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Abstract 

The Inuit, sometimes referred to as Eskimos, are indigenous people to the remote circumpolar regions of the north‑
ern hemisphere that remain relatively inaccessible to outsiders. The traditional diet consisted almost entirely of raw 
animal foods eaten fresh, dried, or fermented and was similar to the diets of wild carnivorous animals. From the 1950s 
onward, the Inuits gradually adopted Western foods. With the adoption of a more Western diet, there has also been 
a corresponding increase in Western diseases such as obesity, type 2 diabetes, hypertension, and some cancers. 
Asians have also consumed salted fermented fish, but the fermented fish are different due to environmental tem‑
peratures. Although the microbial content of Inuit fermented foods is uniquely different from that of Asian fermented 
foods, Asian and Inuit fermented foods appear to be similarly important for supporting gut and immune health. The 
benefits of Asian fermented fish for improving the biodiversity of the microbiome and the generation of bioactive 
amines from proteins may be similar to the fermented marine foods of the Inuits. This study reviewed traditional 
fermented fish consumed by the Inuit people and Asians, highlighting various aspects that can offer valuable insights 
into the nutritional, cultural, and health dimensions of these practices.
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Introduction
The Inuit people, native to the expansive and secluded 
circumpolar regions of the northern hemisphere (Fig. 1), 
have nourished themselves across generations with a tra-
ditional diet that reflects their profound bond with the 
natural world. The term Eskimo is widely believed to be 
derived from a word meaning “those who eat raw meat.” 
[1]. Some Inuit people view this as a derogatory term, and 
its use is declining. However, their diet is mostly com-
posed of fresh, dried, or fermented animal-based foods 

that have not been heated. This lifestyle is often likened 
to the dietary habits of the wild carnivorous animals that 
inhabit these same regions. However, the latter half of 
the twentieth century witnessed a gradual shift in dietary 
patterns among the Inuit as Western foods and eating 
habits began infiltrating these remote landscapes. With 
this transition came a notable rise in metabolic diseases, 
raising questions about the health implications of dietary 
change and the role of traditional fermented foods in 
supporting well-being.

Asian fermented fish contain 8–30% salt, unlike Iniut 
fermented fish, which is determined by environmental 
temperature. Korean fermented fish include 8–13% salt 
and are stored in the crypt to maintain 13–15  °C, while 
fermented fish in Southeast Asia contain 20–30% salt. 
Asian communities have long recognized the nutritional 
value, preservation benefits, and unique flavors imparted 
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by fermented fish products. These foods are revered not 
only for their taste, but also for their role in enhancing 
gut health, supporting immunity, and providing a source 
of essential nutrients. We investigate the history of fer-
mented fish consumption and the characteristics of fer-
mented fish in the Inuit and Asian communities. This 
review aims to provide insights and facilitate under-
standing of various aspects of fermented fish consump-
tion in these two distinct cultural groups. Some potential 
aspects that could be explored in this review include 
the health benefits of fermented fish and how the con-
sumption of fermented fish products impacts the human 
microbiome.

Fermented fish of the Inuit
Traditional foods of the indigenous people of the arctic
The Inuit are indigenous people of the Arctic regions 
(sometimes known as Eskimos). They are composed of 
culturally similar tribes living in the far North and cir-
cumventing the northern polar regions of North Amer-
ica, Europe, and Asia [1]. The Inuit are citizens of several 

countries since they live in Siberia, Alaska, Canada, and 
Greenland. These remote Far North areas were inacces-
sible to the outside world until the early 1900s. By the 
1950s, the Inuit people were no longer isolated from 
the outside world, even though they still lived in remote 
regions of the far North [2]. Agriculture is impossible 
in the Arctic, so the Inuit are traditionally hunter-gath-
erers. However, the nomadic way of life of the Inuit has 
given way to permanent settlements, imported foods that 
increasingly replace traditional diets, new health chal-
lenges, and a diminishing appreciation for long-held tra-
ditions [2]. The health benefits of the Inuit diet, as well as 
the medicinal benefits of traditional foods and remedies, 
are poorly researched and in critical danger of being for-
ever lost [1].

The Inuit diet has traditionally been rich in fat and pro-
tein and very low in carbohydrates. The diet consisted 
primarily of animal foods, mainly fish, marine and land 
mammals, and birds. The animal skin, fat, muscle tis-
sue, organs, and eggs were all consumed and eaten raw, 
cooked, dried, frozen, or fermented [1, 4, 5]. However, in 

Fig. 1  Geographical distribution of Inuit populations in the northern hemisphere. Red area indicated the Inuit. Adapted from: https://​www.​narod​
natri​buna.​info

https://www.narodnatribuna.info
https://www.narodnatribuna.info
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1980, Bang et  al. reported that the “Eskimo population” 
of Alaska and Canada were eating diets rich in “West-
ern foods” and that sugar sales in the region amounted 
to approximately 175  g per person per day [6]. It was a 
significant deviation from the traditional diet of the Inuit, 
which contained no sugar or grains. The “Eskimo Diet” of 
1855 consisted of small amounts of food from white trad-
ers. However, the overall diet was almost completely car-
nivorous and provided a daily intake of 377 g of protein, 
59 g of carbohydrates, and 162 g of fat. Without Western 
influences, the “Eskimo” diet contained few plant foods, 
with only a few seasonal berries, roots, leaves, and sea-
weed [7].

Traditional fermented food of the indigenous people 
of the arctic
Traditional fermented foods of the Inuit were com-
posed of marine and terrestrial mammals, fish, and birds 
(Fig.  2). The most familiar fermented animal meats are 
walrus, whale, seal, narwhal, Arctic char, trout, and cari-
bou [1, 3, 8]. Very little research has been conducted on 
Inuit and Eskimo fermented foods, and most of what has 
been done has focused on food safety concerns. Botu-
lism poisoning is more common in northern Alaska than 
in other parts of the world. Although it has sometimes 
occurred in newly introduced foods, it is more frequently 
occurring in traditional foods that are improperly pre-
pared. Plastic containers have been introduced in mod-
ern times but have actually increased the risk of botulism 
due to a tight seal that results in an anaerobic environ-
ment, which encourages the growth of Clostridium botu-
linum [9–12]. Decreasing fermented food preparation 
in the home may lead to an erosion of knowledge about 
safe fermented food preparation. Shafer et al. reported a 
case of botulism poisoning in which a woman fermented 

Fig. 2  A Contemporary Inuit people dressed in traditional clothing. 
Downloaded from dreamstime.com. https://​www.​dream​stime.​
com/​edito​rial-​stock-​photo-​inuit-​eskimo-​people-​welco​ming-​forei​
gners-​abori​ginal-​native-​group-​waiti​ng-​to-​welco​me-​visit​ors-​to-​nanor​
talik-​green​land-​image​73064​723. © Teodor Lazarev. B Freshly 
caught Minke Whale for Sale at a Butcher in Nuuk, Greenland. This 
is a seasonal delicacy, strictly regulated by a government quota 
system, that allows the Inuit population to continue its special 
culinary tradition. Downloaded from www.​dream​stime.​com ID 
Number: 80016370 © Luis Leamus|Dreamstime.com. C Fish drying 
in the sun: Dried fish in Rodebay settlement. Fresh fish rapidly 
deteriorates unless some way can be found to preserve it. Drying 
is a method of food preservation that works by removing water 
from the food, which inhibits the growth of microorganisms. Open 
air drying using sun and wind has been practiced since ancient 
times to preserve food Downloaded from www.​dream​stime.​com ID 
Number: 33442012 © Checco|Dreamstime.com. D Fresh caught fish 
being prepared

◂

https://www.dreamstime.com/editorial-stock-photo-inuit-eskimo-people-welcoming-foreigners-aboriginal-native-group-waiting-to-welcome-visitors-to-nanortalik-greenland-image73064723
https://www.dreamstime.com/editorial-stock-photo-inuit-eskimo-people-welcoming-foreigners-aboriginal-native-group-waiting-to-welcome-visitors-to-nanortalik-greenland-image73064723
https://www.dreamstime.com/editorial-stock-photo-inuit-eskimo-people-welcoming-foreigners-aboriginal-native-group-waiting-to-welcome-visitors-to-nanortalik-greenland-image73064723
https://www.dreamstime.com/editorial-stock-photo-inuit-eskimo-people-welcoming-foreigners-aboriginal-native-group-waiting-to-welcome-visitors-to-nanortalik-greenland-image73064723
https://www.dreamstime.com
https://www.dreamstime.com
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a batch of 50 salmon heads (stink heads) in a wooden 
barrel covered with a canvas cloth [9–12]. Normally, the 
barrel would have been buried in the ground to maintain 
a constantly cool temperature. However, she left the bar-
rel sitting open for two weeks. As reported, she recalled 
having been warned as a child that the sun’s rays had a 
“death meaning” and that fermented foods needed to be 
kept away from the “killing rays of the sun.” She expressed 
concern that the fermenting fish had gotten too hot while 
sitting in the sun [9]. The lack of knowledge of proper fer-
mentations will probably only increase. The same study 
reported a survey revealing that 80% of grandparents and 
71% of parents consume traditional fermented foods, 
but only 15% of students consume traditional fermented 
foods.

Health and lifestyle trends among the Inuit people
Concurrent with the changing dietary and lifestyle prac-
tices of the Inuit populations, there has been a deteriora-
tion in the health of the people. In recent years, there have 
been rather dramatic increases in obesity. From 1992 to 
2004, obesity rates increased from 23 to 37% among Inuit 
adults in Nunavut and Canada [1]. Several cancers have 
become increasingly common, including lung and naso-
pharyngeal cancers, and the 2007 cancer mortality rate 
was 340 per 100,000 people in Nunavut as compared to 
166 for the overall Canadian population [13]. Likewise, as 
the obesity rates have increased, so have diabetes, hyper-
cholesterolemia, and hypertension in the Inuit popula-
tion [14–16]. Many Inuit people believe consuming the 
traditional diet is more healthful and desire to do so; 
however, there are many barriers to reversing the trend 
toward eating a more Westernized “market diet”. Despite 
the reports of Inuit people claiming that Western foods 
make them feel “lazy, tired and unfulfilled’ and describe 
Western foods as “sugary, junk foods, and garbage foods,” 
they continue to eat them [15, 17–19]. It is largely due 
to factors beyond the control of the Inuit people. Start-
ing in the 1950s, the Canadian Inuits were relocated to 
permanent settlements, much like Indian reservations 
in the USA, and no longer participated in a nomadic 
lifestyle, and the sweeping socioeconomic changes were 
overwhelming [19–22]. While this improved the avail-
ability of healthcare and education and was undoubt-
edly well-intentioned, the unintended consequences 
were severe. Most of these settlements are remote and 
isolated, and the people have meager incomes. However, 
the cost of food is much higher than in most of Canada, 
and the quality of food is poor, especially fresh fruits and 
vegetables [19, 20]. Food security is defined as: “when all 
people, at all times, have physical and economic access to 
sufficient, safe, and nutritious food to meet their dietary 
needs and food preferences for an active and healthy life”. 

Food insecurity is sevenfold greater in Inuit regions than 
in Canada as a whole [23]. The Inuit still eat many tradi-
tional foods, but it has become a much smaller portion 
of their diet. That is mainly due to the dependence on 
motorized boats and vehicles as well as firearms for hunt-
ing. Many cannot afford to maintain motorized vehicles 
or buy fuel, which is also much higher due to the remote-
ness of the region. They also cannot afford ammunition 
for the firearms [2]. Therefore, the Inuit are living on a 
combination of traditional food and low-quality Western 
food, but the availability of both is often inadequate.

How declines in traditional diets affect the health 
of the Inuit people.
The Inuit have a history of thousands of years in which 
they have adapted both genetically [25] and culturally to 
a hunter-gatherer lifestyle, with diets composed almost 
entirely of animal foods [26]. However, within a span 
of only about 50  years, this population has transitioned 
from people who depended on foods obtained from 
hunting and gathering to foods primarily purchased at 
local grocery stores [26]. It has resulted in losing the tra-
ditional knowledge and skills required to be self-sufficient 
in the arctic climate [24]. It has also resulted in a disrup-
tion in key nutrients needed to maintain health. The Inuit 
people who do eat a high percentage of traditional foods 
(approximately 50% of energy) have significantly higher 
intakes of energy, protein, micronutrients, fiber, calcium, 
n-3 polyunsaturated fatty acids, riboflavin, niacin, iron, 
zinc, copper, magnesium, phosphorus, selenium, vita-
mins A, B6, B12, C, D, and E and consume less carbo-
hydrate, saturated fat and sodium [15, 27–31]. However, 
the number of people still eating traditional foods con-
tinues to decrease, and simultaneously with this decrease 
in traditional food consumption is a loss of knowledge of 
traditional ways of obtaining, preparing, and storing tra-
ditional foods [15]. Therefore, as the Inuit people try to 
adjust to modern and traditional ways, many old ways are 
being lost, perhaps forever.

Until recently, cardiometabolic diseases such as obesity, 
type 2 diabetes, hypertension, hypercholesterolemia, and 
cardiovascular disease were reported to be rare among 
the Inuit [15, 32]. However, in recent years, the number 
of diseases has steadily increased. They are believed to be 
due to the increased consumption of nutrient-depleted 
diets high in sodium, calories from sugar, and unhealthy 
fats [33]. The 12.6-year shorter life expectancy in 2001 
(compared to the Canadian national average) and the 
reported increase in hypertension from 9 to 19% in the 
adult Inuit population of Nunavik, Canada, from 1994 
to 2004 [15, 34, 35] are stark reminders of the appalling 
effects of the dietary and lifestyle changes.
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Inuit fermented foods and microbiomes
Most investigations into Inuit fermented foods have 
focused on food safety issues and potential microbial 
contamination. One reason for the concern is the lack of 
similar safeguards to those used in European and Asian 
foods. Inuit fermentation does not include the addition of 
salt, any step to pasteurize or sterilize the food, no addi-
tion of starter culture, and no direct control of tempera-
ture [1]. Despite the apparent lack of control, the Inuit 
have a long history of primarily safe use of fermented ani-
mal foods, and it is generally accepted that consumption 
of food microorganisms can be crucial to human health 
[36]. Although Inuit fermented foods are quite unique, 
both in preparation methods and the type of foods that 
are fermented, they certainly meet the definition of fer-
mented foods: “foods made through desired microbial 
growth and enzymatic conversions of food components,” 
established by the International Scientific Association for 
Probiotics and Prebiotics (ISAPP) in 2021 [37]. The bac-
teria in Inuit foods also differ from those in most other 
fermented foods. Fermented walrus and seal meats were 
found to have high concentrations of Clostridium species, 
and narwhal contained high concentrations of Clostrid-
ium and Bacteroidales [38, 39]. The fermented Inuit fish, 
mostly trout and arctic char but also hakarl (fermented 
shark), were found to have high bacterial counts of Pseu-
domonas and Photobacterium [1, 38, 40]. When Campbell 
et al. [1] tested 47 Inuit food samples using quantitative 
real-time PCR, the lowest bacterial count was 4 × 104 per 
gram on walrus meat, and the highest was on fermented 
char at 1.6 × 1011 with an average of 2.75 × 108 per gram. 
These foods are generally not cooked before fermenta-
tion or consumption but are usually eaten raw. Therefore, 
these Inuit foods contribute many live bacteria to the 
diet. It is known that bacteria consumed in the diet can 
reach the gut and contribute to the gut microbiome [41, 
42]. In fact, diet-derived transient lactic acid bacteria can 
account for as much as 0.1% of the gut microbiome in 
people who consume large amounts of fermented foods 
containing live lactic acid bacteria [42]. It is known that 
the gut microbiome is an important mediator of immu-
nity and can offer protection against infectious diseases 
[43, 44]. However, most research has been conducted on 
probiotic lactic acid bacteria from European and Asian 
foods, and the health benefits of fermented Inuit foods 
and their dominant bacteria have not been studied.

Despite the need for studies evaluating the health 
effects of Inuit fermented foods, there have been some 
attempts at researching the effects of the diet on the 
microbiomes of the Inuit people. However, that has also 
been somewhat compromised because, by the time the 
techniques for doing such studies became available, the 
Inuit people no longer consumed a mostly traditional 

diet. A 2022 gut metagenomic study of Nunavik youth 
(age 16–30) used shotgun sequencing data from stool 
samples to compare the genomes of the Nunavik youth 
with those of other Canadian non-industrialized and 
industrialized populations [45]. They found that the 
Nunavik youth had a more diverse microbiome than the 
other non-industrialized subjects. Those from an indus-
trialized region had the least microbial diversity in the 
gut. They could also identify specific bacteria character-
istic of a traditional Inuit diet (Table 1) [46–66]. Among 
the bacterial species were some that are generally consid-
ered beneficial and some that are sometimes involved in 
pathogenic processes when present in an overabundance. 
Some uniquely characteristic bacteria are likely due to 
bacteria consumed from traditional fermented foods. 
Campbell et al. [1] found that the species present in Inuit 
fermented foods differed from fermented foods, includ-
ing meats and fish, from other regions. They found that 
species from the Clostridium genus were the primary 
bacteria in fermented whale and seal meat. Fermented 
narwhal contained primarily Clostridium and Bacteroi-
dales bacteria. Fermented fish, trout, and arctic char had 
different microbial profiles dominated by Pseudomonas 
and Photobacterium species [1]. These same species are 
also common in hakarl and sharks [67]. These common 
bacteria and many others are very different from the bac-
teria commonly seen in Western and Asian fermented 
foods [38]. They are very likely to be major contributors 
to the diverse and unique microbiomes of the Inuit, who 
still eat at least some of the traditional fermented foods 
since fermented foods are generally known to contrib-
ute bacterial species to the human microbiome [68, 69]. 
Even though the microbial content of the Inuit fermented 
fish foods is unique to the region, clues to their poten-
tial health benefits may be obtained by comparison with 
Asian fermented fish.

Fermented fish and fish sauce in Asia
Fermented fish is also a traditional food in many Asian 
cultures, and the methods and types of fermented fish can 
vary significantly across different regions [69]. In contrast 
to the Inuit fermented fish, most Asian fermented fish is 
made with salt and sometimes contains rice or rice bran. 
Korea also has fermented fish called “jeotgal,” and jeot-
gal is made by salting small fresh fish, shrimp, squid, crab, 
roe, and intestines such as anchovy, shrimp, squid, Alaska 
pollock, and radish cubes [70]. Fermented fish or fish 
sauce made from fermented fish is used in various dishes 
as seasoning in Korea, Thailand, Vietnam, Philippines, 
and Cambodia. Asian fermented fish is made by clean-
ing fresh fish, covering all sides of fish with 8–30% salt to 
reduce harmful bacteria, placing the salted fish in a clean, 
airtight fermentation container, traditionally ceramic or 
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wooden container, sealing the container, and leaving the 
sealed container at room temperature for a few days to 
several months [71]. In Korea, the container for jeotgal is 
stored in an underground cave, where storage tempera-
ture is maintained at 13–15 °C all year [72].

Fish sauce is made by pressing fermented fish, filtering, 
pasteurizing, and aging it. Fish sauce is a fundamental 
ingredient in Asian cooking, often used to add saltiness 
and depth of flavor to a wide range of dishes, including 
soups, stir-fries, marinades, and dipping sauces. Different 
regions and countries may have variations in the produc-
tion and flavor profile of fish sauce, leading to a diverse 
range of fish sauces with unique tastes and characteris-
tics. Fermented fish and fish sauce are applied to make 
kimchi and soups [73]. Interestingly, fermented fish is 
seldom eaten as a main dish in Asian cuisine; however, 
the Inuit traditionally eat fermented marine foods as 

“stand-alone” foods rather than as a seasoning or soup 
base [1].

History of fermented fish (jeotgal) in Korea
Like the Inuit, Korea has a long history of preparing 
fermented fish. The Korean peninsula, specifically the 
region of Sando, has historically been a stage for the 
Korean people’s activities, and it was there that ancient 
Koreans began using fermented fish sauce, known as 
“jeotgal,” as a seasoning [74]. In a Chinese dictionary 
from around the third to fifth centuries B.C., “Liè” was 
the term for fish-based fermented sauce, whereas “Hai” 
was used for fermented sauce made from meat. These 
terms, “Liè,” “Zi,” and “Hai,” appeared in subsequent lit-
erature. In the fifth century, the “Jemin Yosul” mentioned 
two methods of fermenting—one using malt, meju (fer-
mented soybean), alcohol, and salt for fermenting grains, 

Table 1  Most important gut microbes for distinguishing the Inuit microbiome from other non-industrialized and industrialized 
populations according to Abed et al. [45]

Rank Species Characteristics of the species and relationship to diet

1 Collinsella massiliensis Gram-positive, obligate anaerobic, non-motile, and non-spore-forming bacillus [46]

2 Prevotella sp AM42 24 A common anaerobic, gram-negative, non-spore-forming bacterium associated with both desirable 
and undesirable traits [47]

3 Clostridium innocuum An anaerobic, gram-positive, spore-forming bacterium that is often benign but also potentially pathogenic 
[48]

4 Flavonifractor plautii A strictly anaerobic, Gram-positive, rod-shaped bacteria belonging to the family of Clostridiales. It is common 
in the gut and can cause blood infections but may help suppress allergies [49]

5 Clostridium bolteae Obligate anaerobic, gram-positive, rod-shaped, spore-forming bacteria [50]. Has been associated with autism 
[51]

6 Clostridium leptum A Clostridium bacteria that seems to be mostly beneficial and exhibits anti-inflammatory properties [52]

7 Anaerostipes hadrus A butyrate-producing bacteria isolated from human feces, gram-positive and rod-shaped. Beneficial 
for a healthy gut [53]

8 Enorma massiliensis Gram-stain-positive, non-motile, and rod-shaped organisms first isolated from fecal samples of healthy 
Chinese subjects [54]

9 Prevotella sp 885 A common genus of gut bacteria, but this species is associated with chronic kidney disease [55]

10 Bacteroides uniformis Bacteroides are common gut bacteria with harmful and beneficial properties, B. uniformis has been shown 
to have beneficial metabolic effects and to improve exercise performance [56]

11 Ruthenibacterium lactatiformans Gut bacteria were found to be elevated in several disease states, such as multiple sclerosis, but no cause 
and effect was established [57]

12 Fusicatenibacter saccharivorans Gram-positive, obligate anaerobe, non-motile, non-spore-forming, spindle-shaped bacteria isolated 
from human feces [58]

13 Eggerthella lenta A common anaerobic, non-sporulating, and Gram-positive bacteria in humans that can sometimes cause 
serious infections [59]

14 Anaerobiospirillum thomasii It is a potential pathogen, an anaerobic spiral bacteria isolated from the feces of cats and dogs and from the 
diarrheal feces of humans [60]

15 Anaerotruncus colihominis Gram-positive, anaerobe, non-spore-forming, rod-shaped bacteria isolated from human feces [61]

16 Butyrivibrio crossotus A gut bacteria shown to be elevated in metabolically healthy people [62]

17 Blautia wexlerae A potential probiotic bacteria that has been shown to prevent obesity and type 2 diabetes by improving 
the microbiome [63]

18 Bacteroides vulgatus Beneficial bacteria with anti-inflammatory effects are shown to be protective against ulcerative colitis [64]

19 Blautia obeum An anaerobic bacteria, possible immune enhancer. Eating dark chocolate enhanced B. obeum and improved 
mood [65]

20 Alistipes finegoldii An anaerobic bacteria often found in healthy gut but also associated with severe infections, but some studies 
show protective effects against several major diseases [66]
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seafood, vegetables, and salt, and the other using fish and 
meat with salt [75].

In the “Samguk Sagi” during the 8th year of King Shin-
mun’s reign (683 AD), when Kim Heomun’s daughter was 
welcomed as a queen, “Hai” was listed among the tribute 
items, signifying fermented fish sauce [74, 76]. Through-
out the Goryeo and Joseon dynasties, the process of mak-
ing fermented fish sauce evolved into two main methods: 
“Jeoryeomhae,” where fish and seafood were lightly 
salted, and “Shikhae,” which involved fermenting grains, 
vegetables, and fish that had been marinated in salt. Dur-
ing the Goryeo era, various records, official documents, 
and compilations began to shed light on the diverse 
culinary uses of fermented fish sauce, also presented in 
ancestral rituals [75, 77].

As the Chosun era unfolded, records related to fer-
mented fish sauce were frequently found in various per-
sonal diaries, indicating its relatively widespread use and 
the wide variety of types. The methods of making fer-
mented fish sauce during the Chosun era can be broader 
than what is known today.

Microbiota in Asian fermented fish
Aerobic bacteria of fermented fish collected in sum-
mer (average 5.87 log CFU/g) are higher than in winter 
(average 5.05 log CFU/g). Coliforms are not discovered 
in most samples but are detected in oysters, cutlass-
fish intestines, and flatfish sauce (ND–2.40 log CFU/g). 
The fish sauce contains a significant number of bacte-
ria, the majority of which are halophilic, with viable cell 
counts ranging between 103 and 105  CFU/g [78]. Lactic 
acid bacteria are 3–8 log CFU/g in fish sauce and abun-
dant in fermented fish, especially in flatfish sauce. At the 
genus level, 638 microorganisms were discovered in fish 
sauce. The fish sauce contains both beneficial and poten-
tially hazardous bacteria. In next-generation sequenc-
ing, the most dominant phyla were Firmicutes (62.00%) 
and Proteobacteria (31.69%) in the fermented fish and 
fish sauce, which is in contrast to the Pseudomonas and 
Photobacterium that are predominant in Inuit fermented 
fish. The Firmicutes phylum contains primarily lactic 
acid bacteria, which have a beneficial role in the food 
industry [79]. Fish sauce contains industrially significant 
lactic acid bacteria, including Leuconostoc, Lactobacil-
lus, Tetragenococcus, Lactococcus, and Weissella [80, 81]. 
However, some fermented fish and its sauce contain Pro-
teobacteria, part of which is pathogenic [82, 83]. Leucon-
ostocaceae, which showed the largest relative abundance 
at the family level in fish sauce (34.97%), is especially 
prominent in long-arm octopus sauce (65.35%). Entero-
bacteriaceae and Staphylococcus, potentially danger-
ous bacteria, were detected in Alaska pollock roe sauce. 
Long-arm octopus sauce contains low salt (about 6–8%), 

and Enterobacteriaceae and Staphylococcus contain path-
ogenic bacteria [84]. Diversity analysis demonstrated that 
raw materials substantially impacted the variability in the 
microbiota of fish sauce.

Fermented fish and health
Fermented fish and fish sauce involve the fermentation of 
fish with the help of microorganisms like bacteria and/or 
yeast [39]. During fermentation, these microorganisms 
break down the proteins and fats in the fish, leading to 
the development of unique flavors and textures. Ferment-
ing fish can increase the bioavailability of amino acids, 
peptides, and n-3 fatty acids, including EPA and DHA 
[85]. It also contains probiotics that can positively influ-
ence gut health by improving the gut microbiota, enhanc-
ing digestion, and supporting the immune system. It also 
contains postbiotics such as bioamines, peptides, and 
antioxidants, which may have health-promoting prop-
erties. Some of these compounds have been associated 
with anti-inflammatory, antioxidant, and antimicrobial 
effects. Bioactive peptides produced during fish fermen-
tation may possess antihypertensive effects by inhibiting 
enzymes involved in blood pressure regulation. It could 
contribute to cardiovascular health. Fermented food con-
sumption may act through changing gut microbiota, but 
a 7-day intake of Surströmming, a Swedish fermented 
fish, does not alter the microbiome of healthy individuals 
[86]. It may be due to short-term intake of Surströmming. 
Furthermore, the health benefits of fermented fish can 
vary based on factors such as the type of fish, fermenta-
tion methods, and the specific microorganisms involved. 
Some fermented fish contain pathogenic microorganism 
growth, which can be harmful [39].

Traditional beliefs about health benefits of Inuit foods
It is a common belief among the Inuit population that 
raw, warm meat imparts health benefits and makes 
a person strong and robust. The Inuit diet is report-
edly based on a few basic precepts: humans and ani-
mals share a close relationship, the links between the 
body and soul and life and health, seal blood and Inuit 
blood are closely related, and dietary choice affects 
health [88]. The Inuit commonly believe that combining 
humans and sealing blood in the bloodstream creates 
an ideally healthy body and soul. [87]. The Inuit believe 
that the combination of animal and human blood in 
one’s bloodstream creates a healthy human body and 
soul. Borré [87] described a woman who became ill, 
blamed it on a deficiency of seal in her diet, and quickly 
recovered within hours after being given seal meat and 
blood. It is an experience that was frequently reported 
by other Inuit as well. Despite the almost total depend-
ence on animal food, the Inuit still have been reported 
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to have a lower incidence of atherosclerosis than age-
matched individuals from developed regions, although 
there is some dispute about how much lower [88]. 
Nevertheless, there remains a persistent belief among 
the Inuit population that there is a close physical and 
spiritual relationship between themselves and the ani-
mals that compose most of their diet. This relationship 
is exemplified in a hunting tradition in which saltwater 
animals are always considered thirsty and are offered 
fresh water as they die to show their respect and grati-
tude toward the seal and their appreciation for the seal, 
and their bodies become one [89].

Safety of fermented fish
Ensuring the safety of fermented foods, particularly 
naturally fermented traditional foods, is crucial as there 
is a possibility of contamination by harmful microor-
ganisms. The fermentation process, which enables the 
consumption of raw food materials without cooking, 
may not completely eliminate all potential pathogens. 
Severe food poisoning has been documented, often 
linked to uneven salt distribution in lactic acid bacte-
ria (LAB)-fermented fish products and contamination 
by Proteobacteria and Aspergillus flavus [85]. Although 
traditional fish fermentation methods typically have 
inherent safety measures, several factors can impact 
the final safety and quality of fermented fish products, 
including processing hygiene, histamine, clostridium, 
and salmonella poisoning [86]. While fermented fish 
products are generally considered safe for consump-
tion, various factors can render the product unsafe. 
These include the use of contaminated, low-grade, or 
poor-quality raw materials, inadequate storage facilities 
for raw materials, unhygienic preparation techniques, 
improper handling involving chemicals, substandard 
hygienic marketing facilities, lack of standardized pack-
aging practices, and the risk of cross-contamination 
during marketing, posing a threat to consumers’ health 
and safety. Although extrapolations from Asian and 

other fermented meats and fish to Inuit fermented fish 
are imperfect, they may provide clues to their potential 
health benefits [90], some of which are presented in 
Table 2.

Future challenges and directions
The future outlook for studying and utilizing tradi-
tional Inuit foods is not encouraging. The use of tradi-
tional foods has steadily declined [97] as the population 
has moved into permanent housing and small towns 
established by governmental authorities. Most publica-
tions about fermented fish, which are still occasionally 
consumed, focus on food poisoning outbreaks due to 
improper preparation. Suppose the traditional foods and 
food preparation methods are to be preserved and health 
benefits scientifically studied. In that case, investigators 
will require a concerted effort to document the remain-
ing knowledge of the elderly population. Preserving tra-
ditional foods would require efforts to commercialize 
the production of traditional Inuit food since Inuit is no 
longer an itinerant population moving toward search-
ing for new animal food sources. The preservation of the 
traditional Inuit food customs will be challenging and, 
in some respects, impossible. However, the knowledge 
of this ancient culture should be preserved as much as 
possible.

Conclusions
Fermentation is a well-established way of preparing many 
types of food for long-term storage. Fermentation has 
historically been critical to the Inuit people who live in 
remote regions above the Arctic Circle and have long 
periods in which fresh foods are inaccessible. Fermented 
foods have traditionally been dietary staples for much of 
the year. Fermented marine products are the most com-
monly fermented foods of the Inuit, and these foods pro-
vide essential dietary nutrients but also contribute to the 
microbiomes of the Inuit people. Although the bacteria 
are different from the largely lactic acid bacterial fer-
mentation of most Asian and European fermented foods, 

Table 2  Health benefits of fermented animal and fish foods

Benefits Bioactive Compounds Foods Fermentation Microorganism(s) References

Antioxidants Phenolic compounds, Dry-cured pork loins Probiotic Strains of LAB [91]

Antioxidant Neuroractive γ-Aminobutyric acid, 
peptides, CLA2, Folate

Functional fermented sausages Bifidobacterium longum [92]

Anti-inflammatory Potential pathogen Butyrate Fermented
Whale, Narwal, Seal

Clostridium species [1, 93]

Anti-bacterial lipid production Bacteriocins Fermented Fish Photobacterium [1, 94]

Anti-aging in skin Uncertain Fermented fish oil Lactobacillus plantarum and Sac-
charomyces cerevisiae

[95, 96]
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they are still important to the development of the unique 
microbiomes of the Inuit. Food safety remains a serious 
concern for the preparation of Inuit fermented foods 
since the Westernization of the Inuit diet has resulted 
in the loss of knowledge and skills to safely prepare tra-
ditional fermented foods. A concerted effort will be 
required to study and document food preparation meth-
ods utilized by traditional Inuit people, or the knowledge 
of the Inuit ancestors will be forever lost.

Acknowledgements
The authors thank the anonymous reviewers for their valuable inputs and 
comments.

Author contributions
JWD contributed to conceptualization, methodology, writing—draft and 
review and editing, and project administration. SP contributed to conceptual‑
ization and writing—original draft and review and editing.

Funding
None.

Availability of data and materials
This study includes all data collected.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 8 January 2024   Accepted: 15 July 2024
Published: 4 November 2024

References
	1.	 Campbell R, Hauptmann A, Campbell K, Fox S, Marco ML. Better 

understanding of food and human microbiomes through collaborative 
research on Inuit fermented foods. Microbiome Res Rep. 2022;1:5.

	2.	 Lougheed T. The changing landscape of arctic traditional food. Environ 
Health Perspect. 2010;118(9):A386–93.

	3.	 Kuhnlein H, Chan H, Leggee D, Barthet V. Macronutrient, mineral and fatty 
acid composition of Canadian arctic traditional food. J Food Comp Anal. 
2002;15:545–66.

	4.	 Mann GV, Scott EM, Hursh LM, Heller CA, Youans JB, Consolazio JB, et al. 
The health and nutritional status of Alaskan Eskimos: a survey of the 
interdepartmental committee on nutrition for national defense—1958. 
Am J Clin Nutr. 1962;11:31–76.

	5.	 Baker GL. Nutritional survey of northern Eskimo infants and children. Am 
J Clin Nutr. 1969;22:612–6.

	6.	 Bang HO, Dyerberg J, Sinclair HM. The composition of the Eskimo food in 
northwestern Greeland. Am J Clin Nutr. 1980;33:2657–61.

	7.	 Sinclair HM. The diet of Canadian Indians and Eskimos. Proc Nutr Soc. 
1952;12:69.

	8.	 Frink L, Giordano C. Women and subsistence food technology: the arctic 
seal poke storage system. Food Foodways. 2015;23:251–72.

	9.	 Shaffer N, Wainwright RB, Middaugh JP, Tauxe RV. Botulism among Alaska 
natives: the role of changing food preparation and consumption prac‑
tices. West J Med. 1990;153:390–3.

	10.	 Eisenberg MS, Bender TR. Plastic bags and botulism: a new twist to an old 
hazard of the North. Alaska Med. 1976;18:47–9.

	11.	 Wainwright RB, Heyward WL, Middaugh JP, et al. Food-borne botulism 
in Alaska 1947–1985: epidemiology and clinical findings. J Infect dis. 
1988;157:1158–62.

	12.	 Eisenberg MS, Bender TR. Botulism in Alaska, 1947 through 1974. JAMA. 
1976;235:35–8.

	13.	 Sheehy T, Roache C, Sharma S. Eating habits of a population undergoing 
a rapid dietary transition: portion sizes of traditional and non-traditional 
foods and beverages consumed by Inuit adults in Nunavut. Canada 
Nutrition J. 2013;12:70.

	14.	 Ebbesson SOK, Schraer CD, Risica PM, et al. Diabetes and impaired 
glucose tolerance in three Alaskan Eskimo populations. Diabetes Care. 
1998;21(4):563–9.

	15.	 Little M, Hagar H, Zivot C, Dodd W, Skinner K, Kenny T-A, Caughey A, 
Gaupholm J, Lemire M. Drivers and health implications of the dietary 
transition among Inuit in the Canadian arctic: a scoping review. Public 
Health Nutr. 2021;24(9):2650–68.

	16.	 Kellett S, Porier P, Dewailly E, Sampasa H, Chateau-Degat M-L. Is severe 
obesity a cardiovascular health concern in the Inuit population. Am J 
Hum Biol. 2012;24:441–5.

	17.	 Hopping BN, Erber E, Mead E, Sheehy T, Roache C, Sharma S. Socioeco‑
nomic indicators and frequency of traditional food, junk food, and fruit 
and vegetable consumption amongst Inuit adults in the Canadian Arctic. 
J Hum Nutr Diet. 2010;23(Suppl 1):51–8.

	18.	 Gittelsohn J, Cindy Roache C, Kratzmann M, Reid R, Ogina J, Sharma S. 
Participatory research for chronic disease prevention in Inuit communi‑
ties. Am J Health Behav. 2010;34:453–64.

	19.	 Ford J, Lardeau M-P, Vanderbilt W. The characteristics and experience 
of community food program users in arctic Canada: a case study from 
Iqaluit. Nunavut BMC Public Health. 2012;12:464.

	20.	 Huet C, Rosol R, Egeland GM. The prevalence of food insecurity is high 
and the diet quality poor in Inuit communities. J Nutr. 2012;142:541–7.

	21.	 Ford JD, Beaumier M. Feeding the family during times of stress: experi‑
ence and determinants of food insecurity in an Inuit community. Geogr J. 
2011;177:44–61.

	22.	 Tester FJ, Irniq P. Inuit Qaujimajatuqangit: social history, politics and the 
practice of resistance. Arctic. 2008;61(Suppl):48–61.

	23.	 Little M, Hagar H, Zivot C, Dodd W, Skinner K, Kenny T-A, Caughey A, 
Gaupholm J, Lemire M. Drivers and health implications of the dietary 
transition among Inuit in the Canadian arctic: a scoping review. Public 
Health Nutr. 2021;24:2650–68.

	24.	 Rosol R, Powell-Hellyer S, Chan HM. Impacts of decline harvest of 
country food on nutrient intake among Inuit of arctic Canada: Impact of 
climate changes and possible adaptation plan. Int J Circumpolar Health. 
2016;75:31127.

	25.	 Hale N. Inuit metabolism revisited: what drove the selective sweep of 
CPT1a L479? Mol Genet Metab. 2020;129:255–71.

	26.	 Hopping BN, Mead E, Erber E, Sheehy C, Roache C, Sharma S. Dietary 
adequacy of Inuit in the Canadian arctic. J Hum Nutr Diet. 2010;23(Suppl 
1):27–34.

	27.	 Egeland GM, Johnson-Down L, Cao ZR, Sheikh N, Weiler H. Food 
insecurity and nutrition transition combine to affect nutrient intakes in 
Canadian arctic communities. J Nutr. 2011;141:1746–53.

	28.	 Gagné D, Blanchet R, Lauzière J, Vaissière É, Vézina C, Ayotte P, Déry S, 
Turgeon OH. Traditional food consumption is associated with higher 
nutrient intakes in Inuit children attending childcare centers in Nunavik. 
Int J Circumpolar Health. 2012;71:18401.

	29.	 Sharma S. Assessing diet and lifestyle in the Canadian arctic Inuit and 
Inuvialuit to inform a nutrition and physical activity intervention program. 
J Hum Nutr Diet. 2010;23(Suppl 1):5–17.

	30.	 Kuhnlein HV, Soueida R, Receveur O. Dietary nutrient profiles of Canadian 
Baffin island Inuit differ by food source, season, and age. J Am Diet Assoc. 
1996;96:155–62.

	31.	 Kuhnlein HV, Receveur O, Soueida R, Berti PR. Unique patterns of dietary 
adequacy in three cultures of Canadian arctic indigenous peoples. Public 
Health Nutr. 2008;11:349–60.

	32.	 Schaefer O, Timmermans JF, Eaton RD, Matthews AR. General and nutri‑
tional health in two Eskimo populations at different stages of accultura‑
tion. Can J Public Health. 1980;71:397–405.



Page 10 of 11Daily and Park ﻿Journal of Ethnic Foods  (2024) 11:38

	33.	 Kuhnlein HV, Receveur O, Soueida R, Egeland GM. Arctic indigenous peo‑
ples experience the nutrition transition with changing dietary patterns 
and obesity. J Nutr. 2004;134:1447–53.

	34.	 Chateau-Degat ML, Dewailly E, Louchini R, Counil E, Noël M, Ferland A, 
Lucas M, Valera B, Ekoé JM, Ladouceur R, Déry S, Egeland G. Cardiovas‑
cular burden and related risk factors among Nunavik (Quebec) Inuit: 
insights from baseline findings in the circumpolar Inuit health in transi‑
tion cohort study. Can J Cardiol. 2010;26:190–6.

	35.	 Wilkins R, Uppal S, Finès P, Senècal S, Guimond E, Dion R. Life expec‑
tancy in the Inuit-inhabited areas of Canada, 1989 to 2003. Health Rep. 
2008;19:7–19.

	36.	 Hill C, Tancredi DJ, Cifelli CJ, Slavin JL, Gahche J, Marco ML, Hutkins R, 
Fulgoni VL 3rd, Merenstein D, Sanders ME. Positive health outcomes asso‑
ciated with live microbe intake from foods, including fermented foods, 
assessed using the NHANES database. J Nutr. 2023;153:1143–114.

	37.	 Marco ML, Sanders ME, Gänzle M, Arrieta MC, Cotter PD, De Vuyst L, Hill 
C, Holzapfel W, Lebeer S, Merenstein D, Reid G, Wolfe BE, Hutkins R. The 
international scientific association for probiotics and prebiotics (ISAPP) 
consensus statement on fermented foods. Nat Rev Gastroenterol Hepa‑
tol. 2021;18:196–208.

	38.	 Tamang JP, Watanabe K, Holzapfel WH. Review: diversity of microor‑
ganisms in global fermented foods and beverages. Front Microbiol. 
2016;7:377.

	39.	 Zang J, Xu Y, Xia W, Regenstein JM. Quality, functionality, and microbiol‑
ogy of fermented fish: a review. Crit Rev Food Sci Nutr. 2020;60:1228–42.

	40.	 Egerton S, Culloty S, Whooley J, Stanton C, Ross RP. The gut microbiota of 
marine fish. Front Microbiol. 2018;9:873.

	41.	 De Filippis F, Pasolli E, Ercolini D. The food-gut axis: lactic acid bacteria and 
their link to food, the gut microbiome and human health. FEMS Microbiol 
Rev. 2020;44:454–89.

	42.	 Pasolli E, De Filippis F, Mauriello IE, Cumbo F, Walsh AM, Leech J, Cot‑
ter PD, Segata N, Ercolini D. Large-scale genome-wide analysis links 
lactic acid bacteria from food with the gut microbiome. Nat Commun. 
2020;11:2610.

	43.	 Wiertsema SP, Bergenhenegouwen JV, Garssen, Knippels LMJ. The 
interplay between the gut microbiome and the immune system in the 
context of infectious diseases throughout life and the role of nutrition in 
optimizing treatment strategies. Nutrients. 2021;13:886.

	44.	 Manos J. The human microbiome in disease and pathology. APMIS. 
2022;130:690–705.

	45.	 Abed JY, Godon T, Mehdaoui F, Plante PL, Boissinot M, Bergeron MG, 
Bélanger RE, Muckle G, Poliakova N, Ayotte P, Corbeil J, Rousseau E. Gut 
metagenome profile of the Nunavik Inuit youth is distinct from industrial 
and non-industrial counterparts. Commun Biol. 2022;5:1415.

	46.	 Padmanabhan R, Dubourg G; Jean-Christophe lagier; Nguyen TT, Couderc 
C, Rossi-Tamisier M, Caputo A, Raoult D, Fournier PE. Non-contiguous 
finished genome sequence and description of Collinsella massiliensis sp. 
nov. Stand Genomic Sci. 2014;9:1144–58.

	47.	 Abdelsalam NA, Hegazy SM, Aziz RK. The curious case of Prevotella copri. 
Gut Microbes. 2023;15:2249152.

	48.	 Cherny KE, Muscat EB, Balaji A, Mukherjee J, Ozer EA, Angarone MP, 
Hauser AR, Sichel JS, Amponsah E, Kociolek LK. Association between 
clostridium innocuum and antibiotic-associated diarrhea in adults and 
children: a cross-sectional study and comparative genomics analysis. Clin 
Infect Dis. 2023;76:e1244–51.

	49.	 Ogita T, Yamamoto Y, Mikami A, Shigemori S, Sato T, Shimosato T. Oral 
Administration of Flavonifractor plautii strongly suppresses Th2 immune 
responses in mice. Front Immunol. 11: 379

	50.	 Song Y, Liu C, Molitoris DR, Tomzynski TJ, Lawson PA, Collins MD, Finegold 
SM. Clostridium bolteae sp. Nov., isolated from human sources. Syst Appl 
Microbiol. 2003;26:84–9.

	51.	 Pequegnat B, Sagermann M, Valliani M, Toh M, Chow H, Allen-Vercoe E, 
Monteiro MA. A vaccine and diagnostic target for Clostridium bolteae, an 
autism-associated bacterium. Vaccine. 2013;26:2787–90.

	52.	 Huang F, Zhang Y, Bai XQ, Wang CX, Li YM. Clostridium leptum induces 
the generation of interleukin-10+ regulatory B cells to alleviate airway 
inflammation in asthma. Mol Immunol. 2022;145:124–38.

	53.	 Kant R, Rasinkangas P, Satokari R, Pietilä TE, Palva A. Genome Sequence 
of the Butyrate-Producing Anaerobic Bacterium Anaerostipes hadrus PEL 
85.Genome Announc. 2015;3:e00224–15.

	54.	 Ge Y, Yang J, Lai XH, Jin D, Lu S, Zhang G, Huang Y, Luo X, Zheng H, Tao Y, 
Yuan T, Li L, Zhang X, Xu J. Enorma shizhengliae sp. nov. and Eggerthella 
guodeyinii sp. nov., two new members of the family Coriobacteriaceae. 
Int J Syst Evol Microbiol. 2021;71(7).

	55.	 Wu IW, Gao SS, Chou HC, Yang HY, Chang LC, Kuo YL, Dinh MCV, Chung 
WH, Yang CW, Lai HC, Hsieh WP, Su SC. Integrative metagenomic and 
metabolomic analyses reveal severity-specific signatures of gut micro‑
biota in chronic kidney disease. Theranostics. 2020;10:5398–411.

	56.	 Morita H, Kano C, Ishii C, Kagata N, Ishikawa T, Hirayama A, Uchiyama Y, 
Hara S, Nakamura T, Fukuda S. Bacteroides uniformis and its preferred 
substrate, α-cyclodextrin, enhance endurance exercise performance in 
mice and human males. Sci Adv. 2023;9:eadd2120.

	57.	 Cox LM, Maghzi AH, Liu S, Tankou SK, Dhang FH, Willocq V, Song A, Wasén 
C, Tauhid S, Chu R, Anderson MC, De Jager PL, Polgar-Turcsanyi M, Healy 
BC, Glanz BI, Bakshi R, Chitnis T, Weiner HL. Gut microbiome in progressive 
multiple sclerosis. Ann Neurol. 2021;89(6):1195–211.

	58.	 Takada T, Kurakawa T, Tsuji H, Nomoto K. Fusicatenibacter saccharivorans 
gen. nov., sp. nov., isolated from human faeces. Int J Syst Evol Microbiol. 
2013;63:3691–3696.

	59.	 Jiang S, E J, Wang D, Zou Y, Liu X, Xiao H, Wen Y, Chen Z. Eggerthella lenta 
bacteremia successfully treated with ceftizoxime: case report and review 
of the literature. Eur J Med Res. 2021;26:111

	60.	 Malnic H. Anaerobiospirillum thomasii sp. nov., an anaerobic spiral bacte‑
rium isolated from the feces of cats and dogs and from diarrheal feces 
of humans, and emendation of the genus Anaerobiospirillum. Int J Syst 
Bacteriol. 1997;47:381–4.

	61.	 Lawson PA, Song Y, Liu C, Molitoris DR, Vaisanen ML, Collins MD, Finegold 
SM. Anaerotruncus colihominis gen. nov., sp. nov., from human faeces. Int J 
Syst Evol Microbiol. 2004;54:413–417.

	62.	 Chen H, Tang N, Ye Q, Yu X, Yang R, Cheng H, Zhang G, Zhou X. Alterna‑
tion of the gut microbiota in metabolically healthy obesity: an integrated 
multiomics analysis. Front Cell Infect Microbiol. 2022;12:1012028.

	63.	 Hosomi K, Saito M, Park J, Murakami H, Shibata N, Ando M, Nagatake 
T, Konishi K, Ohno H, Tanisawa K, Mohsen A, Chen Y-A, Kawashima H, 
Natsume-Kitatani Y, Oka Y, Shimizu H, Furuta M, Tojima Y, Sawane K, Saika 
A, Kondo S, Yonejima Y, Takeyama H, Matsutani A, Mizuguchi K, Miyachi 
M, Kunisawa J. Oral administration of Blautia wexlerae ameliorates obesity 
and type 2 diabetes via metabolic remodeling of the gut microbiota. Nat 
Commun. 2022;13:4477.

	64.	 Li S, Wang C, Zhang C, Luo Y, Cheng Q, Yu L, Zhen SZ. Evaluation of the 
effects of different bacteroides vulgatus strains against DSS-Induced 
Colitis. J Immunol Res. 2021;2021:9117805.

	65.	 Shin JH, Kim CS, Cha L, Kim S, Lee S, Chae S, Chun WY, Shin DM. Con‑
sumption of 85% cocoa dark chocolate improves mood in association 
with gut microbial changes in healthy adults: a randomized controlled 
trial. J Nutr Biochem. 2022;99: 108854.

	66.	 Parker BJ, Wearsch PA, Veloo ACM, Rodriguez-Palacios A. The genus alis‑
tipes: gut bacteria with emerging implications to inflammation, cancer, 
and mental health. Front Immunol. 2020;11:906.

	67.	 Osimani A, Ferrocino I, Agnolucci M, Cocolin L, Giovannetti M, Cristani C, 
Palla M, Milanović V, Roncolini A, Sabbatini R, Garofalo C, Clementi F, Car‑
dinali F, Petruzzelli A, Gabucci C, Tonucci F, Aquilanti L. Unveiling hákarl: a 
study of the microbiota of the traditional Icelandic fermented fish. Food 
Microbiol. 2019;82:560–72.

	68.	 Zang J, Xu Y, Xia W, Regenstein JM. Quality, functionality, and 
microbiology of fermented fish: a review.Crit Rev Food Sci Nutr. 
2020;60:1228–1242.

	69.	 Belleggia L, Osimani A. Fermented fish and fermented fish-based prod‑
ucts, an ever-growing source of microbial diversity: a literature review. 
Food Res Int. 2023;172: 113112.

	70.	 Jung MY, Kim T-W, Lee C, Kim JY, Song HS, Kim YB, Ahn SW, Kim JS, Roh 
SW, Lee HL. Role of jeotgal, a Korean traditional fermented fish sauce in 
microbial dynamics and metabolite profiles during kimchi fermentation. 
Food Chem. 2018;265:135–43.

	71.	 Narzary Y, Das S, Goyal AK, Lam SS, Sarma H, Sharma D. Fermented fish 
products in South and Southeast Asian cuisine: indigenous technology 
processes, nutrient composition, and cultural significance. J Ethnic Food. 
2021;8:33.

	72.	 Song HS, Kim SH. A study on folk customs’ approach to Kwangcheon 
Togul. J Speleological Soc Korea. 2004;64:47–9.



Page 11 of 11Daily and Park ﻿Journal of Ethnic Foods  (2024) 11:38	

	73.	 Chan SXY, Fitri N, Mio Asni NS, Sayuti NH, Azlan UK, Qadi WSM, Dawoud 
EAD, Kamal N, Sarian MN, Mohd Lazaldin MA, Low CF, Harun S, Hamezah 
HS, Rohani ER, Mediani A. A comprehensive review with future insights 
on the processing and safety of fermented fish and the associated 
changes. Foods. 2023;12:558.

	74.	 Lee JS, Park JM, Kim AJ. The history of salted-seafood consumption and 
an evaluation of its nutritional and functional value. Asian J Beauty Cos‑
metol. 2002;20(2):273–84.

	75.	 Kim WS. Properties of Korean traditional fermented seafoods. Jeotga J 
Green Industrial Res. 2011;17:9–17.

	76.	 Koo SJ. Yaksun (medicinal food) in Korean food culture. J East Asian Soc 
Dietary Life. 2000;10(6):560–4.

	77.	 Lee CH. Fermentation technology in Korea. Seoul: Korea University Press; 
2001.

	78.	 Bekhit AEA, Duncan A, Bah CSF, Ahmed IAM, Al-Juhaimi FY, Amin HF. 
Impact of fermentation conditions on the physicochemical properties, 
fatty acid and cholesterol contents in salted-fermented hoki roe. Food 
Chem. 2018;264:73–80.

	79.	 Lavermicocca P, Reguant C, Bautista-Gallego J. Editorial: lactic acid 
bacteria within the food industry: what is new on their technological and 
functional role. Front Microbiol. 2021;12: 711013.

	80.	 Du F, Zhang X, Gu H, Song J, Gao X. Dynamic changes in the bacte‑
rial community during the fermentation of traditional Chinese fish 
sauce (TCFS) and their correlation with TCFS quality. Microorganisms. 
2019;7:371.

	81.	 Narzary Y, Das S, Goyal AK, Lam SS, Sarma H, Sharma D. Fermented fish 
products in South and Southeast Asian cuisine: indigenous technology 
processes, nutrient composition, and cultural significance. J Ethnic Food. 
2021;8(1):33.

	82.	 Rodpai R, Sanpool O, Thanchomnang T, Wangwiwatsin A, Sadaow L, 
Phupiewkham W, Boonroumkaew P, Intapan PM, Maleewong W. Investi‑
gating the microbiota of fermented fish products (Pla-ra) from different 
communities of northeastern Thailand. PLoS ONE. 2021;16: e0245227.

	83.	 Nofiani R, Ardiningsih P. Physicochemical and microbiological profiles 
of commercial Cincalok from West Kalimantan. J Pengolahan Hasil Peri‑
kanan Indonesia. 2018;21:122.

	84.	 Ly D, Mayrhofer S, Schmidt JM, Zitz U, Domig KJ. Biogenic amine contents 
and microbial characteristics of cambodian fermented foods. Foods. 
2020;9:198.

	85.	 Chan SXY, Fitri N, Mio Asni NS, Sayuti NH, Azlan UK, Qadi WSM, Dawoud 
EAD, Kamal N, Sarian MN, Mohd Lazaldin MA, et al. A comprehensive 
review with future insights on the processing and safety of fermented 
fish and the associated changes. Foods. 2023;12:558.

	86.	 Kallner A, Debelius J, Schuppe-Koistinen I, Pereira M, Engstrand L. Effects 
of consuming fermented fish (Surströmming) on the fecal microflora in 
healthy individuals. J Med Food. 2023;26:185–92.

	87.	 Borré K. Seal blood, Inuit blood, and diet: a biocultural model of physiol‑
ogy and cultural identity. Med Anthropol Q. 1991;5:48–62.

	88.	 Fodor JG, Helis E, Yazdekhasti N, Branislav VB. “Fishing” for the origins of 
the “Eskimos and heart disease” story: facts or wishful thinking? Can J 
Cardio. 2014;30:864–8.

	89.	 Bennett J, Rowley S, editors. Uqalurait: An Oral History of Nunavut. 
Canada: McGill-Queen’s Univ. Press; 2004.

	90.	 Melini F, Melini V, Luziatelli F, Ficca AG, Ruzzi M. Health-promoting compo‑
nents in fermented foods: an up-to-date systematic review. Nutrients. 
2019;27:1189.

	91.	 Kęska P, Stadnik J. Stability of antiradical activity of protein extracts and 
hydrolysates from dry-cured pork loins with probiotic strains of LAB. 
Nutrients. 2018;10:521.

	92.	 Song MY, Van-Ba H, Park WS, Yoo JY, Kang HB, Kim JH, Kang SM, Kim BM, 
Oh MH, Ham JS. Quality characteristics of functional fermented sausages 
added with encapsulated probiotic bifidobacterium longum KACC 
91563. Korean J Food Sci Anim Resour. 2018;38:981–94.

	93.	 Stoeva MK, Garcia-So J, Justicen N, Myers J, Tyagim S, Nemchek M, 
McMurdie PJ, Kolterman O, Eid J. Butyrate-producing human gut 
symbiont, Clostridium butyricum, and its role in health and disease. Gut 
Microbes. 2021;13:1907272.

	94.	 Moi IM, Roslan NN, Leow ATC, Ali MSM, Rahman RNZRA, Rahimpour A, 
Sabri S. The biology and the importance of Photobacterium species. Appl 
Microbiol Biotechnol. 2017;101:4371–4385.

	95.	 Park JE, Hyun YA, Piao MJ, Kang KA, Ryu YS, Shilnikova K, Zhen AO, Ahn 
MJ, Ahn YS, Koh YS, Kang HK, Hyun JW. Mackerel-derived fermented 
fish oil protects skin against UVB-induced cellular damage by inhibiting 
oxidative stress. J Funct Foods. 2018;46:147–58.

	96.	 Hyun YJ, Piao MJ, Kang KA, Zhen AX, Madushan Fernando PDS, Kang HK, 
Ahn YS, Hyun JW. Effect of fermented fish oil on fine particulate matter-
induced skin aging. Mar Drugs. 2019;17:61.

	97.	 SheehyT, Kolahdooz F, Roache C, Sharma S. Changing dietary patterns in 
the Canadian arctic: frequency of consumption of foods and beverages 
by inuit in three Nunavut communities. Food Nutr Bull. 2014;35:244–52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Fermented marine foods of the indigenous arctic people (Inuit) and comparisons with Asian fermented fish
	Abstract 
	Introduction
	Fermented fish of the Inuit
	Traditional foods of the indigenous people of the arctic
	Traditional fermented food of the indigenous people of the arctic
	Health and lifestyle trends among the Inuit people
	How declines in traditional diets affect the health of the Inuit people.
	Inuit fermented foods and microbiomes

	Fermented fish and fish sauce in Asia
	History of fermented fish (jeotgal) in Korea
	Microbiota in Asian fermented fish
	Fermented fish and health
	Traditional beliefs about health benefits of Inuit foods
	Safety of fermented fish
	Future challenges and directions

	Conclusions
	Acknowledgements
	References


