
substrate for a fermentation with fungi,
also has the potential for the generation of mycotoxins. This should not be
seen as a limitation, but an important
consideration when working with fungi
in the kitchen.
To facilitate the uptake of all the
information and increase the learning
outcome, our kind new next-door
neighbour, bartender Terkel Kleist and
his colleague Oliver Petri from Gensyn her at Frederiksberg, provided us
with two delicious cocktails. First a gin
and tonic. Here yellowfoot chanterelles were infused and distilled into the
gin. The other cocktail was a complex
and intense sherry drink, mixed with a
recycled product from Amass refreshed
with a splash of shio-koji from Nordic
Food Lab’s stock. All giving the cocktails
a fungi vibe.

Fungi is a great kingdom not to be missed or messed with. It spread its hyphae
from the lab and branches into the kitchens and bars. Whether you pick them
yourself in the forest or inoculate them
on ingredients in your kitchen, you have
to be aware. With an open mind and a
touch of neophilia enjoy the unique and
delicious flavours the fungi can give to
our food.
Again a great thanks to our guest
speakers.
Long live the Fungi!

- Carrot juice inoculated with Brettanomyces,
- Kombucha inoculated with bee, sunflower and Kim himself grown on honey.
- Venison matured after inoculation of
Aspergillus spp. for 7 days
- Yoghurt inoculated with Aspergillus
spp. matured for half a year giving notes
of blue cheese
- Rice inoculated with Aspergillus spp.
Breaking down the starch and creating a
sweet taste

What was served:
Terkel Kleist:

- Yellowfoot chanterelles distill with
tonic and angostura

- Tempe (Rhizopus oryzae) made from
leftovers of Empirical Spirits’ koji production

- No waste Amass Drink with a splash of
Shio-koji

Spent grains from Empirical Spirits’ koji production inoculated
with Rhizopus oryzae and fried in oil,

Pancakes with matured yoghurt (Aspergillus oryzae)

Cocktail from Gensyn based on recycled products from restaurant Amass.
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Welcome 2018 - thanks for everything in 2017
December 30, 2017

Text: Louise Beck Brønnum and Michael
Bom Frøst
Editor: Julia Sick.
Photos: Roberto Flore, Julia Sick, Rikke
Højer, Louise Beck Brønnum, Vild Mad
A new year is approaching. Throughout
December the Lab has been smelling
of pine (a-pinene), cinnamon (cinnamaldehyde), cloves (eugenol), oranges
(octyl acetate) and gløgg - the Danish
mulled wine. It is a time to enjoy meals
together with family and friends and to
remember all the pleasant memories
from the past year, and to make a brief
inventory of the activities in the lab.
Therefore, we would like to share some
of our best memories from 2017 with
you.
This year Nordic Food Lab published
the book “On eating insects”, about our
work with insects and how we explored
the deliciousness of insects around the
world. We are truly honoured by the
positive feedback it has received.
We contributed to numerous festivals, symposiums and food events in
Denmark and beyond as part of Smag
for Livet [lit. Taste for Life). We have been
doing our best to teach and inspire
people about taste and the flavour of
biodiversity. Ranging from tasting of various Danish currant and plum varieties
at Bærfestival [lit. the Berry festival] and
Seed Exchange Festival to workshops
teaching Gyotako (Japanese fish prints)
techniques for fish, squid and oysters at
the VILD MAD festival, Kulinarisk Sydfyn
and other places. Serving some tasters
to startle the audience at Creative tastebuds. We have created an awesome wild
food card game and developed beautiful
short films about how food producers
use their senses to guide their work. To
this and much more - look forward to
find on our blog soon!

nternationally speaking, we contributed
to the World Creative Economy Summit in Shanghai, InnoFood at Stanford,
Making sense of Taste in Philadelphia,
hosted a tempe tasting at the Institute
Paul Bocuse in Lyon and presented
some of our research at the Pangborn
Symposium in Rhode Island. With every
trip, we disseminate our latest knowledge to the public, but also get inspired
with new knowledge, methods, culinary
techniques and ingredients from all over
the world that we can experiment with
in our research kitchen at the University
of Copenhagen.
2017 also saw a new type of event.
Monday Aperitivo is a new initiative,
which has been simmering on the back
burner for some time. This October we
hosted our first. An event aiming to
create an informal forum, where people
can address their views with an amount
of passion of a specific subject related
to food. A forum from where dialogs
and discussions between sciences,
craftsmanship and industry take place
to stimulate the appetite for progress.
We tasted dashi and seaweed cocktails
while talking about extraction, discussed the domestication of fungi and their

use in the kitchen to create interesting
flavours. The planning of the next
Monday Aperitivos for 2018 is already in
progress, so we are very much looking
forward to sharing the future dates with
you soon!
A new creature has captured our
research interest in the last couple of
months. Together with Professor Ole
Mouritsen we have taken up gastronomic research on the topic of Squids!
With more than 25 different species
in the Danish waters and a growing
population, squid is the new black gastronomically speaking. We look forward
to continuing our work in Smag for Livet
on this project and sharing more of our
exploration with you here on the blog!
A vast amount of projects and ideas are
coming up for the next year to explore
deliciousness in many aspects and we
cannot wait to get started.

Some numbers to highlight the year
2017
140,000 unique visitors to our website.
This is the main purpose of what we do
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– to share information with those that
seek it. This is an astounding number
that humbles us. To all of you – thank
you so much for using our work.
We reached 20K followers on Twitter
and we are approaching 10K on Instagram
8 new publications with contributions
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from us.
3 new staff members – We are now 8
team members - so many that it is difficult to find space for interns, hence we
have only had room for 3 interns in 2017.
6 different students worked with us for
their MSc-theses in Food Innovation
and Health. Thanks to all of you for your
great work for the lab.

Batch number 5 of Anty Gin our joint
venture with Cambridge Distillery is
already sold out from our own stock but
it is available from our selected retailer.
You can still find a few bottles of batch
number 4 there too. Cheers!
A Happy New Year to all of you. See you
in 2018.
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A squidelicious aperitivo
February 10, 2018

Written by Yi-ting Sun, Edited by; Roberto Flore, Louise Beck Brønnum and
Michael Bom Frøst.
Photo Credits: Roberto Flore, Julia Sick
and Jonas Drotner Mouritsen
We were very excited to host our 3rd
Monday Aperitivo 29th of January after
our previous successful Monday Aperitivo in 2017. A concept where science and
culinary techniques meet for a kitchen
talk to stimulate appetite! This time,
squids from the North took the stage of
discussion, reflection and our palates.

The set-up
During the last few months, Nordic Food
Lab has been working on Danish squids
as part of the project, Smag for Livet.
Our Monday Aperitivo seemed like the
perfect occasion to disseminate some
of the work from the lab and therefore
Roberto Flore, Yi-ting Sun and Louise
Beck Brønnum had choosen this subject
for our 3rd Monday Aperitivo.
One of the presenters was Roberto Flore,
the head of culinary research and development in Nordic Food Lab, who was
introducing the culinary point of view
through the dishes and products that he
developed during the past few months
in the lab. Futhermore, we were honored
to have Paw Dalgaard from DTU, professor in Predictive Food Microbiology, who
gave a scientific analysis of food safety
concerns on both fresh and preserved
squid. Last but not least, no Aperitivo is
without a glass of appetite-provoking
beverage. This Monday Aperitivo, a
friend of the house, Raffaele Mor, wine
master from Il buco, not only stimulated
our tastebuds with the beauty of natural wine but shared his aesthetics and
emotions of wine pairing.

Squids of the North

Squids, together with octopus and
cuttlefish are all named “blæksprutte” in
Danish. Indeed they are all cephalopods,
but actually under different orders in
taxonomy. Just like other cephalopods,
squids have bilaterally symmetrical arrangement, and their whole body comprise of a big mantle, 2 fins, 8 arms and
2 long tentacles. In the past, this unique
appearance made it often described as
sea monsters in different sailor stories.
In Nordic gastronomy, even though
squids are found in the surrounding sea,
squids have not been incorporated into
the northern food culture. Generally,
the only impression of squids in the
northern regions are as deep-fried rings
of squid hidden under a layer of beignet
dough, which to be honest is beyond
recognition for this creature’s amazing
flavor.
However, squids are considered as
delicacies in many other cultures in
Asia and Mediterranean areas: fullydried squids used for stock in China;
semi-dried shredded squids as snack is
a popular product in both Taiwan and
Japan; and Shiokara, fermented squid
viscera mixed with squid mantle strips, a
typical appetizer in Japan.
Although high-end Danish restaurants
already are working with different
techniques to prepare and preserve
squids, such as smoking or the squidtzel, served at Barr in late January 2018.
Still, one could challenge the range of
possible preparation methods in order
to utilise squids more in the northern
kitchens. But, developing new products
also means lack of knowledge in food
safety, such as shelf-life, and potential
pathogens. This is a challenge that we,
at Nordic Food Lab, have been facing for
the past few months, and could also be
a barrier for innovation in general.

To pair or not to pair
The first plate, that kicked the event
off, was a “Squid liver and puffed pork”:
Focaccia made on sourdough served
with coal-black sauce based on viscera
of squid (ink and liver). The innards were
slowly cooked together with garlic until
a rich and thick sauce was obtained.
Some would say, it has flavours comparable to that of Mexican mole. Crunchy
and spicy puffed pork skin was served
aside to give contrast to the very rich
viscera sauce and fluffy oily bread.
Vino Bianco metodo Olimpia” from
Cantina Giardino was Raffaele’s choice
to complete the first serving: A sparkling wine with a yellow-to-amber color
and characterized by its relatively high
amount of tannins from the maceration
and sour notes from the spontanous
fermentation. The effervescence and
astringency gave a refreshing mouthfeel
to contrast the fattiness of the first dish.
This pairing showed that a sommelier can purposely contrast the flavors
between the wine and the dish to give a
more diverse but complete sensation.
After thefirst bite, the guests consisting
of chefs, food-lovers and researchers,
moved to the kitchen where the 2nd
round and different parts from squids,
were served. “Pickled squid, roses and
beets”. This dish was based on retractor
muscles from squids (actually we called
them as “the loins of squids” in the lab),
which were pickled in rose petal vinegar
and served with raw beetroot, rose oil
and dill. Following, the prototype of
canned squid arms in oil, which Roberto
had worked on, were tasted. Along with
these acidic and floral bites, “Rosé di
Refosco” from Borc Dodon 2010 was in
our glass. Spontaneously fermented
but not fully dry, characteristic notes
of sweetness and floral flavours were
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balanced out with mild astringency
that accomplished the floweriness and
sweetness of the squid to perfection.
Not like the sparkling orange wine, the
rosé matched the dish in line with the
flavours. Savoring the similarities is
another way a sommelier can choose to
pair beverage and food.

A question of life or death, but also
deliciousness!
The semi-dried squid, developed by Roberto together Yi-Ting, and cured squid
braids were this evening’s last savoury
serving (More info about the products
will be in our future post. Stay tuned!).
These servings led the kitchen talk
towards safety control from Paw Dalgaard. A roller coaster ride went both
up-and downsides from all potential
hazards one could face when working
with squids as well as effective control
methods that could be implemented
to assure product safety. Starting with
parasites, passing through pathogens,
such as Listeria Monocytogenes and
Clostridium Boutulinum, the ride ended

up with spoiling microorganisms and
TMA enzymes that give off-flavours to
squids. Luckily, all our products were predicted safe by Paw, due to good kitchen
practices and hurdle approach which
combined several preventive methods
such as salting, lowering pH, drying,
smoking, and other methods from the
kitchen.

But dessert, was where all the magic
happened.
Roberto Flore, originally from Sardinia,
wanted to pay homage to his home
island. He prepared a raw blended
squid paste served in between of sugar
glazed pana carasau bread, with drops
of lemon verbena oil and a final touch
of dried capers powder. The raw squid
paste possessed a fatty and amazingly
creamy texture together with a hint of
natural sweetness from squids.
Rafaelle had chosen a glass of Sardinian
“Malvasia di Bosa” produced by Gianmichele Columbu, just fitted like the cherry
on a cake. The grapes harvested from 135
year old wine plants (meaning original

Squid opened and with the internal shell removed
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pre-phylloxera European roots!) are
growing along the Sardinian coast. Thus,
a salty layer developed from the seabreeze, which could be tracked in the taste
of the wine. Futhermore, the wine was
oxidized by flor yeast, which gave the
wine a complex body, with savory and
nutty notes, as well as a bit astringency,
which balanced the fatty but lightlyseasoned squid dessert.
In summary, we had a great evening
with both eye- and palate-opening experience. Thanks a lot to the guest speakers: Paw Dalgaard and Raffaele Mor, as
well as our head chef, Roberto Flore.
Anyway, the ship has sailed and ready to
explore more squi-deliciousness of the
north!
By the way, a group of people from the
lab are heading to Sardinia for an indepth experience of squids. Stay tuned!
We are looking forward seeing you on
our next Monday Aperitivo in March.
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Roberto was preparing for the first tester before participants arriving.

“Squid liver and puffed pork”, prepared by Roberto Flore

Raffaele introducing the wines

“Pickled squid, roses and beets”, prepared by Roberto Flore

Raw squid paste dessert prepared by Roberto

Canned smoked squid arms
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Wild Aperitivo
May 15, 2018

The Nordic Food Lab proudly presents
Wild Aperitivo as part of the 4th Wild
& Feral Food Week 2018
The 4th Wild & Feral Food Week 2018 is
founded by our friends at Berkeley Open
Source Food. The purpose is to connect
produce suppliers, markets, and restaurants to create a space for wild and feral
edible plants to provide interesting,
delicious ingredients for consumers and
chefs.
Nordic Food Lab hosts and contributes
to the event Wild Aperitivo to showcase the delicious potential of wild and
feral foods in our own community. The

Wild Aperitivo to some degreee follow
our Monday Aperitivo. It is an informal
forum, where people can address their
views with an amount of passion of a
specific subject related to food. A forum
from where dialogues and discussions
between sciences, craftsmanship and
industry take place to stimulate the appetite for progress.
The program for the event We will offer
lectures, showcases, discussions, and
small tastings on wild foods presented
by our special guest Professor from UC
Berkeley and founder of BOSF, Philip B.
Stark, Chef Søren Ejlersen from Årstiderne and Lene Ejlersen, the authors of

the recent book Vildnis (lit. Wilderness)
as well as Head of culinary research
and development at Nordic Food Lab,
Roberto Flore, and the two Mixologists
Mads Schack and Hardeep Rehal.
Join us on informative lectures and be
part of our interactive showcases that
highlight the use of wild food in gastronomy. Tickets are for sale at billetto.
Remember to sign up for the showcases
prior to the event. More details about
these will follow via email. Stay tuned!
Wild. Feral. Delicious.

Recent harvest from Amager, Kongelundsskoven, Copenhagen. 1. Garlic Mustard. 2. Angelica 3. Sea arrowgrass 4. Firewood 5. Queen-ofthe-prairie 6. Cherry 7. Rowan 8. Yarrow 9. Broadleaved pepperweed 10. Japenese cherry 11. Woodlouse 12. Wood ear, 13. Grassleaf orache
14. Herb Bennet 15. Beech 16. Ramson 17. Few-flowered garlic 18. Pine 19. Black currant
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Gastro-Science-Chef symposium at
Department of Food Science June 13 and 14
May 28, 2018

Participate in GASTRO-SCIENCE-CHEF
2018 - an international two-day
symposium on science and cooking
hosted by The Department of Food
Science (FOOD) at the University of
Copenhagen.
In the last couple of decades we have
witnessed an increasing interaction between chefs and scientists, fueling new
trends in both cooking and research. This
two-day symposium brings together
chefs, scientists, students, and culinary
entrepreneurs to discuss matters of
mutual interest with the aim of further
cross-fertilization and developing of
new ideas for future and collaborative
work. A particular emphasis will be on
communication and public outreach.
The symposium will include workshops
with gastronomic and gastrophysical
demonstrations and experimentation.

Program
Date: June 13, 2018
Venue: University of Copenhagen, Frederiksberg Campus, Thorvaldsensvej 40,
Auditorium A2-81.01

13.00-13.15
Welcome: Scope of the symposium,
Pia Sörensen, Roberto Flore, and Ole G.
Mouritsen
13.15-13.55
The new role of the chef in the 21st
century, Anne McBride (New York) &
Roberto Flore (Copenhagen)
14.00-14.40
Science and Cooking Program at Harvard, Pia Sörensen (Harvard)
14.45-15.15
Intriguing refreshments
15.15-15.55
Social equality through taste and food,
Tamas David-Barret (Oxford) & Francesco Impallomeni (Copenhagen)
16.00-16.30
Holistic Cuisine – when culinary arts
extend beyond the plate, Rasmus Munk
& Louise Beck Brønnum (Copenhagen)

Impallomeni, Nordhavn Coffee Roasters)
The taste of Alchemist (Rasmus Munk ,
Alchemist)
Exploring physical origins of culinary
foam (Mai Nguyen & Kezi Cheng, Harvard)
18.00
End of first day

Date: June 14, 2018
Venue: University of Copenhagen, Frederiksberg Campus, Bülowsvej 17, Auditorium A1-01.01
8.30-9.00
Coffee, tea, and rolls
9.00-9.40
Teaching chefs in a gastrolab setting,
Rachel Edward-Stuart (London) & Morten Christensen (Odense)

16.45-18.00
Workshops

9.45-10.10
Gastrophysics and gastronomy of squid:
as case study, Charlotte Vinther Schmidt
(Copenhagen) & Peter Lionet Faxholm
(Copenhagen)

Coffee roasting and tasting (Francesco

10.15-10.45
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Refreshments
10.45-11.25
How do gastrophysicists work? - Jozef
Youssef (London) & Mathias Porsmose
Clausen (Odense)
11.30-12.10
The science of tempeh and sous-vide
of meat, Bernat Guixer (Girona) & Jorge
Ruiz Carrascal (Extremadura)
12.15-12.30
Whisky – a topic for research, teaching,
and outreach, Jens Risbo (Copenhagen)

12.30-13.45
An experimental lunch
13.45-14.25
Soft matter physics meet the culinary
arts: from polymers to jellyfish, Thomas
Vilgis (Mainz) & Mie Thorborg (Odense)
14.30-15.10
Short talks
15.15-15.45
Refreshments

15.45-16.25
Public understanding of science via food
and taste, Pia Sörensen (Harvard) & Ole
G. Mouritsen (Copenhagen)
16.30
End of symposium
Participation is free. There are limited
spaces, and there is a no show fee of 250
DKK.

The symposium is sponsored by Smag
for Livet (Taste for Life) and Science
and Cooking at Harvard

Monday Aperitivo: Sourdough - Living
cultures
Måned 12, 2018
Written by Julia Sick, edited by Michael Bom
Frøst, photos by Yi-Ting Sun.

And we did it again! The Nordic Food
Lab hosted its 4th Monday Aperitivo at
the University of Copenhagen on the
19th of March. Our guest speakers included Rasmus Kristensen from Jalm&B,

Associate Professor Emerita Åse Hansen
from the Department of Food Science at
University of Copenhagen and bartender Hardeep Rehal owning the cocktail
bar Blume in Copenhagen.
The ingredients for this time’s lecture were flour and water…and some

Set-up of the science table with different sourdough starter cultures and grain varieties.
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microorganisms, which are most often
overseen too easily despite their importance to bring that gluey mass of dough
to life.
Human’s use of the living culture can
be tracked back 5000 years. Back then,
people did not have an explanation

BLOG POSTS

tiny microbes with the naked eye; however, you can see and smell the consequences of their microbial activity.
A set-up of various samples demonstrated influences of different grain
varieties, fermentation time and temperature. A little “pre-taste”, if you can
say so…

The debate of the flavor creator

While the smell of freshly baked bread
already crossed our smell receptors, we
moved straight to our research kitchen
to listen to the interactive talks between
Åse and Rasmus.
But before that Rasmus, who clearly masters his craftsmanship, prepared some
tasters of freshly baked sourdough
bread and asked for a short sensory
evaluation. We concluded on a mouthwatering bread with complex flavor
and a balanced acidity, good crust and a
moist crumb that was “gelatinized” with
evenly distributed alveoli (wholes in the
bread).

Microscopic image of wild yeast and lactic
acid bacteria from a cultivated rye sourdough. The LAB:yeast ratio in sourdoughs
is generally 100:1.

for the spontaneous rise of bread, and
rather explained it by either magic
or religion. With the development of
scientific microbiology in the 19th
century, the rise of bread was attributed
to the presence of wild yeasts from the
atmosphere. They form a symbiotic relationship with lactic acid bacteria that
create the characteristic sourness in the
dough that is not present in most bread
made with baker’s yeast.

The science table

All guests started with a tour around
the “science table”. You cannot see the

Åse, the omniscient researcher with over
50 years of experience in sourdough
enriched our knowledge about its microbiology and fermentation properties.
As she informed us, the sourdough
flavors are developed during a long
fermentation process that requires at
least 12-24 hours, while fermentation
through baker’s yeast only takes 1-2
hours. The lactic acid bacteria are mainly
responsible for the acidification of the
sourdough, whereas the yeasts are very
important for the production of flavor
compounds and some acids.
Rasmus mentioned that the bread that
we purchase nowadays in supermarkets
are most often made with commercial
yeast, undergo a very short fermentation and contain various additives for
preservation and taste. Therefore, he
supports the idea to provide supermarkets with sourdough bread to make
it available for all of us, however, this
brings its challenges. One of the main
difficulties is to maintain a stable cul-

ture of wild microorganisms to control
the fermentation process and to achieve
the same results each time. Sourdough
needs to be more controlled as the
variation in the composition of specific
microorganisms depends on the fermentation conditions, such as flour type,
extraction rate, water content, fermentation temperature, fermentation time,
and how the sourdough is refreshed, as
Åse explained.
Rasmus shared his experience that
when serving his own bread to his
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Hardeep Rehal introducing the cocktails

friends and colleagues, they observed
easier digestibility and overall better
well-being. Åse explained this by the
fact that grains cannot be fully digested
by human, but a long fermentation
allows the present microorganisms to
“predigest” the indigestible compounds
for us. Additionally, the nutritional value
is enhanced by the use of whole grain
flour as it contains a higher content of
free minerals, which are made available
for us during the long time of fermentation as phytate, a phytic acids, prevents
the absorption of these minerals.

What’s sourdough doing in a cocktail?
For our aperitifs, we had the honor to
host Hardeep. For a second, you might
wonder what cocktails have to do
with sourdough? And well, after this
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afternoon we can tell you: a lot. The first
drink created was based on a sourdough
extraction, basically, a rye sourdough
fermented for 48h, centrifuged and
pasteurized. The extraction added a mix
of fruity, tangy and lemon-like flavors
that he combined with Aquavit, unripe
rhubarb juice and fresh dill.
Grains are the fundament for making
sourdough, so the second drink was
based on an extraction of 2h slowly
roasted and milled purple wheat. The
liquid was siphoned with nitrous oxide
directly into a glass, which resulted in an
exceedingly creamy and delicate texture
with savory notes of cacao, coffee and
cardamom.
Thanks to all contributors that joined us
this afternoon!

Read more about our guest speakers
here:
Åse Hansen, Associate Professor
Emerita, Department of Food Science,
University of Copenhagen.
Rasmus Kristensen Instagram from
Jalm&B Instagram
Hardeep Rehal Instagram, from Blume
Instagram

References
Åse Solvej Hansen (2012), Sourdough
Bread, In Hui, Y.H. & Özgül Evanuz, E. Eds.
Handbook of Plant-Based Fermented
Food and Beverage Technology, Second
Edition, pp.493-516
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Nordic Food Lab Radio charts the influences behind the lab’s work to investigate the edible potential of the Nordic region. Conversations, questions, and stories from the lab explore the role of taste in food diversity, ecology, sensory perception, and identity.
We strive to bring you sound-rich stories that take you out to learn in the field and then combine those ideas in the kitchen. Featuring a range of content from short snacks to long meals, Nordic Food Lab Radio is about listening to the world with curiosity.
And wondering: does it tastes good?
Subscribe to NFLR RSS feed with the URL: http://feeds.soundcloud.com/users/soundcloud:users:138906842/sounds.rss

Tang Tango
March 2, 2015

Seaweed science from the water to the kitchen.
By Meradith Hoddinott
Seaweed, or tang in Danish, is so much more than the smelly stuff you find on the beach. Marine algae form a fascinating underwater world of jungles, forests, meadows, and plains. Algae hold tremendous power, and our relationship with them dramatically
shapes the marine landscape, whether we are aware of it or not. Asian cultures have been cultivating seaweed for centuries, but
seaweed farming is a new frontier in Danish waters. Can taste shape the future of seaweed in Denmark?
Voices: Daniel Conley, Peter Schmedes, Ole Mouritsen, Josh Evans, and Roberto Flore.
Music: Frog & Toad by Archie Pelago
Listen here: https://soundcloud.com/nordic-food-lab-radio/tang-tango

What’s Your Favourite Seaweed?
Seaweed foragers, scientists, farmers, and chefs share their favourite seaweed dishes.
Voices: Thomas Larson, Ole Mouritsen, Susan Holdt, Peter Schmedes, Josh Evans, and Roberto Flore.
Music: Travelling Light by Dr. Fidelity
Listen here: https://soundcloud.com/nordic-food-lab-radio/whats-you-favourite-seaweed

In Search of Sea Lettuce
Roberto Flore, Head Chef of Nordic Food Lab, goes on a quest to find fresh seaweed in Copenhagen’s Torvehallerne market.
Music: Short Selling by Pollen
Listen here: https://soundcloud.com/nordic-food-lab-radio/in-search-of-sea-lettuce
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Seaweed Foraging
Forager and teacher Thomas Laursen describes foraging for seaweed along the Danish coast.
Listen here: https://soundcloud.com/nordic-food-lab-radio/seaweed-foraging

Thoughts from the Field: Tom the Termite
Man
March 16, 2015

By Meradith Hoddinott
For some, eating insects sounds strange. But for many, insects are everyday staples and sometimes treasured delicacies. The lab
is in the midst of a 3-year project that aims to learn from cultures around the world and explore the gastronomic potential of
insects. The project, Discerning Taste: Deliciousness as an Argument for Entomophagy, is funded by the Velux Foundation.
Our first insect story takes place in the lush hills of central Uganda, in an area called Kisoga, west of Kampala.
Voices: Josh Evans, Ben Reade, Tom Lugeba, and Rogers Sserunjogi
Music: Strobe Lights by King Pleaxure
Field audio from Andreas Johnsen
Listen here https://soundcloud.com/nordic-food-lab-radio/thoughts-from-the-field-tom-the-termite-man

Complex Sandwiches
Tom’s wife, Ritah, makes roasted termites for Josh and Ben.
Voices: Josh Evans, Ben Reade, and Tom Lugeba
Field audio from Andreas Johnsen
Listen here: https://soundcloud.com/nordic-food-lab-radio/complex-sandwiches

Thoughts from the Field: Tasting the Outback
April 6, 2015
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By Meradith Hoddinott
In this second installment of Thoughts from the Field, Josh takes us to Yuendumu, a remote town of a few hundred people in the
middle of the Central Australian desert. Often times, the lab’s work in the field is nothing like what they had in mind. What does
it mean to go into another culture and ask questions? What are some of the challenges and obstacles in fieldwork? And what are
some of the unexpected rewards?

Honey Ants

Voices: Josh Evans, Ben Reade, Andreas Johnsen, Wendy Baarda, Coral Kelake, and Tess Napaljarri Ross
Music: It’s Cold and Beautiful by Magical Mistakes
Field audio from Andreas Johnsen
Listen here: https://soundcloud.com/nordic-food-lab-radio/honey-ants

Bush Coconuts
Voices: Josh Evans, Ben Reade, Andreas Johnsen, and Rahab Spencer
Music: Packaging by Pollen RX and AR AK by Pollen RX
Field audio from Andreas Johnsen
Listen here: https://soundcloud.com/nordic-food-lab-radio/bush-coconuts
Discerning Taste: Deliciousness as an Argument for Entomophagy is a project funded by the Velux Foundation. Through this project, the lab aims to learn from cultures around the world and explore the gastronomic potential of insects. Check out the first
installment of Thoughts from the Field.

A not so simple staple
April 14, 2015

By Meradith Hoddinott
Jonas combines three simple ingredients (flour, water, and salt) into an object of great gastronomic complexity: bread. We go
back to bread’s origins in grain and talk about the microbial and molecular transformations that make bread possible.
Voices: Jonas Astrup Pedersen and Per Grupe
Music: The Bankrupt! Diaries by Phoenix
Listen here: https://soundcloud.com/nordic-food-lab-radio/a-not-so-simple-staple
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The Proust Effect
Jonas reminisces about his days studying at Danish folk high school (højskole), and how reading Proust there shaped how he
interacts with food today.
Voices: Jonas Astrup Pedersen
Music: One More by Cymande
Listen here: https://soundcloud.com/nordic-food-lab-radio/the-proust-effect
NFLR will be going on a short break. The next episode will be coming to you on May 11th.

Two white flies
May 19, 2015

By Meradith Hoddinott
Roberto Flore and David Pedersen talk about their experiences with and views on hunting. The chef and hunter discuss the popular perception of hunting in contemporary society, their vision of hunting as a way of connecting with one’s environment and
its potential for sensitive ecological management. They also describe how they have been influenced by each other’s work in the
kitchen and the forest.
Listen here: https://soundcloud.com/nordic-food-lab-radio/two-white-flies

Thoughts from the Field: Desert Eggs
June 3, 2015

By Meradith Hoddinott
The Thoughts in the Field series has brought us all over the world. In this last installment, the lab unearths one of Mexico’s most
sought after delicacies – escamoles – and reflects on the methods and potential of semi-cultivation practices.
Listen here: https://soundcloud.com/nordic-food-lab-radio/desert-eggs

The Smell Game
November 3, 2015
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By Meradith Hoddinott
We follow Ghislaine Calleja, a Masters student at the University of Copenhagen, who is working with us to develop a children’s
game that encourages kids to have fun with their food and try new things. This project is part of a partnership between Nordic
Food Lab and Smag for Livet—a center funded by the Nordea Foundation that promotes education through taste.
This is the last episode of NFLR season 1, produced by Meradith. We’ll be starting up season 2 soon, with a new producer—but in
the meantime, huge thanks to Meradith, and enjoy her final episode. —ed.
Listen here: https://soundcloud.com/nordic-food-lab-radio/the-smell-game

We must let them taste
November 17, 2015

Welcome to season 2 of NFLR. This season, we say thank you and farewell to our founding producer Meradith, and welcome a
new producer, Anna Sigrithur, to the mic. -ed.
By Anna Sigrithur
Meet Laila Spik Skaltje: the Sami reindeer herder and traditional foods teacher that I lived and worked with this summer in
Swedish Lapland.
Laila is a steward of her family’s ecological wisdom—but she is not afraid of working with modern agents like timber companies
and ambitious restaurants, carrying on her father’s work of educating the world about the value of Sami knowledge.
In this episode—and throughout this season of NFLR, which will follow my summer with Laila—we explore the complexities of
living a modern life ’close to nature’, and how Laila uses taste as a way to bring people into her world.
Listen here: https://soundcloud.com/nordic-food-lab-radio/episode-1-let-them-taste

Sun, Wind and Pine Bark
November 27, 2015

By Anna Sigrithur
The Sami are known as the people of the Sun and Wind; named for the elements that they harness to survive and thrive in a sometimes challenging environment. Learning from Laila about her traditional foods, I came to realise that much of Sami cuisine
relies on the process of dehydration: the extraction of water from a food lightens the load for travelling herders and inhibits food
spoilage allowing foods to be stored and preserved for the long dark winter.
The Sami food traditions were developed around these imperatives. Amongst Laila’s many stories about her childhood was the
story of her mother’s breads which were baked with all manner of dehydrated and ground plants, representing the diversity
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of the forest around them. For me, the most interesting flours were ones made from the outer and inner barks of the pine and
birch trees that blanket the mountains in Sápmi. In this episode Laila tells us her mother’s bread story, and we take a forest walk
to learn about the harvesting of pine bark for flours.
To learn more about the uses of pine and birch bark flours in Scandinavia, as well as some recipes we have been developing at
the lab, make sure to read our blog post on tree bark.
Listen here: https://soundcloud.com/nordic-food-lab-radio/sun-wind-and-pine-bark

’I would kiss them before I eat them’
December 4, 2015

By Anna Sigrithur
It is nowadays an all-but-forgotten practice, but there is also a Sami tradition of insect-eating. It was never a huge part of their
diet, but as Laila emphasises, when you must survive in the arctic, every little thing helps, especially nutrient-dense and, for some,
particularly tasty morsels like these—which is why her father taught her to eat the larvae of Hypoderma tarandi, the Reindeer
Warble Fly.
Listen here: https://soundcloud.com/nordic-food-lab-radio/i-would-kiss-them-before-i-eat-them

The Old New Superfood
December 11, 2015

By Anna Sigrithur
The chaga mushroom (Inonotus obliquus; Báhkkecátná in Sami language) grows on birch trees. It has become a trendy ’superfood’ in recent years, marketed as a mystical Siberian tonic for many ailments. Yet it has also been used as a traditional medicine
for thousands of years in Sápmi, the territory of the indigenous Sami people in northern Scandinavia, as well as in other regions
of the sub-Arctic.
Use of chaga has declined over recent generations. Yet, after researchers began studying the fungus for its health benefits and
it became a health supplement sold in pill form, younger people started to reclaim interest in chaga’s traditional use. In this episode, Sami teacher Laila Spik Skaltje talks about both the uses and cultural meaning of báhkkecátná, and Sami journalist Máret
Steinfjell shares her perspective on what she describes as chaga’s youth-driven renaissance.
Listen here: https://soundcloud.com/nordic-food-lab-radio/chaga-final-cut
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Charisma and conservation
January 8, 2016

By Anna Sigrithur and Meradith Hoddinott
In the quest to obtain sensory pleasures, the seeker sometimes puts ethics aside. This conundrum is especially true when it
comes to food and eating. But what if taste could help us participate in flourishing ecologies by attuning us to when and how
best to eat certain organisms? The answer is complicated, in part by our human tendency to assign value unevenly to different
organisms—a phenomenon aptly described as ’non-human charisma’ (Lorimer, 2007).
In this episode, we explore how non-human charisma colours the tension between deliciousness and conservation. Our main
story takes us to the Danish island of Bornholm in the Baltic sea, the site of a troubling drama between cod, local fisherman, a
lot of worms, and an overpopulation of protected grey seals. But first, we take you back up into Sápmi where, for Sami reindeer
herders, the endangered golden eagle is less majestic treasure, more economic hindrance—and even sometimes a vital threat.
Listen here: https://soundcloud.com/nordic-food-lab-radio/charisma-and-conservation
Music in this episode from Bicycle Face.

References
Lorimer, J. 2007. ’Non-human charisma’. Environment and Planning 25:5, 911-932.

Rumenation
February 6, 2016

By Anna Sigrithur
Ruminants chewing and re-chewing their cud has shaped human civilization. By grace of their unique four-chambered stomach
and its microbiome, plant material indigestible to humans is transformed into food for the animal and for others.
Yet the rumen itself, the chamber of the stomach responsible for this microbial breakdown of plant matter, also contains a
nutrient-dense slurry known as ’green soup’ that has been eaten as a last-minute supplement by herders and hunters around
the world. Roberto and I wondered if we could interact with this process in vitro to create new dishes, or to render edible new
ingredients. But a question began to gnaw at us, forcing us to some rumination of our own: When it comes to food traditions, is
there a line between surviving and thriving? Or is it less a line than a loop? And what is the value in trying to translate ephemeral, in-the-field food experiences into dishes in the kitchen?
Listen here: https://soundcloud.com/nordic-food-lab-radio/rumenating
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BUG FOLIO

While we continue to work with insects, our three-year project on insect gastronomy funded by the Velux Foundation finished on
31 May 2016.
Here is the Bug Folio, a collection of 20 or so publications (academic, popular, and otherwise) and 125 recipes from the field and
the lab created and documented over that time.
See the Bug Folio here: https://drive.google.com/drive/folders/0B46WJt5cWLFoejh4MnZxYWpqQTg
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ANTY GIN

After its debut at 2013’s Pestival tasting, a long development process to ready it for market, its first commercial run of ninety-nine
bottles and a media maelstrom, and its second commercial run being sold at Hedonism Wines and Selfridge’s, we are now preparing the third production run of Anty Gin with our friends at Cambridge Distillery.
We hope you enjoy it.
The NFL team

Anty Gin
A joint venture between experimental
Copenhagen-based Nordic Food Lab
and the world’s first gin tailor, The
Cambridge Distillery, is introducing a
new and somewhat different gin to the
market.
Formica rufa, the red wood ant, are
found in forests around the Northern
Hemisphere, and are inspiringly sophisticated creatures. They communicate
using a host of chemical pheromones,
which allow them to form immense
colonies housed in large mounds, and
they defend their complex communities by producing formic acid in
their abdomens and spraying it in the
direction of any invader. Luckily for
us, these very compounds hold great
delicious potential. Formic acid (the
simplest organic carboxylic acid, with
the chemical formula HCOOH) is a very
reactive compound in alcohol, serving as
an agent for producing various aromatic esters. Furthermore, many of their
chemical pheromones are the same
volatile molecules we perceive as aroma.
Through distillation of these wood ants,
we can explore the tasty universe of
these naturally occurring molecules and
reactions, capturing the flavours of this
fascinating species.
Over six thousand Formica rufa have
been foraged and preserved by Forager,
a team of wild plant specialists led by
Miles Irving in the forests of Kent, UK.
Each bottle of Anty Gin will contain the
essence of approximately sixty-two
wood ants. To support the distinctive
flavour of the wood ant distillate and
the characteristics of Bulgarian juniper
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berries, we have selected a handful of
prime-quality, wild springtime botanicals to add complexity to the final blend:
wood avens (Geum urbanum), nettle
(Urtica dioica), and alexanders seed
(Smyrnium olusatrum). In order to ensure exceptional quality of base alcohol,
only 100% organic grown English wheat
has been used for the spirit, and every
distillation is carried out just one litre
a time.
Our first commercial batch of Anty Gin
will produce only ninety-nine bottles, at
a retail price of £200 GBP (Euro 250) per
bottle. From foraging to bottling and
labelling by hand with The Cambridge
Distillery’s 1924 typewriter, every step
of the process has been done with a
dedication to craft. And to share our
excitement for the unique flavour of the
Formica rufa, each bottle of Anty Gin will
come with a 50 ml bottle of pure wood
ant distillate.
We look forward to sharing it with you.
___________________________________
Nordic Food Lab is a non-profit, opensource organisation that investigates
food diversity and deliciousness. We
combine scientific and cultural approaches with culinary techniques from
around the world to explore the edible
potential of the Nordic region. We work
to broaden our taste, generating and
adapting practical ideas and methods
for those who make food and those who
enjoy eating.
The Cambridge Distillery is the world’s
first gin tailor, using unique methods to

create bespoke gins for individuals, organisations and institutions. Approaching
the traditional craft of gin distillation
from a modern, scientific angle, we
experiment continually to discover and
apply the best methods of extraction
and distillation for each botanical and
flavour we work with.
___________________________________
Available this week in limited numbers
from:
www.cambridgedistilleryshop.co.uk
700ml Anty Gin
+ 50ml Ant Distillate dropper
£200 / Euro 250
For more information, please contact:

Nordic Food Lab

Will Lowe
+45 52732253
will@cambridgedistillery.co.uk

The Cambridge Distillery

Roberto Flore
+44 07970 339015
rf@nordicfoodlab.org
___________________________________

ANTY GIN

Anty Gin

RT @NordicFoodLab: Danish winter
herbs ready to meet fermented beans.
Grateful to eat this at the thoughest
time of… https://t.co/bqW3ZM2Nzy
Jan 25, 2017, 8:25 AM

Anty Gin

RT @NordicFoodLab: New post on our
blog. On eating insects - Essays, stories
and recipes can be pre-ordered now.…
https://t.co/CxKxzEqvnH
Jan 18, 2017, 10:39 PM

Anty Gin

https://t.co/vWxfgAtHaj
Nov 30, 2016, 4:42 PM

Anty Gin

RT @atasteofinsects: NEWSBREAK:
#BUGStheFilm wins award at Italian
environmental film festival @Cinemam-

biente https://t.co/MJF0gB0GPZ
#edibleinsects #eatbugs
Jun 6, 2016, 10:44 PM

Anty Gin

Anty Gin on stage...
https://t.co/f3XLHdhcOu
May 9, 2016, 8:59 AM

Anty Gin

Ants/flavour treasures at @NordicFoodLab (Photo by Brian Finke)
https://t.co/9mbElsCQQ9
May 3, 2016, 10:05 AM

Anty Gin

RT @NordicFoodLab: @antygin @robbeflo @joshdevans @JCRedon andreas
johnsen @AftonHalloran @NordicFoodLab #bugs! #NYC come and taste!!
https://t.co/oeLjL65pSL
Apr 25, 2016, 1:10 PM

Anty Gin

RT @CambridgeGin: Our famous @AntyGin (world’s most innovative alcohol!)
is now available to customers in the
USA via @Hedonism_Wines! https://t.
co/1F3esRa5s6
Apr 20, 2016, 6:10 PM

Anty Gin

Watch out for BUGS :-) We’re extremely
excited on behalf of @NordicFoodLab
and co. https://t.co/F3rPGBcJ6P
Apr 13, 2016, 8:59 AM

Anty Gin

Teaming up with wonderful gins from
@CambridgeGin at #cambridgeginfestival! @NordicFoodLab salutes!
(img @will_lowe)
https://t.co/mV4Oxacqo1
Apr 11, 2016, 10:44 AM
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APPEARANCES

Where we’ll be:
23-24 June 2018:

We will be at Kulinarisk Sydfyn and carry out workshops and other activities aimed at children. Michael, Mathias and Julia will be
there. More information will follow.

13-14 June 2018:

Roberto, Taste for Life and Science & Cooking/Harvard present Gastro-science-chef 2018: an international two-day symposium
on science and cooking. The symposium takes place at the University of Copenhagen, Frederiksberg Campus, and participation is
free of charge. Our whole team contribute to make this a success. See the program and register here

Where we’ve been:
24 May 2018:

The Nordic Food Lab proudly presented ”Wild Aperitivo” as part of the 4th Wild & Feral Food Week 2018

14-18 May 2018:

Roberto contributing to the international conference insects to feed the world in China

17 May 2018:

Michael presented some of our work from Smag for Livet and our view on the three tiers of food interaction at Danish Nutrition
Society (read more here )

16 May 2018:

Michael presented our collaboration with Jacobsen Craft Brewery to a group from the International Organisation of Vine and
Wine at Jacobsen Brewery

4 May 2018:

Michael delivers a keynote lecture at MIFFI - 1st international conference on Microbial Food and Feed Ingredients. The Lab will
provide tasters prepared by Anna and Rikke. more

6 April 2018:

Michael will present an overview of some of our work and Julia and Rikke will showcase some of the activities we have developed during Smag for Livet at Smag for Livets afslutningskonference (in Danish), DGI-byen Copenhagen, Denmark. more

31 March 2018:

Rikke did a brill Gyotaku workshop at a local fishmonger in Tversted, Denmark.

23 March:

Anna will talk about ”FOOD WASTE - Sharing food with those who need it” at the CPH:DOX event The Living Room x Opbyg Samfundet // CPH:DOX 2018.

19 March 2018:

Mathias moderated a talk between chef Flynn McGarry, his mother and Cameron Yates, the director of the documentary ’Chef
Flynn’, at a closed event for chef students at Charlottenborg. This event is a part of the CPH:DOX festival.

13 March 2018:

Rikke presented at an event by Smak av Kysten in Bergen, Norway.
The title of her presentation is: Future costumers: How can we get more kids to eat more fish and seafood? (Fremtidens kunder:
Hvordan kan vi få flere barn til å spise mer sjømat?)

5-6 March 2018:

Roberto lecturing at Harvard Universty on ”Exploring Deliciousness – Insects in a Gastronomic Context”. Science & Cooking
lectures series.
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27 February 2018:

Michael presented our work at Université Laval, Ville de Quebéc, Canada

26 February 2018:

Michael delivered a ”conférences du savoir” (knowlegde conference) about our work at Montréal en Lumière in Montreal, Canada.

26 February 2018:

Michael presented our work at Institute Tourisme et l’Hôtellerie Quebéc in Montreal, Canada

February 2017:

Louise, Roberto and Ole Mouritsen from the Squid Squad were in Sardinia to explore the wonderful world of cephalopods. Watch
the trailer about their work and stay tuned for more. Video credits Luca Manunza

8-9 November 2017:

Roberto gave a talk at III Conreso Internacional Gastronomia & Salud in Zaragoza.

27-29 October 2017:

Roberto contributed as keynote speaker to the world creative economy forum in Shanghai, China.

22 October 2017:

Julia had a workshop on the senses and wild food at Torvehallerne, Denmark

27-29 September 2017:

Rikke and Dwi were at 6th SAPERE Scientific & Dissemination Symposium.

26 September 2017:

Dwi was invited to make a Tempe tasting at Institut Paul Bocuse Research Center.

22 September 2017:

Mathias and Louise hosted “Madkundskabslektorerne” to teach them fermentation and conservation.

15-16 September 2017:

Roberto was invited to serve pop up dinner at a la Piscine du Rhone in Lyon in connection to the VEGGIEAT exchange program.

4-5 September 2017:

All team members contributed to Creative Tastebuds at Aarhus Teater, Denmark.

27 August 2017:

Louise, Julia, Rikke, and Mathias gave workshops on testing wild food at Vild Mad Festival at Amager Fælled, Denmark.

20-24 August 2017:

Rikke, Dwi, and Michael presented research at Pangborn Symposium 2017 at Rhode Island Convention Center, USA.

23-24 August 2017:

Roberto contributed to World Food Summit, Copenhagen, Denmark.

19-20 August 2017:

Louise, Mathias, and Julia contributed to Seed Exchange, Lejre, Denmark.

5 August 2017:

Louise and Michael contributed to Læsø Langoustine festival, Læsø, Denmark.

28 June 2017:

Dwi presented on Workshop Cooking Cultures and Innovation: Evolution of Traditional Recipes at Institute Paul Bocuse.
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25-26 June 2017:

Rikke, Julia, Louise, Mathias and Michael gave workshops for children at Kulinarisk Sydfyn, Svendborg, Denmark.

30 May 2017:

Michael gave a seminar about our work and vision for food at Department of Viticulture and Enology, UCDavis, California, USA.

25+26 May 2017:

Michael contributed to a panel discussion - Global Food at FoodInno symposium, Stanford d-school, California, USA

26 April 2017:

Michael shared our work and vision for food innovation with investors and startups at Hello København - Founders Reception organised by
Index Ventures in Copenhagen.

24 March 2017:

Roberto presented some insect dishes in master chef spain.

10 March 2017:

Rikke gave a presentation on ”Non-hegemonic taste education” in an event ”Stop Making Sense: a conversation between sensory and social
science about food and drink” at The Chemical Heritage Foundation, USA.

10 March 2017:

Mathias gave a presentation on ”Teaching with and about taste” in an event ”Stop Making Sense: a conversation between sensory and social
science about food and drink” at The Chemical Heritage Foundation, USA.

2 February 2017:

Roberto gave a presentation on ”Fermentation, science, gastronomy” at the University of Copenhagen, Denmark.

12 December 2016:

Roberto gave a presentation on ”Changing what we eat” at Dome of Vision, Stockholm, Sweden.

20 Oct -11 Nov 2016:

Dwi, Roberto, and Anna were in Yogyakarta, Indonesia to run a restaurant setting experiment on consumer perception of Tempe in gastronomic
context.

22 September 2016:

Roberto served a 9 course dinner for Zinemaldia 2016 international film festival San Sebastian in connection with the Screening of BUGS.

21 September 2016:

Roberto gave a lecture in the Basque Culinary Center regarding uses of Edible insect in Modern Gastronomic context to the master class Avantgard Gastronomy.

16 September 2016:

Roberto gave a lecture regarding Food Security and Food Insecurity at the University of Gastronomic science Master classe Food and Health.

11-14 September 2016:

Michael presented a poster on ”The effect of organic fair trade labelling on consumer responses to 12 commercial vanilla ice creams” at Eurosense 2016 in Dijon, France.

11-14 September 2016:

Dwi presented a poster on ”Product information affects perception of sensory, collative properties and elicited emotions of Indonesian tempe”
at Eurosense 2016 in Dijon, France.

21 August 2016:

Roberto in connection with BUSG premiere in Denmark served a few insect snacks in the Grand central theater.
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19 August 2016:

Roberto together with some former interns from NFL served few insect snacks to CPH cooking week in connection with BUSG
premiere in Denmark.

16 -17 June 2016:

Roberto presented at the conference at Limmerick Ireland - 12 annual THRIC- a taste of tourism.

25-26 June 2016:

Rikke and Michael were at Kulinarisk Sydfyn, as part of Smag for Livet’s contribution to the culinary festival. more (in Danish)

11 May 2016:

Michael presented at Mat dagen, The Swedish Food Confederation’s yearly conference in Stockholm. more (in Swedish)

26 May 2016:

Michael was a keynote speaker at Berkeley-Stanford Food Innovation and Design Symposium in California.

15 April 2016:

Roberto gave lecture and preparing dinner for the master Food innovation & health at Pollenzo Italy Slow Food University.

1-4 March 2016:

Roberto presented at the conference on ”legislation and standards to promote the use of insects as food and feed. Create awareness and inform policy decision in the sector” at Bondo University of Bondo Kenya.

22-24 February 2016:

Roberto gave lecture about Nordic Gastronomy and Food Innovation at Örebro University Sweden.

15 December 2015:

Roberto taught a course on cooking with insects at the Basque Culinary Centre.

9 December 2015:

Jonas presented about Tomorrow’s meatball: An exploration of future food at Space 10, Copenhagen, Denmark.

4 December 2015:

Josh presented with collaborators on Entomophagy and Power at the ’Insects as food and feed interdisciplinary workshop’ at the
University of Oxford, UK.

10 November 2015:

Roberto and Josh will be presenting a short clip from our upcoming documentary film BUGS, and giving a talk on our insect
research at CPH:CONFERENCE as part of the Copenhagen Documentary Film Festival.

5 November 2015:

Jonas and Dwi presented about our work with sourdough and tempe at Indigenous Terra Madre in Shillong, NE India.

2 November 2015:

Michael presented on our work at the Marmite Food Lab in Zürich, Switzerland.

19 October 2015:

Josh gave a Master’s Tea at Calhoun College, Yale University, on our work in general and our insects research.

17 October 2015:

Josh spoke on a panel and giving a workshop at ’Eating Through Time: Food, Health, History’ at the New York Academy of Medicine.

5 October 2015:
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Roberto presented on Rai (Italian National Television) at the World Expo in Milan on ’Foods of the future’.

4 October 2015:

Roberto led a workshop called ”Edible Insects: Novel or Novelty?” at Terra Madre Giovani in Milan.

30 September 2015:

Roberto spoke at the European Parliament in a seminar entitled ”What we will be eating in 2025” and serving some insect dishes during the
conference.

8 September 2015:

Josh gave a presentation on our work at the kick-off meeting for MicroWine, an EU research consortium for wine microbiology.

23-27 August 2015:

Dwi presented a poster on ”Indonesian consumers’ perception of modernised and original version of traditional food” at the Pangborn Sensory
Science Symposium in Gothenburg, Sweden.

31 July 2015:

Jonas will be giving a talk on our work for Pecha Kucha Copenhagen as part of the Trailerpark Festival.

27 July 2015:

Josh gave a workshop on insects in ecological and gastronomic context in Steigen, Norway.

3-5 July 2015:

Josh participated in the Oxford Symposium on Food and Cookery in Oxford, England.

26-28 June 2015:

Michael, Jonas, Charlotte and Rikke will share our work with Smag for Livet at Kulinarisk Sydfyn in Svendborg, Denmark.

24-26 June 2015:

Michael, Josh, and Bernat convened a session on our work entitled ’Asian Foodways In and Out of the Nordic Region’ at the conference ’Food,
Feeding and Eating In and Out of Asia’ run by the Asian Dynamics Initiative at the University of Copenhagen, and Roberto contributed to a session entitled ’Food Security/Safety in Southeast Asia’.

15-19 June 2015:

Roberto and Santiago cooked and taught for one week at Le Tavole Accademiche at the University of Gastronomic Sciences in Bra, Italy.

12 June 2015:

The whole team shared our work at Folkemødet on Bornholm, Denmark, as part of the Smag for Livet project.

1 June 2015:

Michael shared our work on insects at the Stockholm Food Forum 2015.

18 May 2015:

Jonas presented at the Alchemist Flavour Festival in Athens, Greece.

12 May 2015:

Jonas contributed to the workshop ’A Taste of the Future’ in Oslo.

23-24 April 2015:

Michael and Jonas presented as part of Smag for Livet at Forsknings Døgn in Copenhagen.

13 April 2015:

Roberto and Josh presented at Le Strade della Mozzarella in Paestum, Italy.
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11 April 2015:

Roberto and Josh shared our work at Sangue na Guelra / Young Chefs with Guts Festival in Lisbon, Portugal.

20 March 2015:

Josh presented on our work at the Forests for Food - Food for Forests Conference at the United Nations Economic Commission for
Europe (UNECE) along with the Food and Agriculture Organisation (FAO) in Geneva.

9 March 2015:

Michael presented at the White Guide Trend Seminar in Stockholm, Sweden.

19 February 2015:

Roberto contributed to a workshop on insects in gastronomic context at Le Cordon Bleu Dusit Culinary Institute in Bangkok,
Thailand.

8-10 February 2015:

Roberto and Jonas presented at Identità Golose in Milan, Italy.

5 February 2015:

Josh and Roberto shared our vision for edible insects at a debate hosted by Jordbrugs Akademikere in Copenhagen.

3 February 2015:

Josh presented on the intersections between taste and health in our work for the Wellcome Trust Foundation at the Medical
Museion in Copenhagen.

16 January 2015:

Jonas Astrup Pedersen gave a presentation on our vision for ’Future Food’ for Danish youth at the Concito think tank in Copenhagen.

26 October 2014:

Josh Evans and Roberto Flore, along with our former team member Ben Reade, presented some of our work with insects based
on field work over the past year at Salone del Gusto in Turin, Italy.

5 October 2014:

Josh Evans and Roberto Flore conducted a workshop and gave a short talk at the Stadt Land Food festival in Berlin.

2-3 October 2014:

Josh Evans presented on a panel and at a dinner event at Duke University as part of the series ’Subnature and Culinary Culture’.

2 October 2014:

Jonas Astrup Pedersen shared our work at a food film event for Politiken’s IBYEN at the imminently open LilleBROR.

28-29 September 2014:

Michael Bom Frøst presented at the Food and Data Workshop at the Royal Society in Chicheley, England.

17 September 2014:

Michael Bom Frøst presented at the Nordic Taste & Flavour Centre in Göteborg, Sweden.

9 September 2014:

Josh Evans recorded a podcast interview with the Yale Sustainable Food Project and Yale Radio on our work.

9 September 2014:

Jonas Astrup Pedersen presented his Master’s Thesis entitled ’Disgusting or Delicious’ at the EuroSense 2014: Sense of Life (6th
European Conference on Sensory and Consumer Research) hosted by Elsevier in Copenhagen, Denmark.
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9 September 2014:

Josh Evans presented our work at Yale University in conversation with Professor of History Paul Freedman, hosted by the Yale
Sustainable Food Project.

6 September 2014:

Josh Evans presented on the parallel pursuits of biodiversity and deliciousness at Mistura in Lima, Peru.

4 September 2014:

Michael Bom Frøst gave a talk for the Swedish food industry on introducing new foods to the world at the Svenska Livsmedelsdage conference ’Sense and Sensibility’ in Tylösand, Sweden.

14-15 July 2014:

Michael Bom Frøst gave workshops at the University of Gastronomic Sciences in Bra, Italy.

21-22 June 2014:

The whole team was cooking, leading workshops and sharing the edible diversity of the oceans at Science at Sea on Copenhagen
harbour.

16 June 2014:

Michael Bom Frøst gave a brief introduction to our work and to innovation in entrepreneurship at the Druid Conference 2014 at
Copenhagen Business School.

16-18 May 2014:

Ben Reade appeared on two panels at the Ballymaloe Litfest of Food & Wine at Ballymaloe Cookery School, Ireland.

14-17 May 2014:

Ben Reade and Josh Evans presented some of our insect gastronomy work at the FAO/WUR ’Insects to Feed the World’ conference at Wageningen University in the Netherlands.

12 May 2014:

Michael Bom Frøst presented some of our work on the use of sensory methods in culinary contexts such as development kitchens at the sensory science conference SenseAsia 2014.

11 May 2014:

Ben Reade shared some stories from our ento-culinary field work at the Food Film Festival in Amsterdam.

7-10 May 2014:

Michael Bom Frøst visited Gadjah Mada University in Yogyakarta, Indonesia to present our thoughts on how chefs and scientists
can collaborate.

16-17 March 2014:

Ben Reade was a plenary speaker and panelist at the International Association of Culinary Professionals conference in Chicago.

13 March 2014:

Avery McGuire presented on how to attract the Y Generation to the Nordic countries through food at Serviceforum at the Nordic
Hotel School in Stavanger, Norway.

5 March 2014:

Josh Evans presented to students, staff, and board members at William Angliss Institute in Melbourne on the connections between food diversity, taste, and resilience in food systems.

1 March 2014:

Josh Evans cooked alongside James Viles for ’Terroir on the Table’ as part of the First Fruit Dinner Series at the Adelaide Festival in
Adelaide.
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21 February 2014:

Ben Reade presented at The University of London as part of an event ’The virtues of the table: The ethics of food choices’.

18 February 2014:

Ben Reade taught as part of the MSc Gastronomy program at Queen Margaret University in Edinburgh.

9 November 2013:

Ben Reade presented a talk ’Triumphs of a Delicious Revolution’ at TEDxUniversityofMacedonia.

25 October 2013:

Ben Reade spoke about the importance of play in our methodology at Playful 2013 in London.

8 October 2013:

Ben Reade and Michael Bom Frøst presented ’Food System Innovation for Diversity’ at the HQ of the Food and Agricultural Organization of the United Nations, Rome, Italy.

1-6 October 2013:

Ben Reade shared our work at 2013 AsiO Gusto in Namyangju, South Korea.

29 September 2013:

Ben Reade presented our work at Chef Sache in Köln.

20 September 2013:

Ben Reade spoke at Arctic Food Festival in Mosjøen, Norway.

30 August 2013:

Ben Reade presented a paper on ’The Art and Science of Fermentation’ at the Annual Meeting of the Korean Society of Food
Science and Technology in Seoul.

20 July 2013:

Ben Reade spoke on resilience in delicious systems at The Lost Lectures in London.

1 July 2013:

Josh Evans shared our work with the International Summer Faculty at Copenhagen Business School.

3-6 May 2013:

Ben Reade was a speaker at the Ballymaloe Literary Festival of Food and Wine in East Cork, Ireland.

30 April - 1 May 2013:

Ben Reade and Michael Bom Frøst gave a presentation with tastings on our work with edible insects at Pestival in London. more
via Wellcome Collection

7 April 2013:

Josh Evans presented on fish sauce as a model for developing more efficient local food systems at the 19th Australian Gastronomy Symposium in Newcastle, Australia.

6 April 2013:

Mark Emil Hermansen presented a paper based on his work on terroir at the ”The New Nordic Cuisine in New York City” Symposium at Columbia University.

23 March 2013:  

Ben Reade lead a tasting workshop at the Food Film Festival in Amsterdam.

5 December 2012:
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Ben Reade and Michael Bom Frøst presented tastings of shellfish at a conference in Nordjylland on Danish shellfish, as part of
our collaboration with the Danish food organisation Madkulturen.

26 November 2012:

Ben Reade and Michael Bom Frøst lead a tasting workshop on Danish game at the conference ’Det Vilde Danmark’ at Ledreborg
Slot in Lejre, as part of our collaboration with the Danish food organisation Madkulturen. The title of the tasting was ’A journey
of discovery in Nordic tastes’; the conference was in Danish and was organised by Madkulturen and Region Sjælland.

5 November 2012:

Director Michael Bom Frøst gave a presentation on the sensory experience of food at the showing of ’Entre les Bras’ at the Copenhagen International Documentary Film Festival.

25 October 2012:

Ben Reade and Michael Bom Frøst lead a tasting workshop at the biennial Salone Del Gusto /Terra Madre festival in Turin, Italy.

24 October 2012:

Ben Reade and Michael Bom Frøst talk on ’Fermentation as Traditional Biotechnology in a Modern Context’ at the University of
Gastronomic Sciences, Pollenzo, Italy .

8 October 2012:

Ben Reade and Michael Bom Frøst gave a presentation at the Food4You conference in Wageningen, Netherlands, in collaboration
with microbiologist Eddy Smid of Wageningen University, on the role of salt in food fermentation.

7 September 2012:

Lars Williams lead a tasting workshop at FOOD Festival in Aarhus, with Dan Felder of Momofuku Lab in New York.

5 September 2012:

Lars Williams and Mark Emil Hermansen presented at the Kavli Popular Science Lectures as part of Kavli Prize Week in Oslo,
Norway.

1 September 2012:

Josh Evans presented our søl ice cream to hundreds of kids at Meyers Madmodsløb at Tiøren in Copenhagen’s Amager Strand.

27-28 August 2012:

Lars Williams presented at the Gastrophysics Symposium in Copenhagen on ’Culinary Applications of Microbial Ethnobiology’, in
collaboration with Dan Felder of Momofuku Lab.

26 August 2012:

Ben Reade and Mark Emil Hermansen lead a taste workshop at Nordic Taste, run by Copenhagen Cooking.

25 July 2012:

Lars Williams presented on ’Delineating the edible and the inedible: or, how to get gringos to eat bugs’ at Mesamérica in Mexico
City.

7 July 2012:

Ben Reade presents ’Bog butter: a gastronomic perspective’ at the Oxford Symposium on Food and Cookery, St Catherine’s College, Oxford, UK.

2 July 2012:

Lars Williams and Mark Hermansen presented on ’Delineating the edible and the inedible’ for the first time at the MAD Symposium 2012.

| NORDIC FOOD LAB | SIDE 447

BUG FOLIO

SIDE 448 | NORDIC FOOD LAB |

PUBLICATIONS

What we’ve published:
Flore, R. 2017. L’esploratore di cibi straordinari [in Italian and English - lit. The explorer of extraordinary foods ] Dispensa No.7.
DeCosta, P. E. I., Møller, P., Frøst, M. B., & Olsen, A. (2017). Madmodige børn [in Danish - lit. Taste courageous children ] - Smag #5 .
Download for free here: http://smagforlivet.dk/artikler/smag-05-madmodige-børn
Nordic Food Lab, Evans, J., Flore, R., Frøst, M.B. 2017. On eating insects. Phaidon: https://uk.phaidon.com/store/food-cook/oneating-insects-9780714873343/#tab-4
Damsbo-Svendsen, M. , Frøst, MB , & Olsen, A. (2017). A review of instruments developed to measure food neophobia . Appetite ,
113 , 358-367. DOI: 10.1016 / j.appet.2017.02.032
Damsbo-Svendsen, M., Frøst, M. B., & Olsen, A. (2017). Development of novel tools to measure food neophobia in children. Appetite, 113, 255-263. DOI: 10.1016/j.appet.2017.02.035
DeCosta, P. E. I., Møller, P., Frøst, M. B., & Olsen, A. (2017). Changing children’s eating behaviour - A review of experimental research.
Appetite, 113, 327-357. DOI: 10.1016/j.appet.2017.03.004
Mouritsen, OG , Duelund, L., Calleja, G. , & Frøst, MB (2017). Flavor of fermented fish, insect, game, and pea sauces: garum revisited
. International Journal of Gastronomy and Food Science , 9 , 16-28. DOI: 10.1016 / j.ijgfs.2017.05.002
Jensen AB, Evans J, Jonas-Levi A, Benjamin O, Martinez I, Dahle B, Roos N, Lecocq A, Foley, K. ’Standard methods for Apis mellifera
brood as human food’. In Dietemann V, Ellis JD & Neumann P (Eds.) (2017) Journal of Apicultural Research 56 (?). Taylor & Francis.
<http://www.tandfonline.com/doi/full/10.1080/00218839.2016.1226606>
Evans J, Müller A, Jensen AB, Dahle B, Flore R, Eilenberg J, Frøst MB. A descriptive sensory analysis of honeybee drone brood
from Denmark and Norway. Journal of Insects for Food and Feed. 2 (2016), 277 - 283. <http://www.wageningenacademic.com/
doi/10.3920/JIFF2016.0014>.
Müller A, Evans J, Payne C, Roberts R. 2016. Entomophagy and Power. Journal of Insects for Food and Feed. <http://www.wageningenacademic.com/doi/pdf/10.3920/JIFF2016.0010>.
Evans J, Alemu MH, Flore R, Frøst MB, Halloran A, Jensen AB, Maciel-Vergara G, Meyer-Rochow VB, Münke-Svendsen C, Olsen SB,
Payne C, Roos N, Rozin P, Tan HSG, van Huis A, Vantomme P, Eilenberg J. 2015. ’Entomophagy’: an evolving terminology in need of
review. Journal of Insects for Food and Feed. <http://www.wageningenacademic.com/doi/abs/10.3920/JIFF2015.0074>.
Evans, J. ”Bee Bread”. Books, Health, and History: The New York Academy of Medicine. 1.10.2015. <http://nyamcenterforhistory.
org/2015/10/01/bee-bread/>.
Reade, B, de Valicourt, J, Evans, J. ”Fermentation art and science at the Nordic Food Lab”. In Sloan P, Legrand W, Hindley C (eds.) The
Routledge Handbook of Sustainable Food and Gastronomy. London and New York: Routledge, 2015. pp.228-241. [pdf]
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Those who’ve shared our work
23.04.18 DK folkeskolen.dk: Forsker til elever: ”smag på insekter”
01.04.18 EN n by Norwegian: Flavours of the future / we can see the bigger picture
02.03.18 CA Travelling Foodie: Montreal en Lumiere 2018: Why It’s A Festival For Foodies
07.02.18 UK The drinks business: Carlsberg and Nordic food lab release high-end beers for top Danish restaurants
29.01.18 HK Metro Pop (Hong Kong): Eating insects in the future
10.10.17 JP AXIS: Pursuing diversity in food through collaboration between scientists and chefs
26.09.17 US The New York Times: Review: ‘Bugs,’ Is a Culinary Adventure. Insects Never Looked so Yummy.
30.08.17 US Forbes: Most Of The World Eats Bugs; The Nordic Food Lab Thinks You Should, Too
27.05.17 UK Pebble Magazine: Are insects the new sushi?
24.05.17 UK Independent: How eating giant hornets and cheese with larvae could solve the global food crisis
18.05.17 UK Fine Dining Lovers: THE CATASTROPHIC MEAL: IS THIS THE FUTURE FOOD?
13.05.17 NZ Newstalk ZB: Could bugs be the answer to global hunger?
06.05.17 IT Milano Design Film Festival Video Magazine: Gli Insetti come nutrimento del futuro
01.05.17 UK In good taste: Review: On eating insect
30.04.17 US Forbes: Why Eating Insects May Not Be As Sustainable As It Seems
00.00.17 ES Tapas: Esta es la cocina donde viven los bichos
00.00.17 UK Billionaire: The Insectivore’s Dilemma
00.12.16 ES Cocina Semana: El Sabor De Los Bichos
19.8.16 IT Fine dining Lovers: RANCIDITÀ IN CUCINA: DA ERRORE A (BUONA) OPPORTUNITÀ
18.8.16 UK Fine Dining Lovers: RANCIDITY: IT’S ALL A MATTER OF TASTE
21.7.16 IT La Stampa: Un mondo di insetti
2016 UK Tedxluiss: Why we love to eat bugs and why you should too
10.6.16 UK VICE: Why the Future of Food is Bugs
4.6.16 IT Repubblica: Insetti a colazione e banconote da 21: le sfide del mondo di domani
3.6.16 UK Haute de Gamme: My favourite flavour
28.4.16 UK Paste: Save the Bees or Eat the Bees?
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28.4.16 UK Inverse: What Eating Bugs Won’t Save Us, but Letting Them Chew Up Awful Food Systems Will
28.4.16 US Break Thru Radio: When Insects Become A Delicacy
26.4.16 US Huffington Post: Bugs, or Help! Mama’s Cooking with Larvae
25.4.16 US Triple Motion: Escamoles (Ant Larvae) Ice Cream
25.4.16 US The Film Stage: BUGS—Tribeca 2016 Review
21.4.16 DK Munchies: Vi serverede skovmyrer og voksmøl på kokkeskolen Le Cordon Bleu
17.4.16 UK The Upcoming: Bugs
15.4.16 US Scientific American: Science at the 2016 Tribeca Film Festival and Beyond
12.4.16 US Bugible: REINVENTING ENTOMOPHAGY FOR THE 21ST CENTURY
07.4.16 US NPR: ’Bugs’ On Film: Digging Into Insect Cuisine
06.4.16 DK Euroman: Gastronomer vil have dig til at drikke gin med myrer og spise tacos med larver
06.4.16 DK Munchies: Da flettet lammetarm og indvolde-ost fandt vej til det nordiske køkken
02.4.16 IT Algheroeco: Thiesi: grande successo per Manos in Pasta 2016
29.3.16 IT La Nuova: Un premio per lo chef Roberto Flore
22.3.16 IT Blog di Lifestyle: Novel food, prodotti alimentari insoliti
22.3.16 IT Sasari Notizie: A Sergio Mei e Roberto Flore l’Oscar del Saper fare di Manos in Pasta 2016
22.3.16 IT Bentos: Lo chef di Seneghe Roberto Flore tra i vincitori dell’Oscar del Saper fare di Manos in Pasta
2016 Rolf Theuerkauf & Benny Gade: Biavl: bier, blomster og honning (Beekeeping: bees, flowers, and honey)
27.1.16 US Huffington Post: Reinventing Entomophagy for the 21st Century
18.1.16 FI Sydan, Finland: Muurahaisia lautaselle ja muita ehdotuksia
13.1.16 ES Culinary Interaction: Roberto Flore: “Respetando el mundo de los otros, encuentras un sitio para el tuyo”
10.1.16 EN Culinary Interaction: NORDIC FOOD LAB: THREE-WAY GASTRONOMIC RESEARCH
2015 UK Hot Rum Cow: From cocktail to cockroach
13.11.15 US National Geographic: Beyond Taste Buds: The Science of Delicious
22.10.15 IE Irishtimes: Select: Feed on history, news and ideas with food podcasts
3.9.15 UK BBC Radio 4: FutureProofing [from 25:42]
1.9.15 IT Fine Dining Lovers: Join us inside the Nordic Food Lab
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23.6.15 US Forbes: Your Ant-Infused Gin Is Now Being Served
6.2015 AT PM: Ameisen? Köstlich!
June 2015 CA Bouffe: L’internet à la rescousse
29.5.15 US Bon Appétit: The Best Food Podcasts
26.5.15 US Adweek: Each Bottle of This Gin is Flavored With the Venom and Pheromones of 62 Ants
25.5.15 UK NewsTalk: Weepy crawlies: There’s a new ant-flavoured gin on the market
20.5.15 US Huffington Post: For $300, You Can Drink Gin Made From The Bodies Of Foraged Ants
20.5.15 NI Information Nigeria: Read Of The ’Anty Gin’ – The Gin Made Out Of Ants
20.5.15 US Food World News: Gin Made With Ants: UK Distillery creates Anty Gin, Made With 62 Ants!
20.5.15 UK Beverage Daily: Gin made with ants: Distillery adds new dimension to insect potential
20.5.15 MY Malay Mail Online: Why some Danish chefs are growing irritated of the ’New Nordic Cuisine’ label
May 2015 DE Die Zeit: Unser Geheimnisvolles Ich, Band 1 – Das Welt im Kopf [retrospective, pp115-124]
19.5.15 UK Homemade: This one-of-a-kind gin is made from actual ants
19.5.15 US Oddity Central: Anty Gin - World’s First Gin Made Using Ants
19.5.15 UK The Telegraph: Anyone for ant-flavoured gin?
19.5.15 UK VICE Munchies: Gin and Tonic Tastes Better with Ants
18.5.15 UK Metro: Introducing Anty Gin – it’s gin flavoured with ”the essence of ants”
15.5.15 UK MailOnline: British distiller creates Anty Gin, world’s first gin with ants
10.5.15 US Palate Press: Wine needs a Nordic Food Lab
25.4.15 PT Publico: Há mais mundo para comer? Claro que sim, dizem Josh e Roberto
2.4.15 US Fine Dining Lovers: Nordic Food Lab Radio: Eating Insects and the Rise of Seaweed
26.3.15 DK Børsen: Madforskerne har fået et nyt tempel [recipes] [pdf]
25.3.15 US IBM People for Smarter Cities: Nordic Food Lab: On a Quest for Deliciousness
3.3.15 DK FOOD news: Meet the team behind Nordic Food Lab
2.3.15 US Eater: Nordic Food Lab’s Radio Station
2.3.15 DK Videnskab.dk: Forskere og kokke: Sådan opnår du den perfekte velsmag
2.3.15 DK Smag for Livet: Teorien bag velsmag: Sådan smager det, når englene synger
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2.3.15 DK Det Natur- og Videnskabelige Fakultet: FOOD præsenterede kokke for eksklusivt insekt-køkken
20.2.15 US The New York Times: Ant Gin, Cricket Soup: Bugs crawl onto menu at Cordon Bleu
20.2.15 TH Associated Press: Ant Gin, Cricket Soup: Bugs crawl onto menu at Cordon Bleu
16.2.15 DK Politiken: Din mad smager bedre med tungt bestik
12.2.15 IT Fine Dining Lovers: Food Shots from Identità Golose Milan 2015
10.2.15 IT Identità Golose: I soli estremisti che ci piacciono
2.2.15 BR Continente: Vai uma baratinha crocante aí?
23.1.15 UK The Spirits Business: Top 50 Innovative Spirit Launches of 2015
18.12.14 US Food Hacks: The Wonders of Black Garlic
Dec 2014 CH Beobachtur Natur: Die Zitrusnote der Ameisen (The citrus note of ants) [pdf]
Dec 2014 NZ Otago Museum: Bugs: The Mega World of Minibeasts [release]
1.12.14 UK The Spirits Business: Top 10 spirit launches in November 2014
Dec 2014 NO NORD no. 5: Fremtidens Kjøkken [pp91-97]
10.11.14 AUS Gizmodo Australia: Are Insects The Future Of Food?
Nov 2014 JP Nordic Courier: How the danes discovered seaweed
30.10.14 UK The Guardian: How insects could feed the world
30.10.14 AU Dänemark in Österreich: Neue Nordische Küche
29.10.14 UK The Guardian: Baking with blood: homemade Halloween treats
17.10.14 USA GOOD: Everything you need to know about cooking with blood
15.10.14 UK New Statesman: Lovely grub: are insects the future of food?
14.10.14 USA Ars Technica: Lovely grub: are insects the future of food?
14.10.14 USA Gizmodo: Are Insects the Future of Food?
14.10.14 UK BBC: Could insects be the wonder food of the future? [republished from Mosaic]
14.10.14 UK Mosaic: Lovely grub: are insects the future of food?
+ Extra features: 1. recipes. 2. ethics of insect farming. 3. potential of semi-cultivation.
13.10.14 DK NetAvisen: Danskerne gider ikke spise kakerlakker
3.10.14 USA MIT Technology Review: Fun with Food: One Lab’s Quixotic Quest for New Flavours
Oct 2014 IN Elle India: Food crawl [print]
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29.9.14 DE Stadt Land Food: Officially, I’m a ’Researcher’... Interview with Nordic Food Lab
25.9.14 USA Huffington Post: Casu Marzu and Nordic Food
Sept/Oct 2014 UK Bitten: Dane Law: What new nordic cooking can teach us all [pp 14-16]
10.9.14 USA Yale Daily News: Evans talks Nordic Food Lab [photos]
27.8.14 IT Identità Golose: The Nordic Food Lab and I, pt.2
26.8.14 USA Eater: Hangover Observations from MAD4 in Copenhagen
26.8.14 IT Identità Golose: The Nordic Food Lab and I
19.8.14 USA Scientific American: Metamorphosis: Changing Perceptions and Approaches Surrounding Entomophagy
Aug 2014 CA L’Actualité: Les insectes dans notre assiette!
17.7.14 DK Børsen: Jacobsens nordiske flirt
14.7.14 USA Eater National: Flore Named Nordic Food Lab Chef
10.6.14 IT Fine Dining Lovers: Meet the Nordic Food Lab’s new Head Chef
June 2014 GR the Foodie: Nordic Food Lab: (Are ants the new foie gras?) [pp 18-21]
31.5.14 AU The Sydney Morning Herald: No need to bug out as insects move from being a fringe food
23.5.14 USA New Scientist: Six legs tasty: First edible insect farm opens in US
23.5.14 UK Sustainable Food Trust: Our views on the news
23.5.14 UK Sustainable Food Trust: Fermenting the future at Ballymaloe
22.5.14 DK TV2: Frihuset
22.5.14 USA SciLogs: Observing Scientific Conferences as an Outsider: “Insects to Feed the World”
20.5.14 UK The Guardian: Foodies unite: insects should be more food than fad
17.5.14 SE Swedish International Agricultural Network Initiative: Entomophagy, Environmental Impact and Standing Ovations –
The Third and Final day of the Insect Conference
17.5.14 NL de Verdieping Trouw: Lekker, zo’n sprinkhaan, maar hoe maak je hem klaar?
15.5.14 JP Charlotte Payne: Insects to Feed the World Conference: Insect Foods
15.5.14 USA Phys.org: Nordic Food Lab to serve insect snacks at first global conference on edible insects
12.5.14 NL FoodNieuws: Nordic Food Lab presenteert insectengerechten op eerste wereldconferentie Eetbare insecten
9.5.14 NL Food Film Festival: Gastronomy of the bug
29.4.14 FR Fance Info: Danemark: un laboratoire de recherche sur la gastronomie
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24.4.14 UK/USA VICE Munchies: You Should Be Cooking with Blood
12.4.14 UK The Observer Food Monthly: ’#1 - Cooking with Blood’ in The OFM 50: our favourite foods, recipes, restaurants, and
more
12.4.14 IN The Hindu: Bite into a bug
6.4.14 USA Molecular Recipes: Nordic Food Lab: In Pursuit of Deliciousness
4.4.14 USA Yale Herald: Sitting down with Josh Evans
3.4.14 DK Politiken: Insekter: flyvende føde eller fluer i suppen?
26.3.14 USA Fast Company: Inside the Emerging World of Insect Cuisine
6.3.14 IT Gazzetta Gastronomica: Nordic Food Lab: Where the wild things are
3.3.14 UK School of Advanced Study, University of London: Virtues of the Table: Ethical issues raised by food choices [video 46:001:24:00]
3.3.14 SE YLE: Vi borde prata om Europa [video 1:40-3:40]
28.2.13 DK DR: Orientering [radio]
18.2.14 FR RFI: On fait un saut dans le futur, en quelques dizaines des années [radio, 3rd segment]
26.1.14 UK The Times: Pig’s blood ice cream? Why chefs are seeing red
25.1.14 DK MADFeed: VICE and MAD present ”The Dream Haggis” [2 videos]
25.1.14 USA VICE: How to Make Haggis [video]
15.1.14 USA NPR: New Nordic Food Gods Loosen Up on Strictly Nordic Cuisine
2.1.14 FR Gastronomie Magazine: Cuisine et Expériences au Nordic Food Lab [pdf one two]
Jan 2014 USA American Society for Microbiology, Microbe Magazine: Chefs and Microbiologists Break Bread Anew [print]
13.1.14 DK Aftenshowet: Blod i madlavning
12.1.14 UK The Independent: Gone right off eggs? Try blood [pdf]
9.1.14 DK Politikken: Forskere experimenterer: laver marengs med svineblod i stedet for æg
8.1.14 UK Plate: Biting into quail heads and raiding African beehives with Nordic Food Lab’s Ben Reade
27.12.13 DK Weekendavisen: Noget i gære [print]
Dec 2013 The Lost Lectures: Ben Reade: In Pursuit of Deliciousness [video]
Dec 2013 Non-Wood Forest Products (NWFP) Update (FAO): Nordic Food Lab: Pursuing flavour, biocultural diversity and sustainability
Dec 2013 USA Heritage Radio Network: Bugs: Food of the Future
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Dec 2013 Fine Dining Lovers (via TEDxTalks): Triumphs of a Delicious Revolution [on youtube]
Nov 2013 DK Meyers: Velsmag, Forskning, og Fermentering – når køkkenet bliver et laboratorium [print]
20.10.13 USA Culinary Institute of America: The Nordic Food Lab [video]
Oct 2013 USA Wired: Moldy, Delicious [print]
Oct 2013 UK BBC: Valentine Warner Eats Scandinavia
6.10.13 USA CNN: Anthony Bourdain – Parts Unknown [video]
4.10.13 DE ZDF: Krabbelnde Köstlichkeiten [video, around 22:00]
30.9.13 UK Herald Scotland: The global food industry is a beast that’s out of control
3.9.13 DK Aftenshowet på DR1: De danske madvaner gennem tiden
Sept 2013 Danmarks Biavler Forenings: ’Tidsskrift For Biavl’ 9: Bilarver På Menuen Hos Nordic Food Lab [print]
Fall 2013 DE/BE DAMn˚ Magazine: Food From Scratch - Everything is possible [print]
Aug 2013 UK Hannah Tranter MSc: Insects Creeping into English Diets: Introducing Entomophagy to School Children in a Provincial Town [print]
30.8.13 USA CNN: Grasshoppers on the menu
19.08.13 DE Rolling Pin: Fäulnis ist die Zukunft [print]
16.8.13 DK Weekendavisen: Fra småkravl til delikatesse [print]
10.8.13 UK Edinburgh News: Bugs yummy: take insects eating to the masses
5.8.13 UK The Guardian: Grub’s up: can insects feed the world?
2.8.13 CH Le Temps: Un bateau-laboratoire pour explorer les frontiers de la cuisine + [photos]
2.8.13 MX Reforma: Los Bichos Invaden La Cocina
19.7.13 IN FirstPost: Why fine dining could soon mean sattu and insects
15.7.13 UK Herald Scotland: Inside Track: Insects on the menu
11.7.13 UK The Scottish Sun: Tuck in... grub’s up and Ben says it’s good for you
10.7.13 UK New Scientist: Bug Mac and flies: Are insects really food’s future? + [video]
July 2013 NO Norwegian Air Magazine: Just Eat It
28.6.13 UK The Guardian: Grasshopper breeder up for design award and educating Western palates
June 2013 UK Cereal Magazine: Insect Gastronomy - exploring taste, scent, and texture
15.6.13 NL Volkskrant Magazine: Wilder Dan Wild
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10.6.13 UK Wolf Magazine: cereal killing
4.6.14 USA Scientific American Blog: Rub a Dub Dub, Is It Time to Eat Grubs?
20.5.13 UK British Medical Journal: Slip an extra locust on the barbie?
17.5.13 USA Science Magazine: Following the Flavour
15.5.13 USA Grub Street: René Redzepi Makes Unprecedented Push for Insect Gastronomy
14.5.13 UK Journal of Wild Culture: Exploring the Deliciousness of Insects
10.5.13 UK Monocle Radio: The Menu, episode 82
9.5.13 UK The Guardian: Cooking with insects - a minibeast maxifeast [video]
9.5.13 UK Nowness: Nordic Food Lab x Pestival [slideshow]
6.5.13 UK BBC News Europe: Insects source of protein instead of meat [video]
4.3.13 UK Eat This Podcast: Bog Butter
28.2.13 JP NHK: (”’Umami’ conquers the world?! Discover the power of surprise”)
12.2.13 USA Smart Planet: In Copenhagen, daring to innovate on the plate
16.1.13 UK Wolf Magazine: it’s all going off
16.1.13 CA Radio-Canada: Bien dans son assiette - Le Nordic Food Lab
11.1.13 UK Sustainable Food Trust: Exploring Deliciousness
9.1.13 NO Khymos: Nordic food lab
Winter 2012 UK Cereal Magazine, vol. 1: All Aboard the Food Lab
1.11.12 USA Hemispheres Magazine: Weird Science
22.10.12 USA Bon Appétit blog: The Nordic Food Lab Is Making Submarine Sauerkraut
16.9.12 USA National Public Radio: Nordic Cuisine: Moving Beyond The Meatballs And Pickled Fish
12.9.12 USA The Washington Post: In Copenhagen, Noma restaurant offers food for thought
12.9.12 Fine Dining Lovers: Guidelines for Foraging from Nordic Food Lab
8.9.12 UK Herald Scotland: The Scots chef at the cutting edge of food technology
7.9.12 UK The Independent: ’Waiter, there’s a fly in my soup’: Insects as food are more than just a gastronomic gimmick
+ video
5.9.12 USA Science Fare: Nordic Food Lab’s Ben Reade on microbiology, eating insects, and the pursuit of deliciousness
5.9.12 NO The Kavli Prize Lectures: Delineating the edible and inedible
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Sept 2012 DK Bright Now: Noma’s arc
Summer 2012 Four Magazine: Wild Things
25.7.12 MX El Universal: Se hace ojo de hormiga
18.7.12 UK Food Republic: Oxford Symposium Takes On All Things Wrapped And Stuffed
17.7.12 AU The Age: A taste of MADness
15.7.12 US Wall Street Journal: Inside the Food Madhouse
2.7.12 DK MAD Symposium: Delineating the edible and inedible
8.5.12 USA Science and Food, UCLA: The Exploration of Deliciousness
+ video [Eater] [LA Weekly]
23.4.12 DK Politiken: Her jagter de en dansk fisksovs [’Here they hunt a Danish fish sauce’]
28.3.12 DK Videnskab: Dansk tang er fuld af umami [’Danish seaweed is full of umami’]
21.3.12 DK Flavour Journal: Seaweeds for umami flavour in the New Nordic Cuisine
28.2.12 USA Smithsonian Food&Think blog: Fish Sauce, Ketchup and the Rewilding of Our Food
27.2.12 DE Die Zeit: Auf den Geschmack Gekomme
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THE TEAM

Nordic Food Lab is now part of Future Consumer Lab at the Department of Food Science at University of Copenhagen
Visit The Department of Food Science, at The University of Copenhagen

Former Board of Directors
Claus Meyer, Chairman of the board. Founder of the Meyer Group, one of the two founders of Nordic Food Lab
Thomas Harttung Director of Årstiderne, Chairman of ICROFS, CEO of Black Carbon,
Christian F. Puglisi Chef , co-founder/owner of Manfreds, Relæ, Bæst, Mirabelle, Copenhagen
Esben Holmboe Bang Head chef, co-owner of Maaemo, Oslo
Hanne Danielsen CEO, Grennessminde Social Economic Enterprise promoting inclusion, Copenhagen

Past Team Members
Michael Bom Frøst Director; Associate Professor in Food Sensory Innovation (Denmark) follow on Twitter
Rikke Højer Nielsen PhD student at University of Copenhagen (Denmark)
Dwi Larasatie Nur Fibri PhD student at University of Copenhagen (Indonesia)
Julia Sick Researcher (Germany/Austria)
Bat-El Menadeva-Karpantschof Researcher (Denmark)
Anna Loraine Hartmann Researcher MSc Food Innovation and Health (Germany/Philippines)
Peter Lionet Faxholm Research intern, MSc student Brewery Science and Technology, (Denmark)
Mathias Skovmand-Larsen Researcher (Denmark)
Roberto Flore Head of Culinary Research and Development (Sardinia) follow on Twitter
Rikke AdelstenBehrendt Research intern, Bsc in Biology (Denmark)
Yi-Ting Sun Researcher, MSc Food Innovation and Health (Taiwan)
Louise Beck Brønnum Researcher (Denmark)
Anna Loraine Hartmann Research Intern MSc Food Innovation and Health (Germany/Philippines)
Bradley Meilinger Research intern BSc Horticulture (USA)
Ruben Hernandez Short term visitor, Chef (Spain)
Maya Hey Research Intern, MA UniSG, BSC Dietetics & Food Adm (US)
Liis Tuulberg Research Intern, MA in Social and Cultural Anthropology (Estonia)
Josh Evans Lead Researcher (Canada)
Jonas Astrup Pedersen Product Development Manager (Denmark)
Marilyn Koitnurm Research Intern, BA in Social and Cultural Anthropology (Estonia)
Anna Sigrithur Research Intern, current double BA in Economics and Indigenous Studies, Indigenous Food Oral History (Canada)
Yelena Montoya Rodríguez Research Intern, student of Gastronomy from University of La Sabana (Colombia)
Rebecca Roberts Research Intern, Food Geographer, MA in Agriculture & Rural Development from University of East Anglia (UK)
Tobyn Excell Research Intern, Chef (England)
Andrew Müller Research Intern, MA from Humboldt University in Berlin (Germany)
Rosemary Liss Research Intern, Fermentation Artist (USA)
Bernat Guixer Research Intern, PhD in Organic Chemistry from University of Barcelona (Spain)r
Santiago Lastra Research Intern, Chef (Mexico)
Charlotte Holm Brodersen Research Scholarship Recipient, Smag for Livet project (Denmark)
Meradith Hoddinott Research Intern, organic chemist and radio producer
Jason Ball Research Intern, Chef & BSc in Culinary Science from Culinary Institute of America
Johnny Drain Research Intern, PhD in Materials Science from University of Oxford
Avery McGuire Researcher; Anthropologist from Dickinson College
Anna Dabrowska Development Intern, MSc Information Science from Copenhagen University
Peter Hartley Booth Research Intern, Chef from the United Kingdom
Youngbin Kim Research Intern, MSc student in Organic Food Systems from Hohenheim University in Stuttgart, Germany
Alec Borsook Research Intern, BSc student in Ecology and Evolutionary Biology from Yale University
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Ben Reade former Head of Culinary Research and Development
Guillemette Barthouil Researcher; Master of Geography - Food and Food Cultures, Université Paris-Sorbonne IV
Jonas Astrup Pedersen Thesis student; Master’s in Food Science and Technology at University of Copenhagen
Edith Salminen Research Intern, Master in Food Culture from University of Gastronomic Sciences
Kritika Suratkal Research Intern, Cook and glutton from India
Justine de Valicourt Researcher, Chef & BSc Biomedical Sciences
Alicynn Fink Development Intern, Master’s in Food Culture and Communication from University of Gastronomic Sciences
Nick Phelps Research Intern, Master’s in Food Culture from University of Gastronomic Sciences
Sarah Warren Research Intern, Biochemist from Texas State University
Arielle Johnson Flavour Chemist, PhD Candidate from University of California, Davis r
Emil Johansen Lab Assistant, Bachelor’s student in European Ethnology at University of Copenhagen
Elisabeth Paul Research Intern, Master’s student in ’Food of Life’ Erasmus program
Kristen Rasmussen Visiting Researcher from University of California, Berkeley
Sebastian Moreno Henao Stagiaire, Chef from Colombia
Richard Lam Stagiaire, Chef from Hong Kong
Ana Caballero Research Intern, Master’s student at the University of Gastronomic Sciences
Josh Pollen Collaborator, Chef of Blanch & Shock r
Anne Overmark Research Intern, Master’s student in Gastronomy and Health at University of Copenhagen
Julius Schneider Research Intern, Master’s student in Gastronomy and Health at University of Copenhagen
Jonas Astrup Pedersen Research Intern, Master’s student in Food Science and Technology at University of Copenhagen
Emil Glaser Stagiaire, Chef de Partie at Noma
Nurdin Topham Collaborator, Chef from London, England
Mark Emil Tholstrup Hermansen   Anthropologist, Project Manager
Rachele Elena Research Intern, Graduate of the University of Gastronomic Sciences
Ulla Kaja Radeloff Research Intern, Graduate of University of Gastronomic Sciences
Lars Williams Culinary R&D Emeritus
Sarah Britton Stagiaire

Advisory Board
Mathias Dahlgren Head Chef and Partner, Matsalen and Matbaren, Grand Hotel, Stockholm
Richard Ipsen Professor, Department of Food Science, University of Copenhagen
Greta Jakobsen Civil Engineer, founder and owner of Højmarklaboratoriet A/S.
Anders Hans Karlsson Professor, Department of Food Science, University of Copenhagen
Jørn Ussing Larsen Director, Aurion
Claus Meyer Gastronomic Entrepreneur, Founder of the Meyer Group and Partner in Noma
Ole G. Mouritsen Center Director, Professor of Biophysics, PhD DSc FRSD MEMPHYS, Department of Physics and Chemistry, University of Southern Denmark
Peter Olesen Director Actifoods and former R&D Director at Chr. Hansen
Einar Risvik Research Director, Nofima, Chairman of the steering group for New Nordic Food
Morten Ibsen Brewery Director, Jacobsen Brewery
Thorsten Schmidt Head Chef and Partner, Malling & Schmidt and Nordisk Spisehus
Gabriella Morini   Assistant Professor at the University of Gastronomic Sciences
Karin Wendin Professor at Kristianstad University, Scientist at SP Technical Research Institute of Sweden
Jannie Vestergaard Director of Smaka på Skåne, Sweden

| NORDIC FOOD LAB | SIDE 463

BUG FOLIO

SIDE 464 | NORDIC FOOD LAB |

INSTAGRAM

January 9, 2014

January 21, 2014

January 21, 2014

January 22, 2014

January 22, 2014

February 5, 2014

March 5, 2014

July 8, 2014

August 5, 2015

August 5, 2015

August 6, 2015

August 10, 2015
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INSTAGRAM

August 13, 2015

August 18, 2015

August 20, 2015

August 24, 2015

August 26, 2015

August 26, 2015

August 27, 2015

September 1, 2015

September 2, 2015

September 4, 2015

September 8, 2015

September 9, 2015

INSTAGRAM

September 11, 2015

September 11, 2015

September 14, 2015

September 16, 2015

September 28, 2015

September 29, 2015

October 2, 2015

October 13, 2015

October 13, 2015

October 13, 2015

October 13, 2015

October 15, 2015
| NORDIC FOOD LAB | SIDE 467

INSTAGRAM

October 16, 2015

October 19, 2015

October 26, 2015

October 26, 2015

October 26, 2015

November 25, 2015

March 31, 2016

August 13, 2016

August 20, 2016

August 20, 2016

August 22, 2016

August 30, 2016

INSTAGRAM

August 31, 2016

September 20, 2016

September 22, 2016

September 23, 2016

October 5, 2016

October 6, 2016

October 11, 2016

October 12, 2016

October 13, 2016

October 13, 2016

October 14, 2016

October 14, 2016
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INSTAGRAM

October 19, 2016

October 22, 2016

October 22, 2016

October 23, 2016

October 26, 2016

October 27, 2016

November 9, 2016

November 9, 2016

November 14, 2016

November 15, 2016

November 16, 2016

November 18, 2016

INSTAGRAM

November 21, 2016

November 25, 2016

November 26, 2016

December 11, 2016

December 12, 2016

January 9, 2017

January 10, 2017

January 18, 2017

January 24, 2017

January 25, 2017

January 27, 2017

February 2, 2017
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INSTAGRAM

February 2, 2017

February 7, 2017

February 10, 2017

February 16, 2017

February 16, 2017

February 22, 2017

February 25, 2017

March 6, 2017

March 9, 2017

March 16, 2017

March 27, 2017

March 29, 2017

INSTAGRAM

April 11, 2017

April 25, 2017

April 28, 2017

May 10, 2017

May 11, 2017

May 29, 2017

June 8, 2017

June 12, 2017

June 14, 2017

June 19, 2017

June 23, 2017

June 24, 2017
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INSTAGRAM

June 24, 2017

June 27, 2017

June 30, 2017

July 4, 2017

July 18, 2017

July 19, 2017

July 20, 2017

July 22, 2017

July 28, 2017

August 4, 2017

August 9, 2017

August 11, 2017

INSTAGRAM

August 18, 2017

August 19, 2017

August 20, 2017

August 21, 2017

August 23, 2017

August 23, 2017

August 23, 2017

August 24, 2017

August 26, 2017

August 27, 2017

August 28, 2017

August 30, 2017
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INSTAGRAM

August 30, 2017

September 3, 2017

September 5, 2017

September 14, 2017

September 18, 2017

September 21, 2017

September 22, 2017

September 26, 2017

September 26, 2017

October 4, 2017

October 5, 2017

October 6, 2017

INSTAGRAM

October 9, 2017

October 10, 2017

October 11, 2017

October 19, 2017

October 20, 2017

October 24, 2017

October 30, 2017

October 31, 2017

November 1, 2017

November 7, 2017

November 8, 2017

November 9, 2017
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INSTAGRAM

November 10, 2017

November 14, 2017

November 14, 2017

November 15, 2017

November 15, 2017

November 16, 2017

November 17, 2017

November 17, 2017

November 20, 2017

November 20, 2017

November 22, 2017

November 23, 2017

INSTAGRAM

November 28, 2017

November 28, 2017

December 2, 2017

December 5, 2017

December 5, 2017

December 7, 2017

December 12, 2017

December 14, 2017

December 22, 2017

December 22, 2017

December 30, 2017

January 8, 2018
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INSTAGRAM

January 9, 2018

January 9, 2018

January 11, 2018

January 11, 2018

January 12, 2018

January 15, 2018

January 16, 2018

January 20, 2018

January 22, 2018

January 26, 2018

January 27, 2018

January 29, 2018

INSTAGRAM

January 29, 2018

January 30, 2018

February 5, 2018

February 6, 2018

February 6, 2018

February 6, 2018

February 8, 2018

February 10, 2018

February 20, 2018

February 20, 2018

February 21, 2018

February 22, 2018
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INSTAGRAM

February 23, 2018

February 26, 2018

February 28, 2018

March 2, 2018

March 3, 2018

March 8, 2018

March 8, 2018

March 8, 2018

March 9, 2018

March 12, 2018

March 13, 2018

March 19, 2018

INSTAGRAM

March 20, 2018

April 10, 2018

April 11, 2018

April 11, 2018

April 12, 2018

April 15, 2018

April 16, 2018

April 19, 2018

April 19, 2018

April 21, 2018

April 23, 2018

April 25, 2018
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INSTAGRAM

April 26, 2018

May 5, 2018

May 7, 2018

May 8, 2018

May 9, 2018

May 10, 2018

May 11, 2018

May 11, 2018

May 14, 2018

May 14, 2018

May 15, 2018

May 15, 2018

INSTAGRAM

May 16, 2018

May 16, 2018

May 17, 2018

May 22, 2018

May 22, 2018

May 23, 2018

May 29, 2018

May 31, 2018

June 8, 2018

June 14, 2018

June 14, 2018

June 18, 2018
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INSTAGRAM

June 21, 2018

June 25, 2018

June 25, 2018

June 26, 2018

@nordicfoodlab has changed its name to @futureconsumerlab on Instagram - check it out for more photos!
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