OPEN ACCESS &

Canrea Journal: Food Technology, Nutritions, and Culinary is licensed
under a Creative Commons Attribution 4.0 International License, which @
permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

Type of the Paper (Review)

Mazlinah binti Atun?!, Norliza binti Juimohammad®?*, Nurul Huda3, Jumardi bin Roslan??,
Amir Husni bin Mohd Shariff!, Fithri Choirun Nisa* and Yusra®

! Faculty of Food Science and Nutrition, Universiti Malaysia Sabah, 88400 Kota Kinabalu,
Sabah, Malaysia

2 Food Security Laboratory Research, Faculty of Food Science and Nutrition, Universiti
Malaysia Sabah, 88400 Kota Kinabalu, Sabah, Malaysia

3 Faculty of Fisheries and Marine Science, Universitas Brawijaya, 65145, Malang, East Java,
Indonesia

4 Department of Food Science and Biotechnology, Faculty of Agricultural Technology,
Universitas Brawijaya, 65145, Malang, East Java, Indonesia

> Faculty of Fisheries and Marine Sciences, Universitas Bung Hatta, 25133, Padang, West
Sumatera, Indonesia

Abstract Received February 24, 2024
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fermented fish, its types and methods of fermentation, nutritional value,

health benefits, and risks. The paper highlights traditional and modern

methods of fermentation using various types of fish and provides examples

of popular fermented fish dishes. The nutritional value of fermented fish is ~ Fermented Fish,
emphasized, including their high protein and amino acid content, omega-3  Probiotic Fish, Food

fatty acids, vitamins, and minerals. Moreover, fermented fish has Preservation, Fish
demonstrated promising health benefits such as improved cardiovascular ~ Safety, Fermented

health, gut health, and anti-cancer properties. However, high sodium content ~ Fish Nutrition,

and potential risks of histamine poisoning, or other foodborne illnesses  Southeast Asian

require caution in the consumption of these foods. The paper concludes by  Fish.

underscoring the cultural and public health significance of fermented fish and

highlighting the potential for further research on the health benefits and risks

of this traditional food.

Fermented fish is a process of preparing fish by allowing it to ferment, which changes
the texture, taste, and aroma of the fish (1). In this process, the fish is traditionally salted and
dried out in the open air, allowing microorganisms such as Bacillus spp., Staphylococci spp.,
and Micrococci spp., which are also prominent to colonize the fish. In fermented fish products,
microorganisms catalyze protein degradation by secreting proteases, thereby altering the
nutritional values of foods (2). Notably, fermentation can occur spontaneously or be achieved
by adding a starter culture (3). Bacteria secrete enzymes that break down the proteins in the
fish, resulting in a more tender texture. This preservation technique is commonly found in
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Southeast Asian cuisines, particularly Thailand, Malaysia, Indonesia, and the Philippines. Note
that fermented fish is often used as a condiment, seasoning, or flavor enhancer in dishes (4).

In Southeast Asia, fish is a fundamental component of the region's culinary traditions,
playing a critical role in local diets and food culture. In these cultures, it holds great cultural
and historical importance (5). Fermentation is essentially a preservation technique that allows
fish to be stored for extended periods, even without refrigeration technology (6). This was
especially crucial in the past when it was a way to ensure food security. Fish tends to spoil
quickly and is highly susceptible to microbial contamination if not salted, fried, smoked, or
preserved (7). Moreover, fermentation is also used to enhance the flavor of the fish, thereby
making it more savory.

Furthermore, fermented fish is used in various dishes and can be enjoyed in various
forms (8). For example, in Thailand, it is commonly used in Som Tam. This popular salad
combines shredded papaya, fish sauce, and lime juice, as well as in spicy dishes like Nam Khao
Tod, a crispy rice salad flavored with fermented fish sauce and chili peppers (9). In Malaysia,
fish paste, a by-product of fermented fish, is used extensively in many dishes, such as soups,
stews, and fried rice (10). Ultimately, fermented fish has a rich culinary history in Southeast
Asia, and today, it continues to be a signature ingredient in many traditional dishes.

Fermented

Fish:

Health
Benefits

Nutritional Value Probiotics Anti-Oxidant Cardiovascular
Properties Health
High protein Improve gut Combat
content health oxidative stress
Rich in Vitamins Improve Reduce risk Reducing
and Minerals digestion chronic heart inflammation
| | disease
Essential amino ) . I .
acid and Free Boost immune Inhibit cell Lowering the
fatty acids systems cancer activity cholesterol level

Fermented fish, on the other hand, has the highest potential (Figure 1) to promote
public health by providing a nutrient-rich food source. Consuming fermented fish can help
boost the immune system and reduce the risk of chronic diseases, such as heart disease and
cancer. Additionally, promoting the consumption of fermented fish can help reduce the
incidence of foodborne illnesses, as the fermentation process kills harmful bacteria and
increases the bioavailability of essential nutrients. Furthermore, fermented fish can
contribute to a balanced diet and support overall well-being, particularly for individuals with
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specific dietary needs or restrictions. Moreover, small-scale fermentation operations can be
established in rural communities, providing job opportunities for local residents and
supporting local economies while promoting healthy eating habits (4).

However, further research is required to investigate the nutritional quality of fermented
fish products in Southeast Asia, particularly with regard to their protein, fat, fatty acid, amino
acid contents, and mineral contents. Additionally, the potential health benefits and adverse
effects of consuming these products should be examined to fully understand their advantages
and limitations. The purpose of the paper is to provide a comprehensive review of fermented
fish in Southeast Asian cuisine. The paper highlights the different types of fermented fish
products, fermentation methods, their role in traditional dishes, and their nutritional value.
In addition, the article will explore the potential health advantages of consuming fermented
fish while examining the perceived risks and highlighting necessary precautions to guarantee
its safe consumption. Ultimately, the paper seeks to emphasize the importance of fermented
fish in Southeast Asian culture and encourage further research into its health effects,
potential, and implications for public health policies.

Fermented fish products are commonly found in Southeast Asian countries but can also
be found in other regions. The procedures utilized to manufacture these fermented fish differ
across different countries since each has its own distinct manner of presenting its culture
through food taste and flavor. In addition, fish commonly used in fermentation in Southeast
Asia include various types of freshwater and saltwater fish, such as sardines, anchovies, and
mackerel, which are locally available and affordable (15). Notably, fish fermentation may be
classified into two types: salt-based fermentation and lactic fermentation. Salt-based
fermentation is the most commonly used method for producing fermented fish products. The
principal basic materials utilized are fish and salt, which initiate the fermentation process by
promoting the growth of lactic acid bacteria and other microorganisms in the fish. By
controlling moisture and temperature, these bacteria and microorganisms work to break
down the carbohydrates and proteins present in the fish, leading to a unique, tangy flavor
and texture (16).

Flavoring agents used may include tamarind, palm sugar, monosodium glutamate, and
additional flavors that vary depending on the specific producer's preference and target
market (17). For instance, producers catering to Asian markets may use a different blend of
flavorings compared to those targeting Western markets. Additionally, local preferences and
cultural traditions also play a significant role in determining the types of flavorings used.
Meanwhile, lactic fermentation involves the use of starter cultures, which are selected strains
of beneficial bacteria or fungi that are added to the fermentation mix to achieve consistent
and predictable results. The use of starter cultures can help standardize the fermentation
process and reduce the risk of contamination while also promoting even fermentation
throughout the fish (16). At the same time, the amount of added carbohydrates (such as
cooked rice, brine, millet, flour, and even syrup) and salt concentration primarily control the
extent of the end products. Fermented fish end products can be divided into three types (Fish
sauce, fish paste, and whole fish) depending on their forms. A list of fermented fish products
in Southeast Asia is presented in Table 1.
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Name of Products Type of Products Texture Country References
Budu Fish sauce Liquid Malaysia (18)
Nam-pla Fish sauce Liquid Thailand (19)
Bagoong Alamang Fish sauce Liquid Philippines (20)
Belacan Fish paste Solid Malaysia (10)
Kapi Fish paste Solid Thailand (21)
Terasi Fish paste Solid Indonesia (22)
Pekasam Whole fish Semi-solid Malaysia (10)
Peda Whole fish Semi-solid Indonesia (23)

Burong Isda Whole fish Semi-solid Philippines (20)

Fish sauce is a liquid condiment made from the fermented and processed flesh of fish,
typically small fish such as anchovies or sardines. It has a unique aroma, is dark brown or gray
in color, and has a strong salty taste. It is commonly used as food seasoning in cooking and
condiments in daily meals. Fish sauce production begins with whole fish being washed, rinsed,
and drained before being mixed with salt (11). Generally, an approximate ratio of 3:1 is used
in which three parts of fish are mixed with one part of salt. Consequently, it is placed or
packed into plastic jars or concrete tanks for large producers with lined layers of salt and left
to ferment for a period of time up to 18 months (24). Traditionally, the fermented fish is
usually weighed down with a bamboo mat, nylon net, or rocks to prevent the fish from
floating, and small holes are made to remove excessive water. After fermentation, the clear
aqueous product of prolonged salting fish fermentation, known as fish sauce, will be
produced. Subsequently, the fish sauce will be filtered to remove any solid residues and then
bottled before being sold in the market in liquid form (17). Nam-pla (Thailand), Patis
(Philippines), Kecap Ikan (Indonesia), and Budu (Malaysia) are some examples of fish sauce
products.

Fish paste is generally a condiment or flavor additive for rice dishes and is made by
reducing the water content of fish to produce puree. It has a pinkish or purplish gray to a dark
grayish brown color, depending on the coloring agent added during the making process. The
texture of fish paste comes in different forms depending on how long it was exposed to the
sun, which ranged from soft and pasty to dry and hard. In addition, it has a strong, pungent
smell compared to fish sauce but has a delicious taste. Fish paste is produced by washing,
rinsing and draining the raw material, which is small anchovies or plankton krill. Subsequently,
the anchovies are mixed with salt in a 5:1 ratio in which five parts of the anchovies are mixed
with one part of salt. After that, the salted anchovies are grounded until they become a fine
paste before sun-drying to reduce the moisture content. The mixture is stored in jars at
ambient temperature for approximately one month or until a typical aroma is developed (25).
After the fermentation process is completed, the colour of the mixture will change from pink
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to purplish brown with a hard and dry texture. The mixture will be formed according to the
desired shape prior to being placed in a plastic or glass jar. Belacan (Malaysia), Bagoong
Alamang (Philippines), Terasi (Indonesia), and Kapi (Thailand) are some examples of fish paste
products.

Fermented whole fish products are made by fermenting the fish either whole or with a
significant portion of its original form. The principle method to make fermented whole fish is
quite similar to other fermented fish products, which includes salting and drying. It consists
of two stages of the fermentation process. The first fermentation process of this product
begins with washing and cutting the fresh fish into small pieces. Correspondingly, the cleaned
fish is arranged in layers by utilizing a dried banana leaf as a divider in the container, and salt
is added during this process, known as the maturation phase.

The container is filled with saturated brine solution, and the salting process is allowed
for three days. The fish is cleaned with brine solution, placed in a bamboo container, and then
dusted with fine salt to eliminate excess salt (26). After the salting process, the fish remains
wet and stored in a container. Consequently, it is allowed to dry slowly, and then it naturally
undergoes the second fermentation process. During the second fermentation phase, the
container is stored at room temperature for one to two weeks, and the process continues for
two to three months. Examples of whole fish products include Peda (Indonesia), Pekasam
(Malaysia), Burong Isda (Philippines), and Pla-ra (Thailand). The fundamental process of
fermented fish products is displayed in (Figure 2) (15).

With Filtration : Fish
Sauce
Example: Nampla,
Budu & Patis
Anchovy/Shrimp/ . - Filtration
Fish Krill Mixediwith salt Process
Whole Fish Without Filtration :
Example: Pekasam, Fish Paste
Plaa-ra & peda Example: Terasi,
Belacan & Kapi

The characteristics of Southeast Asia fermented fish products were determined by their
pungent smell, which may be off-putting to some individuals (27). As the fermentation
process alters the texture of the fish, products often have a soft, chewy, or slimy consistency,
depending on how long they have been fermented. Fermented fish products are highly
nutritious due to increased protein levels and improved availability of vitamins and minerals
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from fermentation (28). These products have the additional benefit of extended shelf life,
making them an ideal food source for local communities that live far away from urban areas
(29). It is noteworthy that each Southeast Asian country has its unique approach to
fermenting fish products, resulting in different flavors and textures. In Southeast Asia,
fermented fish products may not be available to everyone. However, lovers of this cuisine
relish the distinctive tastes, textures, and nutritional value they bring to their meals.

The production of fermented fish products is categorized into traditional and modern
methods. Traditional and modern fermentation methods differ in many ways. Traditional
methods employ simple techniques and rely on natural environmental factors such as
temperature, humidity, and airborne microorganisms to initiate fermentation. At the same
time, modern methods utilize technology, chemicals, and controlled environmental
conditions to speed up the fermentation process (15). In traditional methods, the
fermentation vessel is usually made of clay or wood and placed in a natural environment like
a stable or a cave. Ingredients like yeast, salt, or lactic acid are added to the mix, and the
mixture is left to ferment at an ambient temperature for a specific duration. The fermented
food is then preserved in traditional ways like smoking, salting, or drying, depending on the
local tradition. This method is often slow, but it allows for the preservation of traditional
flavors and can produce unique and complex flavor profiles.

In contrast, modern fermentation methods use advanced technology like high-pressure
fermenters, temperature control, and artificial inoculation of microbial cultures (30).
Chemicals like antibiotics and preservatives may also be added to speed up and control the
fermentation process. This results in more consistent and predictable results, which is
essential in commercial production settings (6). However, there is still a significant demand
for traditional fermented foods due to their unique textures and flavors. Moreover,
traditional methods are deemed sustainable, environmentally friendly, and safe, as the
natural fermentation process inhibits the growth of harmful microorganisms. Summing it up,
while modern fermentation methods provide more controlled and predictable results, they
tend to produce uniform and less complex flavors. At the same time, traditional fermentation
methods employ natural variables that can result in varied and complex flavors that are much
loved by many cultures worldwide.

Nutritional quality refers to the amount and variety of essential nutrients in a particular
food item or product. It includes the presence of macronutrients such as carbohydrates,
proteins, and fats, as well as micronutrients such as vitamins and minerals necessary for
proper growth, development, and overall health (12). When considering the nutritional
quality of fermented fish products, examining the concentration of essential nutrients and
any potential risks associated with consuming these products is crucial. Overall, fermented
fish products can be a good source of essential nutrients. Hence, it is vital to include them as
part of a balanced diet that incorporates various other nutrient-rich foods.

Proximate analysis of fermented fish (Table 2) separated into its basic components, such
as moisture, protein, fat, ash, pH, and carbohydrates (25,31,32). The moisture content of fish
sauce ranges from 62.86% to 71.87%. Kecap lkan has the highest moisture content, while
Nam-pla has the lowest. In contrast, the moisture content of fish pastes ranges from 32.16%
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to 67.44%. The moisture content of fish sauce was expected to be high since it was a liquid
product. Fish paste was classified as an intermediate moisture food since it lost most water
content during sun-drying. Note that several studies stated that the moisture contents varied
based on the type of fish used and the treatment of samples or the processing method used
in order to get the final products (4,33).

Parameter/Sample Moisture Ash Protein Fat Carbohydrate pH
Fish Sauce
Nam-pla 62.86 - 1.60 - - 5.30
Budu 68.50 16.68 12.21 0.41 0.07 5.17
Kecap lkan 71.87 23.50 1.60 0.50 1.50 5.42
Patis 66.20 22.50 5.35 0.31 3.60 5.10
Fish Paste
Kapi 33.93 32.94 26.20 3.91 2.57 7.16
Belacan 32.16 56.15 31.83 1.01 11.01 7.31
Terasi 40.64 29.12 30.47 3.52 1.94 7.53
B. Alamang 61.67 22.82 21.89 5.13 1.33 5.21
Whole Fish
Pla-ra 62.39 - 18.94 2.17 - 5.20
Pekasam 67.44 43.97 34.22 2.38 19.43 496
Peda 46.85 16.90 28.12 1.37 17.46 6.00
Burong Isda 54.29 - 25.10 1.78 14.92 5.78

Several studies have discovered that fermentation typically leads to an increase in the
moisture content of fermented fish over time. This rise in moisture is attributed to the
absorption of water from the surroundings and the emission of volatile substances resulting
from fermentation reactions within the fish (4). Thus, the moisture content of the products is
usually high. However, the differences among them might be due to their water activity (Aw)
(34). Conversely, certain research also highlighted the reduction in moisture content in fish
following fermentation, which occurs due to the osmotic movement of salt and water. As salt
and water are drawn out of the fish during fermentation, moisture levels decrease (4,25). A
study by Sripokar et al. (25) has reported that the water activity of fermented fish products is
correlated with its moisture content, in which this water activity is reduced by salt migration
and equilibration of soluble components. Notably, the high salt concentration in fermented
food reduces water activity and provides an advantage as a bacteriostatic for spoilage
microorganisms, creating unfavorable conditions for microbial activity (34-36). Protein
hydrolysis also may impact the moisture content since it may increase the solid matter in
semi-liquid products such as Budu (37).

The determination of ash content is to identify the level of mineral contents present in
a product that is not destroyed by high temperature (38). A previous study of fish sauce
demonstrated patis with 22.50%, Kecap lkan with 23.50%, and Budu with 16.68% of ash
content value. No recent studies have reported the ash content value for Nam-pla, and it was
expected to have low ash content since its raw material is anchovies. According to Herlina
and Setiarto, (2024) (22), fermented food that uses shrimp as raw material will have high ash
content due to the presence of inorganic substances in the shrimp shell. Thus, fermented fish
products such as Belacan and Cincalok have higher ash content since shrimp itself is abundant
in mineral content. Both Belacan, with 56.15%, and Cincalok, with 43.97% ash value, do not
comply with the Malaysian Food Act 1983 (Act 1981) and Regulations (1985) since they
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exceed the value suggested by the law. In contrast, the ash value for Belacan and Cincalok
should not be more than 30% and 15%, respectively. It was proposed that other fish paste
and fermented fish products provided in (Table 2) above have lower mineral content since
their ash content value is low.

Proteolytic enzymes produced during fermentation may decrease the protein content
in fermented food. As Sharma et al. (35) suggested, fermented food has low protein content
compared to fresh material due to the microorganism activity during the fermentation
process. Fish paste has a higher protein content, ranging from 21.89% to 31.83%, compared
to fish sauce (1.60%-12.21%) and fermented fish products (18.94%-34.22%). The reported
protein content varied for different products, which may be due to the concentration of salt
added and the period of fermentation (39). This explains the low protein content value of
Nam-pla and Kecap lkan, which extend their fermentation up to 18 months and cause
rigorous degradation of proteins. Note that the fat content of fermented fish products varies
depending on the raw material and the processing method used.

This previous study explains the high amount of fat content in fermented shrimp and
shrimp paste products compared to fish sauce and fermented fish products, as stated in
(Table 2) above. According to Sripokar et al. (25), the polyunsaturated fatty acid content in
the shrimp contributed to high-fat content. Despite shrimp being used as raw material, some
products, such as Belacan, have the lowest fat content compared to Bagoong Alamang, Kapi,
Terasi, and Cincalok. This condition was explained by the processing method used by those
products, whereas Bagoong Alamang roasted the shrimp, and Kapi and Terasi dried the
shrimp in the oven before fermenting, which extracts the shrimp oil with a huge amount of
fatty acid. Pla-ra has the highest amount of fat content compared to other products that use
fish as raw material.

On the other hand, Yuvaraj et al. (37) have reported that the difference in the fat
content of the product might be due to certain factors such as the quality of the fish species,
season, and collection sites that reflect its fat value. Carbohydrates have several key functions
in the human body, such as providing daily energy and being the primary fuel source for the
brain. The carbohydrate content in fermented fish products is higher than in fish sauce and
fish paste due to the addition of cooked rice rich in carbohydrates. Furthermore, these
ingredients provide various carbon sources that are deliberately added to increase yield and
reduce unit cost due to the optimization of hydrolytic enzymes (40). As stated in Table 2
above, Cincalok has a higher carbohydrate content with a 19.43% carbohydrate value, and
Budu has the lowest carbohydrate content with 0.07%.

Even though the carbohydrate content in Budu was small, it was still useful in providing
great flavors and aroma for the product. Theoretically, fermented fish is acidic, indicating its
pH value is low, and the fermentation process might produce inorganic compounds such as
lactic acid, acetic acid, and propionic acid (35). Moreover, the fermentation process generates
ammonia, which could also lower the pH value (25). From Table 3, we can observe that the
fermented fish products have a lower pH value, ranging from 4.96 to 6.00, attributed to
adding rice. This stimulates microbial activity, and the production of this product itself uses
lactic acid fermentation in its manufacturing process. Fish sauce products are less acidic than
fermented fish products, ranging from 5.10 to 5.42. Fish paste is considered higher in pH value
since it ranges from 5.21 to 7.53. According to llyanie et al. (41), the high pH of fish paste
products is due to its main ingredient, shrimp and salts. However, pH changes may have
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occurred due to the methods used to manufacture fermented products. Moreover, common
microorganisms such as yeast and mold were usually isolated during the fermentation
process and were considered as factors of the pH change.

The amino acid composition of different fermented fish products has been provided in
(Table 3). Amino acids are organic compounds composed of nitrogen, carbon, hydrogen, and
oxygen, with a variable side chain group. Based on previous studies, fewer researchers have
studied the amino acid composition of fermented fish products except for Nam-pla, Kecap
lkan, Budu, Terasi, and Kapi. According to data from previous studies, Nam-pla has the highest
total amount of amino acid, at 16960.60 mg/g, while Kapi has the lowest, at 24.39 mg/g. The
amount of its essential amino acid was 3799.80 mg/g for Nam-pla and 9.71 mg/g for Kapi.
The amount of essential amino acids (His, Arg, Thr, Lys, Met, Val, Iso, Leu, Phe, Try) is relatively
higher than non-essential amino acids (Ser, Gly, Val, Leu, Asp, Glu, Ala, Pro, Cys, Tyr, Asp, Cys,
Glu) both in the Nam-pla and Terasi. Meanwhile, for Budu, Kecap lkan, and Kapi, the non-
essential amino acid is higher than its essential amino acid.

Essential amino acids are beneficial in various processes, such as building muscle and
regulating the immune function of the human body. Meanwhile, non-essential amino acids
are considered essential only under specific circumstances, such as illness or stress. The
essential amino acid profile of fermented fish products was dominated by Lys, while non-
essential amino acids were dominated by Glu. Note that alanine and glutamic acid
contributed to the unique characteristic of umami and savory taste. Amino acids are produced
from the enzyme reaction and the action of halotolerant microorganisms, which hydrolyze
fish protein into amino acids, peptides, and ammonia (42). The differences in amino acid
composition among fermented fish products might be due to the raw material used. Products
that use the same raw material may be affected by the fish species and the source of the fish
itself.

The chemical score, amino acid score, and essential amino acid index were calculated
and presented in (Table 3) below. A complete amino acid composition was required in order
to calculate the chemical-based measures of the protein quality and nutritional value of
fermented fish products. The chemical score is limiting amino acid in the samples, which has
the lowest value compared to the average of other essential amino acids. The result reveals
that the limiting chemical score in fermented fish products, which are Nam-pla, Budu, and
Kecap lkan, is the amino acid Trp. The value of the amino acid score determines the adequacy
of essential amino acids in food products consumed daily. Amino acid Trp exhibits the lowest
amino acid score; hence, Trp from fermented fish products (Nam-pla, Budu, and Kecap lkan)
is insufficient for the human body. It must be obtained by consuming other protein-rich foods,
such as protein from cereal and milk, or combining two or more protein sources in the diet,
which is often used as an effective way to fulfill human diet requirements.

However, fermented fish products can be eaten with other sources of food that have
higher Trp to sum up their lackness (42,43). Protein digestibility and PDCAAS were determined
to predict the digestibility amount of protein. The high value of protein digestibility indicates
that more protein could be digested in the human intestines. The fermentation process has
improved the digestibility of food due to the partial degradation of complex protein into more
simple and soluble products. Furthermore, the increase of proteolytic enzymes during
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fermentation has consequently promoted protein breakdown into smaller peptides easily
digested by enzymes (44). Nam-pla, Budu, and Kecap lkan have lower protein digestibility
values, possibly due to stroma protein in fish meat that reduces their percentage of protein
digestibility.

Amino acid (mg/g) Nam-pla Budu Kecap lkan Kapi Terasi
Alanine 644.70 5.70 60.00 2.57 16.30
Arginine 157.70 1.70 26.00 1.69 19.87
Aspartic acid 932.30 8.20 40.70 2.99 32.27
Cysteine 47.50 0.60 0.00 0.06 3.17
Glutamic acid 1449.70 17.4 128.50 0.25 40.14
Glycine 558.20 5.10 20.00 0.00 12.97
Histidine 392.20 3.10 10.20 0.46 21.33
Isoleucine 310.80 4.60 61.00 1.45 15.61
Leucine 388.30 7.10 92.70 2.58 22.55
Lysine 943.20 7.50 48.50 2.23 29.49
Methionine 209.70 3.00 4.50 0.55 9.17
Phenylalanine 904.70 3.80 42.00 1.49 11.03
Proline 395.70 3.50 51.30 3.45 10.30
Serine 407.20 3.20 8.70 0.60 12.50
Threonine 606.70 4.60 9.00 0.00 13.09
Tryptophan 77.20 1.00 0.00 0.00 4.46
Tyrosine 87.50 3.20 26.50 1.19 14.95
Valine 567.00 5.50 78.20 141 28.56
> Essential 3799.80 40.80 346.10 9.71 175.16
> Non-essential 13160.80 48.00 361.70 14.68 147.42
> Amino acid 16960.60 88.80 707.80 24.39 322.58
Chemical score 4.22 5.88 0.00 - -
AA Score 5.88 9.09 0.00 - -
EAA Index 732 8.56 0.56 - -
Protein Digestibility (%) 66.26 67.29 66.51 - -
PDCAAS (%) 100 9.80 10.70 - -

Fatty acids are a fat or lipid main component comprising hydrocarbon chains
terminating with carboxylic acid groups. The amount of fatty acid in food is correlated with
its fat content, but it comes with more specific information. Essential fatty acids are needed
by the human body. However, they cannot be produced naturally in sufficient amounts to
meet physiological needs due to the absence of the required enzymes. Therefore, they must
be obtained by proper diet intake. An omega-3 and omega-6 fatty acids are essential fatty
acids that can be obtained by eating fish and its products, such as fish oil (45). As mentioned
previously, fish is a main food source rich in omega-3 fatty acids. Consumption of omega-3
fatty acids may reduce inflammation throughout the body.

Inflammation in the body can damage the blood vessels and lead to heart disease and
strokes. Fermented fish, as one of the fish products, may also be a good source of omega-3
fatty acids (45). However, studies investigating fatty acid compositions in fermented fish
products worldwide are limited. Each of those studies produced different results without any
common consistency. Despite the fact that minimal research has been conducted regarding
fatty acids content in fermented fish, the presence of omega-3 fatty acids in fermented fish
products cannot be denied. As a naturally hydrolyzed product, the omega-3 content is high in

104



Canrea Journal: Food Technology, Nutritions, and Culinary, 2024; 7 (2): 94-112

fish sauce. This is especially true for anchovies in fish sauce, which abound in omega-3 fatty
acids (45). However, the presence of omega-3 fatty acids cannot explain the different values
in unsaturated and saturated fatty acids. Therefore, thorough investigations are required to
obtain more information about the contradictions of fatty acid composition.

Minerals are one of the nutrients needed in the human body, also known as essential
minerals that help bones, muscles, heart, and brain work properly. Minerals are also crucial
for making enzymes and hormones. Essential minerals can be divided into major minerals
(macrominerals) and trace minerals (microminerals). These two groups of minerals are
equally essential in maintaining a healthy body. However, micro minerals are only required in
smaller amounts than macro minerals. The mineral composition of fermented fish has been
stated in (Table 4) based on several studies by previous researchers. The information about
fermented fish has been summarized into three categories: fish sauce, fish paste, and whole
fish since the information or current study about each mineral composition of fermented fish
products is low. Moreover, a study made by Narzary et al. (2021) (5) has proved that
fermented fish increases the nutritional value of fresh fish, including its mineral composition
compared to fresh fish.

Fish paste has high Calcium (Ca) and Phosphorus (P) content, with 115.7 mg and 18.8
mg. Fish sauce and whole fish with 7.7 mg, 1.3 mg and 28.9 mg, 26.4 mg, respectively. The
amount of Ca and P was attributed to the decomposition of fish bone and other structures by
bacteria lactic acid in the fermented process (46). Ca is vital in nerve functioning, blood
pressure regulation, and immune system health. Both Ca and P are essential for healthy bones
and teeth. Magnesium (Mg) is discovered naturally in many different foods, including
fermented fish products. Notably, fish paste has a high Mg value of 470.8 mg, followed by fish
sauce at 31.5 mg and whole fish at 15.9 mg. In addition, Mg helps maintain the proper level
of other minerals such as Ca, P, and Zinc to ensure they are well-functioning.

Mineral Fish sauce Fish paste Whole fish

Macro Mineral

Ca (mg) 7.7 115.7 28.9
P (mg) 13 18.8 26.4
Mg (mg) 31.5 470.8 15.9
Na (mg) 1389.6 2766.8 855.9
K (mg) 51.8 774.7 163.9
Micro Mineral

Fe (mg) 8.7 2.1 0.6
Cu (mg) 0.1 0.1 0.1

I (mg) 0.0 0.0 0.0
Zn (mg) 0.4 0.5 0.5
Selenium (mg) 1.6 24.5 18.3

All fermented fish products have the highest amount of Sodium (Na) compared to other
minerals since salt is mixed in their manufacturing process (48). The main source of Na is salt,
which is used as a condiment and inhibits microbial activity in the fermentation process. Na
is needed for proper fluid balance, nerve transmission, and muscle contraction (49). However,
high Na consumption and low potassium intake will contribute to high blood pressure and
heart disease. A small amount of micromineral is recorded for fermented fish products, and
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no presence of hazardous minerals and heavy metals was detected. Note that heavy metals
such as Aluminium, Arsenic, and Cadmium are very dangerous to the human body. Even in
tiny amounts, these minerals would lead to nerve dysfunction and memory loss, a weakened
immune system, and even kidney damage.

In addition to preventing food contamination, fermented fish products are essential in
human nutrition and cannot be produced in the human body (5). To stay fit and healthy,
humans must consume several foods high in peptides, vital amino acids, and other
nitrogenous chemicals, like fermented fish products. Fish products improve their nutritional
value through their activity during fermentation, and microorganisms and enzymes are
responsible for creating these beneficial chemicals that help maintain good health.

Furthermore, these products contain a variety of vitamins and minerals. Aqueous
soluble present in fish sauce include vitamin A, vitamin B1 (thiamine), vitamin B2 (riboflavin),
vitamin B6 (pyridoxine), and niacin. Fish products are also enriched with minerals such as
Manganese (Mn), Ca, Mg, P, Na, and Iron (Fe). Peptides and amino acids, which arise naturally
during the fermentation of salted fisheries products, are recognized as antioxidants and play
a significant function as flavor and aroma enhancers. According to Nikoo et al. (2023) (50),
fermented fish flesh protein hydrolyses include hydrophobic amino acids with significant free
radical-scavenging activity. They can protect against oxidation by giving protons to free
radicals.

The antioxidant properties of fermented fish are beneficial in reducing certain cancers
by preventing or reducing oxidative damage. The activation of apoptosis in a human
lymphoma cell line by peptide fractions extracted from the anchovy sauce of Budu and Nam-
pla had an anticarcinogenic effect. It demonstrated potential in preventing cancer (11). Many
fermented fish products have antioxidant properties, such as fermented blue mussels, fish
sauces, and fermented fish shrimp. At the same time, biogenic amines are abundant in fish
products and are mostly produced through microbial decarboxylation of amino acids (35).
Since biogenic amines are nitrogen sources and can create hormones, nucleic acids, alkaloids,
and proteins, they are critical to human health. Furthermore, they can govern activities in the
human system, such as body temperature regulation, blood pressure increases or decreases,
and nutrition intake (12). Thus, fermented fish is considered one of the protein sources for
the human body that provides many health benefits to stay healthy by following individual
nutritional needs.

Overall, research has proven that consuming fermented fish products may have various
health benefits. For example, the high omega-3 fatty acid content of fermented fish products
has been linked to improved cardiovascular health, including reducing the risk of heart
disease and stroke (13). Fermented fish products also contain beneficial
microorganisms that can improve gut health, aid digestion, and boost the immune system
(14). Additionally, research has proven that fermented fish products contain bioactive
compounds that have anti-cancer properties (51).

Fermentation is a natural process that increases the shelf life and enhances the flavor
of these products. However, it is crucial to understand the potential risks associated with
consuming fermented fish products and take necessary precautions to avoid foodborne
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ilinesses. One risk associated with fermented fish products is the presence of histamine. Note
that histamine is a biogenic amine produced during fermentation and can accumulate in high
levels in some products (52). Histamine production in fish fermentation occurs when bacteria
from the Enterobacteriaceae family, such as Klebsiella, Enterobacter, and Citrobacter, convert
free histidine (an amino acid found naturally in fish) into histamine (53). This can occur during
fish storage, especially when the temperature is not adequately controlled. In traditional fish
fermentation processes, fish is often stored at ambient temperatures, which can allow
bacterial growth and histamine production.

The bacterial growth is mainly due to the salt present in the fermentation process, which
inhibits other microorganisms while encouraging the growth of histamine-producing bacteria
(54). Consumption of fish products with high levels of histamine (more than 100 mg/day) can
cause scombroid poisoning, which can lead to symptoms such as headache, nausea, vomiting,
and skin irritation. Note that histamine production can be reduced by controlling the
fermentation process, specifically the temperature, time of fermentation, and the addition of
bacterial growth inhibitors (53). One effective method is hygienically handling high-quality
raw fish, preventing bacterial contamination. To decrease the risk of scombroid poisoning,
individuals must consume fermented fish products that have been properly stored and
refrigerated below 4°C (55).

Another potential risk is the presence of Clostridium botulinum, a bacterium that grows
in anaerobic conditions and can produce toxins that can lead to botulism. The fermentation
process of fish products can create an environment for C. botulinum to grow. To reduce the
risk of botulism, individuals must ensure that fermented fish products are made using fresh
ingredients, properly cooked, and stored at an appropriate temperature (56). In addition,
precautions must also be taken to prevent cross-contamination between raw and fermented
fish products. Fish, especially raw fish, can contain harmful bacteria such as Vibrio
parahaemolyticus and Salmonella. Moreover, individuals must ensure that raw fish products
are thoroughly cleaned and cooked before being used in fermented fish products. Individuals
must also use separate utensils and cutting boards for raw and fermented fish products to
avoid cross-contamination (57).

Another precaution to consider is avoiding homemade fermented fish products unless
following a reliable and safe recipe. Homemade products may not undergo the necessary
quality control and safety measures as commercial products, increasing the risk of
contamination (55). In accordance with the Malaysian Food Regulations 1985, which falls
under the Food Act 1983, and standard food safety practices, to ensure the safety of a
fermented fish product, the manufacturer must adhere to public health control measures,
utilize permissible food additives, label clearly, maintain microbiological standards, utilize
appropriate packaging material, and undergo routine inspections and audits by the health
authorities. In conclusion, fermented fish products can provide a unique taste experience and
nutritional value. However, it is crucial to take precautions to avoid potential risks. These
precautions include consuming properly stored and refrigerated products, using fresh
ingredients, avoiding cross-contamination, and avoiding homemade products unless
following reliable and safe recipes. Accordingly, by practicing these precautions, individuals
can safely enjoy the many benefits of fermented fish products while minimizing the risk of
foodborne illnesses.
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Fermented fish are produced in different ways around the Southeast Asian region,
mostly influenced by culture and followed by their ancestors who passed to them. The same
country may also have different processing methods that produce the authentic flavor and
savory taste of their own fermented product, representing their region. Fermented fish can
be produced by lactic acid fermentation, the final product of which is much better than
spontaneous fermentation. Lactic acid fermentation products can be prepared in a shorter
time. Hence, a lower cost is required than fermented fish products, which depend primarily
on autolytic processes. The salt concentration, species of raw material, and methods used to
manufacture fermented fish impact their nutritional quality. In addition, the fermentation
period also is one of the factors. Note that longer fermentation could create tastier products
and enhance their nutritional value through microbial activity during fermentation. At the
same time, microorganisms play an essential role in producing high-quality fermented fish
due to their particular metabolic features that help make healthier and safer fermented fish
products. Fermented fish has high nutritional quality and is rich in protein, minerals, amino
acids, and omega-3 and omega-6 fatty acids, which is good for human health. Despite the fact
that fermented fish are always issued with high concentrations of salt, we cannot deny that
fermented fish are also good at preventing hypertension and heart disease. The fermented
fish and fish products have great potential in developing novel fish products with improved
food safety, nutritional value, and health benefits.

The demand for fermented fish is increasing worldwide. Hence, new technology needs
to be introduced in order to fulfil the market needs while maintaining the quality of the
products produced. Therefore, additional studies are required to get more information about
fermented fish in Southeast Asia, especially in the Philippines, where there are few scientific
studies about their fermented fish products. Explanations about amino and fatty acids need
to be more detailed and precise to ensure the next researcher can understand their features.
Thus, future research studies should focus on elucidating the mechanisms by which
microorganisms influence the quality of fermented fish. This is crucial for ensuring the high
demand for these products domestically and internationally.

The authors gratefully acknowledge Universiti Malaysia Sabah for its academic support
through the SGA0114-2019 research grant, as well as the technical assistance provided by the
staff of the Faculty of Food Science and Nutrition, Universiti Malaysia Sabah during the
completion of this work.

M.B.A; Formal analysis, writing original draft preparation. N.B.J., N.H, J.B.R and
A.H.B.M.S.; Conceptualization, methodology, funding acquisition, writing review and editing.
F.C.N and Y.; Writing review and editing.

108



Canrea Journal: Food Technology, Nutritions, and Culinary, 2024; 7 (2): 94-112

This work was supported by the Research Acculturation Grant Scheme - Nutritional

Quality of Selected Southeast Asia Fermented Fish Products [SGA0114-2019] and APC was
funded by Skim Dana Penerbitan Artikel (SDPA), Universiti Malaysia Sabah.

The author claimed no conflict of interest.

10.

11.

12.

Zang J, Xu Y, Xia W, Regenstein JM. Quality, functionality, and microbiology of
fermented fish: a review. Crit Rev Food Sci Nutr [Internet]. 2020 Apr 11;60(7):1228-42.
Available from: https://doi.org/10.1080/10408398.2019.1565491

Wang H, Qiu Y, Chen S, Zhao Y, Wu Y, Wang Y. Whole-genome sequencing of a
protease-producing strain isolated from fermented golden pompano and molecular
docking of the protease to fish proteins. Food Biosci [Internet]. 2024;57:103598.
Available from:
https://www.sciencedirect.com/science/article/pii/S2212429224000282

Tamang JP, Cotter PD, Endo A, Han NS, Kort R, Liu SQ, et al. Fermented foods in a global
age: East meets West. Compr Rev Food Sci Food Saf. 2020;19(1):184-217.

Chan SXY, Fitri N, Mio Asni NS, Sayuti NH, Azlan UK, Qadi WSM, et al. A Comprehensive
Review with Future Insights on the Processing and Safety of Fermented Fish and the
Associated Changes. Foods [Internet]. 2023;12(3). Available  from:
https://www.mdpi.com/2304-8158/12/3/558

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 Ethn Foods [Internet]. 2021;8(1):33. Available
from: https://doi.org/10.1186/s42779-021-00109-0

Lewin A. Real Food Fermentation, Revised and Expanded: Preserving Whole Fresh Food
with Live Cultures in Your Home Kitchen. Quarry Books; 2022.

Tahiluddin AB, Maribao IP, Amlani MQ, Sarri JH. A review on spoilage microorganisms
in fresh and processed aquatic food products. Food Bull. 2022;1(1):21-36.

Chalchisa T. An Overview of Fermented Fish Products. Fish Aquac J [Internet].
2022;13(2):1-2. Available from: https://www.longdom.org/open-access/an-overview-
of-fermented-fish-products.pdf

JB & Renée. Will Fly for Food. 2023. Thai Food: 45 Traditional Dishes to Look For in
Thailand.

Khudair AJD, Zaini NSM, Jaafar AH, Meor AS. Production, organoleptic, and biological
activities of Belacan (shrimp paste) and Pekasam (fermented freshwater fish), the
ethnic food from the Malay Archipelago. Sains Malaysiana. 2023;52(4):1217-30.

Han J, Kong T, Wang Q, Jiang J, Zhou Q, Li P, et al. Regulation of microbial metabolism
on the formation of characteristic flavor and quality formation in the traditional fish
sauce during fermentation: a review. Crit Rev Food Sci Nutr [Internet]. 2023 Oct
3;63(25):7564-83. Available from: https://doi.org/10.1080/10408398.2022.2047884
Farinon B, Molinari R, Costantini L, Merendino N. The Seed of Industrial Hemp
(Cannabis sativa L.): Nutritional Quality and Potential Functionality for Human Health
and Nutrition. Vol. 12, Nutrients. 2020.

109



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Canrea Journal: Food Technology, Nutritions, and Culinary, 2024; 7 (2): 94-112

Elagizi A, Lavie CJ, O’Keefe E, Marshall K, O’Keefe JH, Milani R V. An Update on Omega-
3 Polyunsaturated Fatty Acids and Cardiovascular Health. Vol. 13, Nutrients. 2021.
Soemarie YB, Milanda T, Barliana MI. Fermented Foods as Probiotics: A Review. J Adv
Pharm Technol Res [Internet]. 2021;12(4). Available from:
https://journals.lww.com/japtr/fulltext/2021/12040/fermented_foods_as_probiotics
__a_review.4.aspx

Marti-Quijal FJ, Remize F, Meca G, Ferrer E, Ruiz MJ, Barba FJ. Fermentation in fish and
by-products processing: an overview of current research and future prospects. Curr
Opin Food Sci [Internet]. 2020;31:9-16. Available from:
https://www.sciencedirect.com/science/article/pii/S2214799319300219

Sionek B, Szydtowska A, Kiglkgdz K, Kotozyn-Krajewska D. Traditional and New
Microorganisms in Lactic Acid Fermentation of Food. Vol. 9, Fermentation. 2023.
Hakimi S, Ismail MN, Ayub MNA, Ahmad F. A review on fish sauce processing, free
amino acids and peptides with sensory properties. Food Res. 2022;6(5):33-47.

Osei Tutu C, Amissah JGN, Amissah JN, Akonor PT, Budu AS, Saalia FK. Physical,
chemical, and rheological properties of flour from accessions of Frafra potato
(Solenostemon rotundifolius). J Agric Food Res [Internet]. 2024;15:100974. Available
from: https://www.sciencedirect.com/science/article/pii/S2666154324000115

Asadi SZ, Khan MA, Chamarthy RV. Development and quality evaluation of cookies
supplemented with concentrated fiber powder from chiku (Manilkara zapota L.). J Food
Sci Technol [Internet]. 2021;58(5):1839-47. Available from:
https://doi.org/10.1007/s13197-020-04695-w

Surya R, Nugroho D, Kamal N, Petsong K. Characteristics of Indonesian traditional
fermented seafood paste (terasi) made from shrimp and anchovy. J Ethn Foods
[Internet]. 2024;11(1):2. Available from: https://doi.org/10.1186/s42779-023-00218-y
Kittibunchakul S, Whanmek K, Santivarangkna C. Physicochemical, microbiological and
nutritional quality of fermented cricket (Acheta domesticus) paste. LWT [Internet].
2023;189:115444. Available from:
https://www.sciencedirect.com/science/article/pii/S002364382301023X

Herlina VT, Setiarto RHB. Terasi, exploring the Indonesian ethnic fermented shrimp
paste. J Ethn Foods [Internet]. 2024;11(1):7. Available from:
https://doi.org/10.1186/s42779-024-00222-w

Nong, R. A., & Hariri A. Assessing the safety culture in Makassar City gas station: A
preliminary study. J Phys Conf Ser 1944. 2021;012041.

LeGrand K, Borarin B, Young GM. Tradition and Fermentation Science of prohok, an
ethnic fermented fish product of Cambodia. J Ethn Foods [Internet]. 2020;7(1):12.
Available from: https://doi.org/10.1186/s42779-019-0027-1

Sripokar P, Klomklao S, Zhang Y, Hansen EB, Maneerat S, Panyo J. Thai traditional
fermented fish paste Ka-pi-plaa: Chemical compositions and physical properties. J Food
Process Preserv. 2022;46(5):e16610.

Kusmarwati A, Hizamah U, Wibowo S. Microbiological and chemical quality of a
traditional salted-fermented fish (peda) product of Banten, Indonesia using
Leuconostoc mesenteroides ssp. Cremonis BN12 as starter culture. IOP Conf Ser Earth
Environ Sci [Internet]. 2020;462(1):12020. Available from:
https://dx.doi.org/10.1088/1755-1315/462/1/012020

Syahriati, Nur Fitriani UA, Yusuf M, Saleh R, Luthfiah, Sumarni. Chao Teri: The

110



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Canrea Journal: Food Technology, Nutritions, and Culinary, 2024; 7 (2): 94-112

Traditional Fish Fermentation from South Sulawesi, Indonesia. IOP Conf Ser Earth
Environ Sci [Internet]. 2022;1097(1):12070. Available from:
https://dx.doi.org/10.1088/1755-1315/1097/1/012070

An Y, Cai X, Cong L, Hu Y, Liu R, Xiong S, et al. Quality Improvement of Zhayu, a
Fermented Fish Product in China: Effects of Inoculated Fermentation with Three Kinds
of Lactic Acid Bacteria. Vol. 11, Foods. 2022.

Materia VC, Linnemann AR, Smid EJ, Schoustra SE. Contribution of traditional
fermented foods to food systems transformation: value addition and inclusive
entrepreneurship. Food Secur [Internet]. 2021;13(5):1163-77. Available from:
https://doi.org/10.1007/s12571-021-01185-5

Belleggia L, Osimani A. Fermented fish and fermented fish-based products, an ever-
growing source of microbial diversity: A literature review. Food Res Int [Internet].
2023;172:113112. Available from:
https://www.sciencedirect.com/science/article/pii/S0963996923006579

Oujifard A, Benjakul S, Nirmal NP, Bashirzadeh S. Chemical, Nutritional, Microbial, and
Sensory Characteristic of Fish Sauce Suragh from Hormozgan, Iran. J Aquat Food Prod
Technol [Internet]. 2021 Feb 7;30(2):140-50. Available from:
https://doi.org/10.1080/10498850.2020.1866727

Syandri H, Azrita A, Mardiah A, Aryani N, Diharmi A. The proximate composition, amino
acid profile, fatty acid content, and mineral content of scale flour from three fish
species as potential feeds for fish fry. FL0O00Research. 2023;12:1-19.

Fitri N, Chan SX, Che Lah NH, Jam FA, Misnan NM, Kamal N, et al. A Comprehensive
Review on the Processing of Dried Fish and the Associated Chemical and Nutritional
Changes. Vol. 11, Foods. 2022.

Tapia MS, Alzamora SM, Chirife J. Effects of water activity (aw) on microbial stability as
a hurdle in food preservation. Water Act foods Fundam Appl. 2020;323-55.

Sharma R, Garg P, Kumar P, Bhatia SK, Kulshrestha S. Microbial Fermentation and Its
Role in Quality Improvement of Fermented Foods. Vol. 6, Fermentation. 2020.

Riaz S, Kabir A, Haroon A, Ali A, Manzoor MF. Food Dehydration Recent Advances and
Approaches. In: Jovanovic ID, editor. Rijeka: IntechOpen; 2022. p. Ch. 2. Available from:
https://doi.org/10.5772/intechopen.108649

Dinakarkumar Y, Krishnamoorthy S, Margavelu G, Ramakrishnan G, Chandran M.
Production and characterization of fish protein hydrolysate: Effective utilization of
trawl by-catch. Food Chem Adv [Internet]. 2022;1:100138. Available from:
https://www.sciencedirect.com/science/article/pii/S2772753X22001265

Ibourki M, Hallouch O, Devkota K, Guillaume D, Hirich A, Gharby S. Elemental analysis
in food: An overview. J Food Compos Anal [Internet]. 2023;120:105330. Available from:
https://www.sciencedirect.com/science/article/pii/S0889157523002041

Liang H, He Z, Wang X, Song G, Chen H, Lin X, et al. Effects of salt concentration on
microbial diversity and volatile compounds during suancai fermentation. Food
Microbiol [Internet]. 2020;91:103537. Available from:
https://www.sciencedirect.com/science/article/pii/S074000202030126X

Feng L, Tang N, Liu R, Gong M, Wang Z, Guo Y, et al. The relationship between flavor
formation, lipid metabolism, and microorganisms in fermented fish products. Food
Funct [Internet]. 2021;12(13):5685-702. Available from:
http://dx.doi.org/10.1039/D1FO00692D

111



41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Canrea Journal: Food Technology, Nutritions, and Culinary, 2024; 7 (2): 94-112

llyanie Hy, Huda-Faujan N, Ida Muryany My. Comparative Proximate Composition of
Malaysian Fermented Shrimp Products. Malaysian Appl Biol [Internet]. 2020 Oct
25;49(3 SE-Research Articles):139-44. Available from:
https://jms.mabjournal.com/index.php/mab/article/view/1557

Sivamaruthi BS, Kesika P, Chaiyasut C. A narrative review on biogenic amines in
fermented fish and meat products. J Food Sci Technol [Internet]. 2021;58(5):1623—-39.
Available from: https://doi.org/10.1007/s13197-020-04686-x

Kari NM, Ahmad F, Ayub MNA. Proximate composition, amino acid composition and
food product application of anchovy: a review. Food Res. 2022;6(4):16—29.

Wan ACA, Tai BCU, Du C. Food security and nutrition- a systematic approach. Trends
Food Sci Technol [Internet]. 2021;109:738-45. Available from:
https://www.sciencedirect.com/science/article/pii/S0924224420307445

Kannan N, Rao AS, Nair A. Microbial production of omega-3 fatty acids: an overview. J
Appl Microbiol [Internet]. 2021 Nov 1;131(5):2114-30. Available from:
https://doi.org/10.1111/jam.15034

MengJ, WangY, Cao J, Teng W, Wang J, Zhang Y. Study on the Changes of Bone Calcium
during the Fermentation of Bone Powders with Different Fermenters. Vol. 13, Foods.
2024.

United States Department of Agriculture. Basic Report: Fish paste. National Nutrient
Database for Standard Reference Legacy Release. [Internet]. 2021. Available from:
https://ndb.nal.usda.gov

Lall SP, Kaushik SJ. Nutrition and Metabolism of Minerals in Fish. Vol. 11, Animals. 2021.
Bernal A, Zafra MA, Simén MJ, Mahia J. Sodium Homeostasis, a Balance Necessary for
Life. Vol. 15, Nutrients. 2023.

Nikoo M, Regenstein JM, Yasemi M. Protein Hydrolysates from Fishery Processing By-
Products: Production, Characteristics, Food Applications, and Challenges. Vol. 12,
Foods. 2023.

Tasdemir SS, Sanlier N. An insight into the anticancer effects of fermented foods: A
review. J Funct Foods [Internet]. 2020;75:104281. Available from:
https://www.sciencedirect.com/science/article/pii/S1756464620305053

Sokvibol C, Arunya P, Chuleeporn C, Wanticha S, Kriangkrai P. Assessment of biogenic
amine level from Cambodia fermented fish products. Food Res. 2022;6(2):294—-302.
Madejska A, Pawul-Gruba M, Osek J. Histamine content in selected production stages
of fish products. J Vet Res [Internet]. 2022;66(4):599-604. Available from:
https://doi.org/10.2478/jvetres-2022-0063

Visciano P, Schirone M, Paparella A. An Overview of Histamine and Other Biogenic
Amines in Fish and Fish Products. Vol. 9, Foods. 2020.

Zhernov Y V, Simanduyev MY, Zaostrovtseva OK, Semeniako EE, Kolykhalova KiI,
Fadeeva IA, et al. Molecular Mechanisms of Scombroid Food Poisoning. Vol. 24,
International Journal of Molecular Sciences. 2023.

Food and Agriculture Organization of the United Nations/World Health Organization.
Risk assessment of histamine and other biogenic amines from fish and fishery products.
2020.

Food and Drug Administration. Vibrio parahaemolyticus [Internet]. 2022 [cited 2023
Sep 11]. Available from: https://www.fda.gov/food/buy-store-serve-safe-food/safe-
practices-food-processors-vibrio-parahaemolyticus

112



