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Abstract

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 (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.
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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 sti-
mulatory agent in umami is the chemical compound glu-
tamate, 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 flavour-
ing. 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 world [2-5]. Being
a verbal construction to describe the essence of delicious
taste (‘umai’ (旨い) is delicious, and ‘mi’ (味) 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 parti-
cular 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.
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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 fermen-
ted 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 flavour-
ing agents to foodstuff, leading the way to the establish-
ment of the international company Ajinomoto (Tokyo,
Japan) [17]. MSG is now used across the world as a fla-
vouring 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 funda-
mental 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 sensa-
tional 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 pro-
tein-coupled receptor [23] located in the membranes of
the taste cells in the taste buds. Taste-mGluR4 is a trun-
cated 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 recep-
tor 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 stimu-
lated by certain 5’-ribonucleotides, in particular inosi-
nate (inosine-5’-monophosphate, IMP) and guanylate
(guanosine-5’-monophosphate, GMP), which in a syner-
gistic fashion potentiate the receptor’s sensitivity to glu-
tamate. 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 discov-
ered that guanylate from dried shiitake mushrooms or
inosinate from katsuobushi enter a synergistic relation-
ship with glutamate from konbu. These synergies under-
lie classic preparations of dashi [15]. The molecular
basis for the synergy in umami sensation has recently
been revealed as a cooperative, allosteric binding of glu-
tamate 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-aspar-
tate (monosodium aspartate, MSA) has also been asso-
ciated 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 well-known 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 fol-

lows. First, we describe how dashi traditionally 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, includ-
ing 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.
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Dashi from seaweeds
Classic Japanese cuisine [33] revolves around dashi
made from konbu and katsuobushi. In the strictly vege-
tarian temple kitchen, shōjin ryōri, 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 gluta-
mate with guanylate than with inosinate [31,35].
There are several variants of konbu, all of which

belong to the algal order Laminariales, with Saccharina
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
(kuragakoi) for from one to ten years, with the typical
ageing period being two years. During ageing, the sea-
weed matures and obtains a milder flavour and a less
strong taste and smell of the sea. The umami flavour in
dashi made from aged and matured konbu appears to
stand out more clearly.
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. Man-
nitol 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.
Of the many different variants of Japanese konbu, ma-

konbu, rausu-konbu 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 comparable 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 gluta-
mate 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 dry konbu
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 extrac-
tion 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 tem-
perature but for a longer time, a much more flavourful
dashi characterised by significantly higher levels of glu-
tamate 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 smal-
ler 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 guany-
late, which enhances the umami 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 dashi preparations,
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
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gastronomic investigations of dashi extracts from a
brown seaweed, sugar kelp (Saccharina latissima), and a
red seaweed, dulse (Palmaria palmata). Some prelimin-
ary 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 japo-
nica). 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 unde-
sirably 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 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 inter-
esting potential for gastronomical applications, it is sur-
prisingly 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 specimen 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 mar-
ine life. In the present work, we used Gracilaria farmed
in Denmark, and all samples were dried before use.

Figure 1 Dried sugar kelp (Saccharina latissima) farmed in Horsens, Denmark. (Photography: Jonas Drotner Mouritsen.).
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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 tradi-
tional cuisine as a sea vegetable and a source for dashi,
and it is also used in a wide range of processed konbu
products. 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-quality rausu-
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, 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 reproduc-
tive 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 dis-
tinct difference between dashi from fresher seaweed and
that which has been aged. This is evident in the appear-
ance of the original material. The aged seaweed precipi-
tates 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 vege-
table tone. In contrast, the rausu-dashi is golden in col-
our and tastes almost like the chicken bouillon it
resembles, very meaty and intense. This taste was ampli-
fied when we gently reduced the rausu-dashi in a dehy-
drator at 60°C, and the stock eventually turned into
crispy flakes, as shown in Figure 4. Biting in these flakes
was almost as overpowering as biting into a bouillon
cube. The konbu-dashi seemed to be the only dashi sui-
table for this process. The dehydrated dashi from the
other types of seaweed became bitter, or unable to fully
dry, and it remained sticky.

Figure 2 Dried dulse (Palmaria palmata) farmed in Horsens, Denmark. (Photography: Jonas Drotner Mouritsen.).
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The different dashi preparations made from the differ-
ent samples of dried seaweeds were analysed for their
full amino acid content and profile, with a focus on glu-
tamate 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 two types of dashi made from rausu-
konbu and dulse, respectively. We shall return to a dis-
cussion 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.
The data in Table 1 refer to extractions by the techni-

ques introduced in this paper and described in ‘Materi-
als 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 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 to rausu-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, aspar-
tate and alaninate in konbu dashi. Also, the softness of
the water seems to have had little influence on the con-
centration 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

Figure 3 Dashi based on three different seaweed extracts. Left: Konbu dashi from Saccharina japonica. Middle: Traditional Japanese ichiban-
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.).

Figure 4 Kelp ‘crisps’ that are formed as flakes when dehydrating a dashi produced by extraction of rausu-konbu. (Photography: Lars
Williams.).
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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 unde-
sirable 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 that Gracilaria is a poor source of umami flavours,
similar to farmed Danish sugar kelp.

Examples of dishes flavoured by dulse
In this section, we provide some specific recipes using
dulse for flavouring dishes developed for the New

Table 1 Extraction of glutamate, aspartate and alaninate from dried seaweeds

Seaweed Extracted glutamate
(mg/100 g)

Extracted
aspartate (mg/100 g)

Extracted alaninate
(mg/100 g)

Rausu-konbu (farmed, Japanese) 145 ± 5 85 ± 15 20 ± 3

Hidaka-konbu (farmed, Japanese) 70 ± 15 40 ± 20 20 ± 10

Sugar kelp (farmed, Danish) 3 ± 3 3 ± 2 7 ± 4

Dulse (farmed, Danish) 40 ± 10 27 ± 8 25 ± 6

Dulse (wild, Icelandic) 10 ± 5 11 ± 2 12 ± 2

Graceful red weed (farmed, Danish) 6 1 4

All extractions 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. The quoted error bars reflect the variation over two to five independent
measurements (except for graceful red weed, for which only one measurement was performed). It should be noted that the precise amount of amino acids
measured could be very sample-dependent and that the error bars quoted reflect only the estimated uncertainties in the actual amino acid analysis.

Figure 5 Amino acid profiles for two types of dashi made from rausu-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.
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Nordic Cuisine. The recipes represent a range of novel
experiments conducted at the Nordic Food Lab. Photo-
graphs 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. Dissolve the sugar and trimo-
line in a small amount of warmed milk. When cooled,
add the milk to the rest of the components, mix thor-
oughly 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 tex-
ture 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 spe-
cies that is high in gluten and protein (13.5%)
500 g of spelt flour
2,200 g of dulse dashi, strained, dulse-minced 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

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.).
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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 nor-
mal, 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 dashi prepared from
Nordic seaweeds, which reveal their potential for provid-
ing 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 fla-
vouring and dashi. Moreover, the three recipes pre-
sented demonstrate in a concrete setting that dulse
dashi has a versatile use in the kitchen.
To assess the relative potential of dulse in umami fla-

vouring, 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 compar-
ing data for the same seaweed species from different
sources, because the sample material can be vastly differ-
ent 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 glu-
tamate 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).
Notwithstanding the above-mentioned difficulties in

comparing, on a quantitative basis, the amino acid con-
tents in dashi quoted in reports from different workers,
we can compare the contents in dashi which we have pre-
pared 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 dashi
prepared 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 extrac-
tion 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 fla-
vour 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 tra-
ditional soup stock prepared from chicken meat and vege-
tables 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

Table 2 Comparison of amino acid contents in dashi and various soup stocks

Dashi or soup stock Glutamic acid
(mg/100 g)

Aspartic acid
(mg/100 g)

Alanine
(mg/100 g)

Rishiri-konbu dashia 22 16 1

Rausu-konbu dashi (traditional)b 100 60 7

Rausu-konbu dashi (sous-vide)b 145 85 20

Ichiban dashic 25 18 4

Dulse dashib 40 27 25

Western chicken stockd 18 6 11

Chinese tang (chicken base)e 14 4 8
aRecipe: 1.8 L of water and 30 g of rishiri-konbu. The konbu is soaked in the water, placed in a pan and heated to 60°C for 1 hour (K Ninomiya (personal
communication) and [37]). bThis work. cK Ninomiya (unpublished data from the Umami Information Center). dFrom [45]. eFrom [46]. Note that the rausu dashi and
the dulse dashi are prepared by using about twice as much seaweed per litre of water as that used for the rishiri dashi and ichiban dashi.
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konbu, dulse releases more of the sweet amino acids ala-
nine, 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 complex flavour of the dulse
dashi. It is noteworthy that the farmed Danish dulse is a
serious competitor with hidaka-konbu for umami fla-
vour. 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 signifi-
cant dependence on water hardness in terms of the actual
amounts of free amino acids. Also, the amino acid con-
tents 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 pinnati-
fida), in which the reproductive organs, the sporophylls
(mekabu), are appreciated for their mouth-filling flavour,
which might be caused by their higher fatty acid con-
tents 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 pro-
file. 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 syner-
getic 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 guany-
late 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 sys-
tematic study of a small selection of brown and red sea-
weeds and compared their umami flavouring amino acid
contents with those of the traditional Japanese soup
broth dashi prepared from the large, brown Japanese sea-
weed konbu.
Although there is a documented, historical tradition of

using seaweeds in the diet of some of the Nordic coun-
tries, in particular Iceland and Greenland, seaweeds are
practically absent in traditional and modern Nordic cui-
sine [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 sea-
weed 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 con-
ditions. The wild resources can be harvested in a sus-
tainable 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 focusing on the flavouring
potential of simple water extracts, similarly to the Japa-
nese 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 predomi-
nantly due to free alanine. We have measured the con-
centration of these three amino acids in various extracts
prepared under different well-controlled 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 subse-
quent 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 fla-
vour. 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 signifi-
cant 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 making dashi, 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 Japanese dashi prepared from konbu in the classic
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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 sporo-
phytes of sugar kelp are sawn on smaller ropes in a
hatchery, and they attach to the rope with their hold-
fasts. 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 (Graci-

laria verrucosa) were grown in open tanks (pools) fed with
seawater and by using air turbulence to move the sea-
weeds, to provide nutrition and to facilitate photosynth-
esis. 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 con-
tent. The harvested dulse and Gracilaria 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-quality hidaka-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: ordin-
ary tap water (Copenhagen, Denmark; water hardness =
20°dH) and filtered, demineralised soft water. All extrac-
tions were based on 10 g of dry seaweed in 500 ml of
water placed in a plastic bag sealed under vacuum pres-
sure (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 quan-
titative study of the sensory perception of umami fla-
vour in the seaweed extracts and the dishes flavoured by
the extracts, we have not used a formal panel of profes-
sional 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 sub-
jective 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 Sigma-Aldrich (Copenha-
gen, Denmark) and of HPLC quality or better. Amino acid
analysis was performed using the Biochrom 31+ Protein
Hydrolysate System amino acid analyser (Biochrom, Cam-
bridge, 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 stan-
dards with a major focus on glutamic acid, aspartic acid
and alanine in their deprotonated states.

Abbreviations
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monosodium glutamate (glutamate).
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