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Abstract: 
The edible part of the soft-shell clam contains a lot of protein and little fat, which makes it a good source of protein. We studied 
the chemical composition and nutritional value of the edible part of the soft-shell clam (Mya arenaria Linnaeus, 1758) living 
in the waters of the Kandalaksha Bay. Capillary electrophoresis was used to analyze the amino acid profile for its protein.  
The protein-water ratio of 17.81% and the protein-water-fat ratio of 17.69% classify soft-shell clams as a medium-protein, low-fat 
raw material with a high potential for food purposes. It had limiting amino acids (methionine and cysteine totaling 75.93%) and 
a high content of essential amino acids (valine, histidine, leucine, isoleucine, tyrosine, phenylalanine, and threonine, scoring 
over 100% each). The biological value of the protein was 72.34%, with a coefficient of difference between amino acid scores of 
27.66%. The edible part of the soft-shell clam proved hygienically safe. Nitrosamines, pesticides, polychlorinated biphenyls, and 
salts of heavy metals (lead, arsenic, cadmium, and mercury) did not exceed the maximum allowable concentrations established 
for food products. The degree of protein digestibility was 46.8% for the edible part of the soft-shell clam frozen for 6 months 
at –18°C and slowly air-defrosted. Based on our results, soft-shell clams can be considered an excellent and safe source of high-
quality protein and therefore be used in functional food technologies after further studies.

Keywords: Bivalve mollusk, flash freezing, amino acid profile, chemical composition, nutritional value, biological value, 
protein digestibility
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INTRODUCTION
The Strategy for the development of the Russian 

Fishery Complex up to 2030 contains several programs 
for developing aquaculture. One of them aims to cul-
tivate bivalve mollusks and echinoderms, which are 
steadily in high demand both in the Russian and foreign 
markets. The main residents of the project are the Rus-
sian Far East – Primorsky Krai (90% of production) and 
the Azov-Black Sea basin (10% of production). Intensive 
technologies for growing mollusks are expected to col-
lect at least 1.5 tons of biomass per hectare. Russia and 
its export markets in Southeast Asia are to become the 
main consumers of mollusks.

Since 2015, the export of fish and seafood from Rus-
sia to China, Japan, and South Korea has been growing 
steadily. These countries traditionally specialize in the 

fishing and industrial processing of mollusks, which are 
classified as delicacies. From 2014 to 2018, Russia saw 
a 62-fold increase in its export of crustaceans to China  
(from 3.7 to 230.6 million US dollars) and a three-fold 
increase in its export of mollusks (from 14.0 to 42.7 mil-
lion US dollars). In 2018 alone, the total export of 
fish, crustaceans, and mollusks from Russia to China  
amounted to 1.63 billion US dollars. All the seafood  
exported to China was grown or caught in the Russian 
Far East [1].

The growth of interest in bivalve mollusks has been 
observed in recent years worldwide. Bivalves are pri-
marily an excellent source of vitamin B12, omega-3 fatty  
acids, choline, iron, selenium, zinc, and other micro- 
and macronutrients [2], as well as native protein and 
collagen [3–6].
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Experts from the All-Russian Association of Fisher-
men (VARPE) and the NTech company have recorded a 
significant increase in sales of the main types of shell-
fish. In the first seven months of 2024, retail sales in-
creased by 54.5% in physical terms (25.6% in monetary 
terms) for frozen scallops, by 50.4% (45%) for squid, and 
by 2.4% (16.2%) for mussels. In total, the sales of these 
shellfish grew by 19.11% in physical terms and by 25.18% 
in monetary terms. This growth is more significant than 
that of the food market as a whole, which, according to 
NTech, increased by 19.7 and 7.2%, respectively. VARPE 
explains the high demand for shellfish by the increased 
popularity of pan-Asian cuisine among Russians [7].

The most promising species of bivalve mollusks for 
commercial use today are mollusks that live or grow in 
the shallow sandy waters of the Sea of Japan, the Sea of 
Okhotsk, and the Yellow Sea. These seas are the com-
mercial stocks of Anadara broughtonii, Spisula sachali 
nensis, Mactra chinensis, and other mollusks at depths 
from 2 to 15 m [8].

The growing global demand for mollusks has pro-
moted long-term studies of the lifestyle and production 
of soft-shell clams (Mya arenaria Linnaeus, 1758) that 
live in coastal sea waters and bays (Kandalaksha and 
Kola) adjacent to the Kola Peninsula [9–11]. According 
to these studies, unused reserves of this bivalve mollusk 
in the Far North of Russia have potential for industrial 
production and processing.

Dredging is the main method of extracting soft-shell 
clams, while freezing is the most common industri-
al method of their processing [12]. Bivalves – fresh or 
defrosted – are used to make a wide range of culinary 
products [13]. 

Today, amateur and industrial production, as well 
as the protection, of soft-shell clams is not regulated 
by the government. This increases the availability and 
economic attractiveness of fishing in Russia’s Northern 
Fishery Basin.

The soft-shell clam (Муа arenaria), also known as 
“sand shell”, is a bivalve mollusk that burrows into the 
ground to a depth of 10 m [12, 14]. 

Over the last 300–700 years, the species of Mya 
arenaria has re-explored the territories that its ances-
tors inhabited many millions of years ago. According 
to scientists, its dominance in the infauna of local wa-
ter bodies has not affected their endemics [14]. Soft-shell 
clams inhabit the silty-sandy soils of the littoral of the 
subarctic and arctic regions of the Atlantic Ocean, in-
cluding the waters of the Barents and White Seas. In the 
White Sea, the mollusks were found in the waters of the 
Onega, Dvina, and Kandalaksha bays. They prefer clean 
fast-flowing reservoirs, which leads to their increased 
population and facilitates the counting.

Soft-shell clams can withstand water temperatures 
from –2 to +28°С, with optimal values from +6 to +14°С. 
They can also withstand water salinity ranging from 25 
to 35‰, with an endurance level of 5‰. They are resis-
tant to anaerobic environmental conditions and able to 
survive significant oxygen deficiency for a long time.

Potential soft-shell clam fishing areas on the Kola 
Peninsula are the waters of the White Sea in the Gulf of 
Chupa of the Kandalaksha Bay, which has a high den-
sity of mollusk settlements [12]. The length of mollusks 
caught in this area ranges from 43 to 74 mm. Their mass 
ranges from 11 to 44 g, with the edible part accounting 
for 16–20% of the mass. 100 g of the edible part contains 
13.66–16.90% of protein, up to 0.6% fat, (83.08 ± 0.40)% 
water, and (1.52 ± 0.005)% mineral substances (ash).  
Nitrogenous compounds in the edible part of the mol-
lusk are represented by nitrogen-terminal amino acids 
and volatile bases, the mass fractions of which are 6 and  
85 mg %, respectively [12].

Despite the abundance of data on the functional and 
technological properties of bivalves, as well as their 
composition [2–4, 12, 15], research is lacking on the hy-
gienic safety and nutritional value of soft-shell clams liv-
ing in the waters of the Kandalaksha Bay, which are of 
scientific and commercial value.

We aimed to study the indicators of nutritional value 
and hygienic safety of the soft-shell clam bivalve mol-
lusk (Mya arenaria) living in the waters of the Kandalak- 
sha Bay to justify its use for food purposes.

To achieve this aim, we sought to:
– investigate the sensory characteristics of soft-shell 
clams exposed to flash freezing for preservation;

– explore the chemical composition and nutritional value 
of soft-shell clams;
– evaluate the functional and technological properties 
of the mollusk using the protein-water ratio (PWR, %) 
and the protein-water-fat ratio (PWFR, %) coefficients to 
identify the most promising processing methods;
– study the amino acid composition of the soft-shell clam 
protein, including the mass fraction of essential amino 
acids (EAA), and calculate its biological value indicators 
(EAA scores, EAA rationality coefficient, amino acid 
composition rationality coefficient, EAA score differ-
ence (ΔDAS), EAA score difference coefficient (CDAS), 
biological value, and EAA comparable redundancy);
– experimentally determine the degree of digestibility of 
the protein in the edible part of the mollusk;
– examine the hygienic safety of the edible part of the 
soft-shell clam against the Technical Regulation On the 
Safety of Fish and Fish Products (TR EAEU 040/2016); 
– make conclusions on the expediency of food use of the 
soft-shell clam inhabiting the Kandalaksha Bay.

STUDY OBJECTS AND METHODS
We studied bivalve soft-shell clams (Mya arenaria 

Linnaeus, 1758) living in the Gulf of Chupa of the Kan-
dalaksha Bay (Murmansk Region, Russia). The mollusks 
were sampled in July 2015 and August 2018. Seasonal 
changes were not considered in the study.

Chemicals and reagents. All the chemicals used in 
the study were of analytical grade, produced by Russian 
chemical enterprises, and met the state standards of the 
Russian Federation.

Sample preparation. Soft-shell clam bivalve mol-
lusks (Mya arenaria), 43 to 74 mm and 11 to 48 g (Fig. 1),  
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were collected during the expedition. Immediately af-
ter the collection, the alive soft-shell clams (about 7 kg) 
were frozen by the contact method to a temperature in 
the center of the mollusk to be –18 ± 1°С. They were 
transported to the laboratory and stored at the same 
temperature [12]. 

Before research, the mollusks were thawed in the air 
at a temperature not exceeding +8°C to a temperature 
in the center of the mollusk to be –1°C [12]. Then, the 
mollusks were cleaned manually, and the free liquid was 
removed. The edible part of the mollusks (about 20% 
of the total weight) was collected to study the chemical 
composition, hygienic safety, and protein digestibility.  
The samples were ground using a micro grinder or 
blender immediately prior to analysis. The frozen mol-
lusks were stored for a maximum of 8 months.

Proximate composition analysis. The chemical 
composition of the edible part of the mollusk was de-
termined using standard methods according to State 
Standard 7636-85. The mass fraction of water was de-
termined by drying a crushed sample at 105°C to con-
stant weight. The mass fraction of fat was determined 
by weight extraction in a Soxhlet extractor. The mass 
fraction of ash was obtained by mineralizing a pre-ashed 
sample at 600°C. The total and non-protein nitrogen 
contents were determined by the Kjeldahl method modi- 
fied in terms of sample mineralization with concentrated  
sulfuric acid. For this, we used a Pro-Nitro A setup and 
a Selekta Bloc Digest apparatus. Crude protein was de-
termined by multiplying the amount of total nitrogen  
by a factor of 5.80, which is used to determine total crude  
protein in jellyfish [3]. Native protein was found by mul-
tiplying the difference between total and non-protein 
nitrogen by 5.8. The obtained concentrations were ex-
pressed in terms of wet and dry weight. The protein-water 
ratio (PWR, %) and protein-water-fat ratio (PWFR, %) 
were calculated using Eq. (1), (2), respectively.
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where P is the mass fraction of protein, %; W is the 
mass fraction of water, %, where F is the mass fraction 
of fat, %.

Amino acid analysis. The amino acid composition of 
the edible part of the mollusk was determined by capil-
lary electrophoresis using the Kapel system according to 
State Standard R 55569-2013. All determinations were 
made in triplicate. The amino acid content (threonine, 
cysteine + methionine, valine, phenylalanine + tyrosine, 
isoleucine + leucine, lysine) was expressed in g per 100 g  
of product and in g per 100 g of protein.

Amino acids. Capillary electrophoresis was used to 
define the mass fractions of proteinogenic amino acids 
in the form of phenylisothiocarbamyl derivatives – the 
total content (free and bound forms) of individual amino 
acids. Since during decomposition of a sample, asparag-
ine and glutamine were hydrolyzed to aspartic and glu-
tamic acids, respectively, their contents were the total 
contents of these acids with the respective amides. Since 
leucine and isoleucine were not separated under analysis 
conditions, we determined their sum.

The Kapel capillary electrophoresis system with a 
high voltage source of positive polarity was equipped 
with: a quartz capillary of 75 cm long and 50 µm in 
inner diameter, a photometric or spectrophotometric 
detector capable of measuring at 250 to 260 nm, and a 
computer with Elforan software that registers IT pro-
cessing of electrophoregrams. The Kapel system is regis- 
tered in the State Register of Measuring Instruments. 
Table 1 shows the ranges of measured concentrations of 
amino acids.

Amino acid scores. Contents of essential amino acids  
(EAA) in the soft-shell clam protein were measured 
by calculating the EAA Cj score, a unit fraction or % 
(Eq. (3)). The calculation followed the World Health 
Organization (WHO) reference model of amino acid 
requirements for children of preschool and school age 
(3–10 years old) and adults [9].
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where Aj is the EAA content in 100 g of protein, g;  
Areferens is the EAA content in 100 g of native protein  
according to FAO/WHO, g.

Protein digestibility. The digestibility index of the 
soft-shell clam protein was determined by the accelerated  
Jaramillo method. The biological value of protein is 
characterized, among other things, by the degree of di-
gestion in the human body. The rate at which proteins 
are attacked by gastrointestinal enzymes (such as pep-
sin and trypsin) characterizes the degree of protein di-
gestion. The degree of protein digestion (DPD, %) was 
calculated using the Eq. (4):
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where Ndigested is the amount of nitrogen in the digested 
part of the protein; Ntotal is the total amount of nitrogen 
in the protein.

The amount of nitrogen in the digested part of the 
protein was calculated as a difference between total  

Figure 1 Mya arenaria Linnaeus, 1758 (compiled by the 
authors)
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nitrogen in the product and nitrogen in the undigested 
part of the protein according to the Eq. (5):

                  

PWR 100P
W

= ×  

 
PWFR 100P

W F
= ×

+
 

 
j

j
reference

A
С

A
=  

 
DPD 100digested

total

N
N

= ×  

 
 
DPD 100total residual

total

N N
N
−

= ×  

 
( ) 1.4

100
1000residual

А а
N

Н
− ×

= ×
×

 

                   (5)

where Nresidual is the content of the residual (undigested) 
part of the protein.

The content of total and residual (undigested) nitro-
gen was determined using the accelerated Jaramillo 
method. For this, a sample of the test product was min-
eralized in a metal sleeve when heated with a mixture of 
caustic and sodium acetate. After that, the released am-
monia was quantitatively absorbed by a 0.1 N solution 
of sulfuric acid. The acid that was not bound by ammo-
nium hydroxide at the end of mineralization was deter-
mined by back titration with a 0.1 N sodium hydroxide 
solution in the presence of an indicator.

The amount of residual nitrogen was calculated by 
the Eq. (6): 
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where А is the volume of 0.1 N sulfuric acid solution in 
a receiving glass, mL; а is the amount of 0.1 N sodium 
hydroxide solution used for titration of 0.1 N sulfuric 
acid solution, mL; 1.4 is the conversion factor for nitro-
gen; and Н is the weight of the sample under analysis.

Hygienic safety indicators. The hygienic safety in-
dicators were determined at the State Regional Center 
of Standardization, Metrology and Testing in Murmansk 
Region, the Test Performance Center for Industrial Pro-
duction of Crude Products and Raw Materials (Murmansk,  
Russia). Frozen mollusks (–18°C in the center) with a 
total mass of 1 kg were sampled according to Method  
M-02-1009-2008 (Sampling Act dated November 19, 
2018). They were analyzed for mass concentrations of 
toxic compounds whose maximum content is regulated  
in accordance with the Technical Regulation On the 
Safety of Fish and Fish Products (TR EAEU 040/2016) 
and Technical regulation On food safety (TR CU 021/ 
2011) by standardized methods:
– lead and cadmium (mg/kg of product) were measured 
by atomic absorption according to the guidelines for 
control State Standard 30178-96;

– arsenic (mg/kg of product) was determined by atomic 
absorption by electrothermal atomization according to 
method M-02-1009-2008;
– mercury (mg/kg of product) was measured by destruc-
tion of a sample with a mixture of nitric and sulfuric 
acids, followed by precipitation of mercury with copper 
iodide, and colorimetric determination in the form of 
copper tetraiodomercurate against a standard scale ac-
cording to State Standard 26927-86;

– nitrosamines (the sum of nitrosdimethylamine NDMA 
and nitrosdiethylamine NDEA, mg/kg of product) were de- 
termined by the fluorimetric chemiluminescent method 
according to MUK 4.1.011-93; and

– pesticides (polychlorinated biphenyls, mg/kg) were mea- 
sured by capillary gas-liquid chromatography with an 
electron capture detector according to the methodological 
guidelines MUK 4.1.1023-01.

Measurement of temperature in the shell. The 
temperature in the thickness of the mollusk, includ-
ing frozen ones, was measured using a high–precision,  
ultrafast TESTO 735-1 electronic thermometer (Table 2)  
registered in the Russian State Register of Measuring  
Instruments (Fig. 2).

Statistical analysis. Experimental results were ex-
pressed as mean values with standard deviation (n = 3). 
The least squares method was used to calculate the stan-
dard deviation.

RESULTS AND DISCUSSION
Table 3 shows the sensory properties of the soft-shell 

clams stored for eight months at –(18 ± 1)°C in a poly-
mer non-hermetic container. The test samples were air- 
defrosted immediately before analysis. 

Table 1 Amino acid concentrations measured by the Kapel capillary electrophoresis system

Amino acid Measurement range, mg/dm3 Amino acid Measurement range, mg/dm3

Alanine (Ala) 0.5–150 Leucine + Isoleucine (Leu+Ile) 0.5–150
Arginine (Arg) 0.5–250 Lysine (Lys) 0.5–100
Asparagine (Asn) 1.0–50 Methionine (Met) 0.4–50
Aspartic acid (Asp) 0.5–50 Proline (Pro) 0.25–500
Valine (Val) 0.4–150 Serine (Ser) 0.3–300
Histidine (His) 0.5–50 Threonine (Thr) 0.5–50
Glycine (Gly) 0.2–50 Tryptophan (Trp) 1.0–50
Glutamine (Gln) 0.5–50 Tyrosine (Tyr) 1.0–150
Glutamic acid (Glu) 1.0–50 Phenylalanine (Phe) 1.0–150

All determinations were performed in triplicate. The amino acid contents were expressed in g per 100 g of product and in g per 100 g of protein

Table 2 Characteristics of measuring instruments

Characteristic TESTO 735-1  
electronic 
thermometer

K/T probe 
(primary converter 
to the electronic 
thermometer)

Controlled 
temperature range, °C

from –20 up  
to 800

from –200  
before 1370

Temperature 
sensitivity limit, °C

0.05 0.10

Measurement error ± 0.2°C, or ± 0.3% ± 0.3°С
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Table 4 demonstrates the mass fractions of the main 
nutrients in the composition of the mollusk tissues. The 
protein-water ratio and the protein-water-fat ratio calcu-
lated to determine the preferred processing method for 
raw soft-shell clams were 17.81% and 17.69%, respec- 
tively. Figure 3 shows the amino acid profile of the pro-
tein in the edible part of the soft-shell clam. The hygienic 
safety indicators for the mollusk are shown in Figs. 4–8.

As can be seen in Figs. 4–8, the values of the hygienic  
safety indicators in the edible part of the mollusk were 
6.5–87.0 times lower than the established limits.

Our study demonstrated good preservation of fro-
zen bivalve soft-shell clams. After 6 months of storage  
at –(18 ± 1)°C, the mollusks showed excellent sensory 
properties after air defrosting (Table 3). They had no 
noticeable or quality-reducing changes in appearance, 
color, flavor, and consistency, which is especially im-
portant for food purposes. 

The edible part of the mollusk had a high protein 
content (Table 4). Our data were consistent with those in 
other studies. For example, Chinensis and Broughtonii [8]  
reported a protein content of 12.22 to 15.82 g in 100 g 
of the edible part of bivalve mollusks commercially har-
vested in the Sea of Japan. 

Due to the low (less than 1%) fat content, soft-shell 
clams can be used for dietetic and functional products. 
Their protein-water ratio and protein-water-fat ratio co-
efficients classify them as medium-protein, low-fat raw 
material. The best ways to process them for food pur-
poses are cooking, freezing, or manufacturing sterilized 
multi-component canned foods (including those with 
vegetables, cereals, etc.).

Table 4 shows that after two weeks of storage  
at –18°C, the contents of native protein and non-protein 
nitrogenous compounds were 90 and 10%, respectively.  

Figure 2 Testo 735-1 electronic thermometer (compiled by the 
authors)

Table 3 Sensory properties of the frozen bivalve mollusk Mya 
arenaria after air defrosting

Indicator Description
Appearance The shells are intact, without 

contamination; no change after defrosting
Color The shells are from milky white 

to grayish white; the body is from 
transparent pinkish white to slightly 
nontransparent grayish white

Consistency of the 
edible part 

Juicy, tender

Taste The taste is characteristic of fresh 
mollusk, slightly iodine; no off-flavors

Mass fraction of 
mineral impurities 
(sand, silt, etc.), %

Not more than 0.1 per total mass of the 
mollusk

Table 4 Chemical composition of the frozen bivalve mollusk 
Mya arenaria after air defrosting

Indicator Result in g per 100 g  
of the edible part

Water 83.08 ± 0.40
Protein 13.66 ± 0.05
Fat 0.60 ± 0.02
Carbohydrate 1.16
Ash (minerals) 1.520 ± 0.005
Mass fraction of total nitrogen (TN), % 2.425 ± 0.550
Mass fraction of non-protein nitrogen 
(NPN), %

0.240 ± 0.110

Crude protein (CP), % 14.07 ± 3.17

Carbohydrate data are mean ± standard deviation (n = 3). The 
content of carbohydrates, %, was calculated according to the Eq.: 
Carbohydrate = 100 – (moisture + protein + fat + ash)

Figure 3 Amino acid profile of the protein in the edible part of the soft-shell clam. Data are mean ± standard deviation (n = 3)
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This ratio of protein and non-protein nitrogen is con-
ventional for many aquatic organisms and can indi- 
cate freshness and high quality of frozen raw materials –  
mollusk.

The amino acid profile shows the biological value of 
protein in the mollusk. The protein in its edible part con-
tains essential amino acids and histidine, with the excep-
tion of tryptophan which was not determined. Among 
the essential amino acids, the pair “methionine + cyste-
ine” (76%) was the limiting one. This result was consis-
tent with that in the study of bivalve mollusks in the Sea 
of Japan (73%) [8]. 

The soft-shell clam protein may be considered defec-
tive in the absence of information about the tryptophan 
content. 

The digestibility of the protein in the edible part that 
has not undergone thermal cooking was at a fairly high 
level of 50%.

An analysis of the hygienic safety of the consumed 
part of the mollusk revealed full compliance with the 
established standards. In the samples, none of the test-
ed compounds reached the maximum permissible level. 
Moreover, the concentration of the detected contami-
nants was significantly lower than the established limits.

Figure 4 Essential amino acid scores in the protein of the edible part of Mya arenaria
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Figure 5 Concentrations of arsenic and lead in the soft-shell 
clams. Data are mean ± standard deviation (n = 3)
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Figure 7 Concentrations of cadmium and pesticides in the 
soft-shell clams. Data are mean ± standard deviation (n = 3)

0.050 ± 0.005

0.023 ± 0.002

2.0

2.0

0 0.5 1.0 1.5 2.0 2.5

Pestisides: 
polychlorinated 

biphenyls

Cadmium

Content limit Concentration in Mya arenaria

0.65 ± 0.18 0.77 ± 0.25

10.0

5.0

0

2

4

6

8

10

12

Lead Arsenic

Concentration in Mya arenaria Content limit

Concentration, mg/kg

0.0025 ± 0.0005

0.2

0 0.05 0.10 0.15 0.20 0.25

Concentration in Mya arenaria Content limit
Figure 6 Concentrations of mercury in the soft-shell clams. 
Data are mean ± standard deviation (n = 3)

Concentration, mg/kg

0.0004 ± 0.00007

0.003

0 0.001 0.002 0.003 0.004

Concentration 
in Mya arenaria

Content limit



431

Shokina Yu.V. et al. Foods and Raw Materials. 2026;14(2):425–431

CONCLUSION
The edible part of Mya arenaria Linnaeus, 1758 is hy-

drated, high in valuable protein, and low in fat. The pro-
tein content per its dry weight is more than 80%. The pro-
tein of the soft-shell clam contains essential amino acids,  
except for tryptophan, the content of which was not de-
termined. The dominant essential amino acids are glu-
tamic acid, leucine + isoleucine, and valine. Mya arenaria 
living in the waters of the Kandalaksha Bay of the White 
Sea can be used as raw material for food production.

The biological value of shellfish products can be rised 
by combining them with other proteins rich in tryptophan.

CONTRIBUTION
All the authors were involved in the experimentation, 

data collection, management, and writing of the paper, 
as well as its reading and approval, prior to submission.

CONFLICT OF INTEREST
The authors state that there is no conflict of interest.

ACKNOWLEDGEMENTS
The research was supported by the World-Class Sci-

entific and Educational Center “Russian Arctic: New 
Materials, Technologies and Research Methods”.

REFERENCES
1.	 Shishkina NP. Prospects for food exports to China. Scientific Journal of Baikal State University. 2020;4(1):18–27.  

(In Russ.) https://doi.org/10.17150/2587-7445.2020.4(1).18-27
2.	 España MSA, Rodríguez EMR, Romero CD. Comparison of mineral and trace element concentrations in two molluscs 

from the Strait of Magellan (Chile). Journal of Food Composition and Analysis. 2007;20(3–4):273–279. https:// 
doi.org/10.1016/j.jfca.2006.06.007

3.	 Chen DW, Su J, Liu XL, Yan DM, Lin Y, et al. Amino acid profiles of Bivalve mollusks from Beibu Gulf, China. 
Journal of Aquatic Food Product Technology. 2012;21(4):369–379. https://doi.org/10.1080/10498850.2011.604820

4.	 Karnjanapratum S, Benjakul S, Kishimura H, Tsai YH. Chemical compositions and nutritional value of Asian 
hard clam (Meretrix lusoria) from the coast of Andaman Sea. Food Chemistry. 2013;141(4):4138–4145. https:// 
doi.org/10.1016/j.foodchem.2013.07.001

5.	 Doyle TK, Houghton JDR, McDevitt R, Davenport J, Hays GC. The energy density of jellyfish: Estimates from bomb-
calorimetry and proximate composition. Journal of Experimental Marine Biology and Ecology. 2006;343(2):239–252. 
https://doi.org/10.1016/j.jembe.2006.12.010

6.	 Dietary protein quality evaluation in human nutrition. Report of an FAQ Expert Consultation. Auckland: FAO Food 
and Nutrition Paper; 2011. 66 p.

7.	 Sales of shellfish have increased dramatically in Russia. Who started buying and why? RGRU. (In Russ.) Available 
from: https://rg.ru/2024/11/14/prodazhi-molliuskov-rezko-vyrosli.html?ysclid=m7hvy1yxqx834-337085 

8.	 Tabakaeva OV, Tabakaev AV, Piekoszewski W. Nutritional composition and total collagen content of two commercially 
important edible bivalve molluscs from the Sea of Japan coast. Journal of Food Science and Technology. 2018;55: 
4877–4886. https://doi.org/10.1007/s13197-018-3422-5

9.	 Karnjanapratum S, Benjakul S, Kishimura H, Tsai YH. Chemical compositions and nutritional value of Asian hard 
clam (Meretrix lusoria) from the coast of Andaman Sea. Food Chemistry. 2013;141(4):4138–4145. https://doi.org/ 
10.1016/j.foodchem.2013.07.001

10.	Smolkova OV. Linear growth and yield of bivalve mollusks Mya Arenaria Linnaeus, 1758 in the conditions of 
the littoral of the Barents and White Seas. IOP Conf. Series: Earth and Environ. Sci. 2021;937:022078. https:// 
doi.org/10.1088/1755-1315/937/2/022078 

11.	Smolkova OV. Production characteristics of settlements bivalve Mya arenaria Linne, 1758 of the Barents Sea. 
Transactions of the Kola Science Centre of RAS. 2021;12(3):141–150. (In Russ.) https://doi.org/10.37614/2307-
5252.2021.3.9.017

12.	Shokina YuV, Kravets PP, Lutsyk PV. Evaluation of techno-chemical properties of the bivalve mollusk Mya Arenaria 
as fishery perspective object and aquaculture of the Kandalaksha Bay. Vestnik of MSTU. 2015;18(4):667–671.  
(In Russ.) https://elibrary.ru/VNUJPL 

13.	Murray MT, Pizzorno J, Pizzorno L. The Encyclopedia of Healing Foods. NY: Atria Books; 2005, 912 p.
14.	Gerasimova AV, Ushanova EV, Filippov AA, Filippova NA, Stogov IA, et al. Long-term changes in cohort structure 

of the soft-shell clam Mya arenaria in the White Sea: Growth rate affects lifespan and mortality. Marine Biology 
Research. 2018;14(1):51–64. https://doi.org/10.1080/17451000.2017.1346259 

15.	Wright AC, Fan Y, Baker GL. Nutritional value and food safety of bivalve molluscan shellfish. Journal of Shellfish 
Research. 2018;37(4):695–708. https://doi.org/10.2983/035.037.0403

ORCID IDs
Yulia V. Shokina https://orcid.org/0000-0002-6513-1912		  Gribanova Svetlana L. http://orcid.org/0000-0003-1448-4328
Ekaterina I. Reshetnik https://orcid.org/0000-0002-3166-9992	 Derzhapolskaya Yulia I. http://orcid.org/0000-0002-1851-0063

https://doi.org/10.17150/2587-7445.2020.4(1).18-27
https://doi.org/10.1016/j.jfca.2006.06.007
https://doi.org/10.1016/j.jfca.2006.06.007
https://doi.org/10.1080/10498850.2011.604820
https://doi.org/10.1016/j.foodchem.2013.07.001
https://doi.org/10.1016/j.foodchem.2013.07.001
https://doi.org/10.1016/j.jembe.2006.12.010
https://rg.ru/2024/11/14/prodazhi-molliuskov-rezko-vyrosli.html?ysclid=m7hvy1yxqx834337085
https://doi.org/10.1007/s13197-018-3422-5
https://doi.org/10.1016/j.foodchem.2013.07.001
https://doi.org/10.1016/j.foodchem.2013.07.001
https://doi.org/10.1088/1755-1315/937/2/022078
https://doi.org/10.1088/1755-1315/937/2/022078
https://doi.org/10.37614/2307-5252.2021.3.9.017
https://doi.org/10.37614/2307-5252.2021.3.9.017
https://elibrary.ru/VNUJPL
https://doi.org/10.1080/17451000.2017.1346259
https://doi.org/10.2983/035.037.0403
https://orcid.org/0000-0002-6513-1912
https://orcid.org/0000-0002-6513-1912
http://orcid.org/0000-0003-1448-4328
http://orcid.org/0000-0003-1448-4328
https://orcid.org/0000-0002-3166-9992
https://orcid.org/0000-0002-3166-9992
http://orcid.org/0000-0002-1851-0063
http://orcid.org/0000-0002-1851-0063

	Jaishankar Prasad1, Aishwarya Dixit2￼, Sujata P. Sharma1,*, Anjelina W. Mwakosya3￼, 
Anka T. Petkoska4￼, Ashutosh Upadhyay2￼, Nishant Kumar2,**￼
	Nora Gabriela Herrera1,*￼, Nelson Adrián Villacrés2￼, 
Lizbeth Aymara1￼, Viviana Román1￼, Mayra Ramírez1￼
	Olga N. Bugaets2,*￼, Ivan A. Bugaets1￼, Elena A. Kaigorodova2￼, Sergey V. Zelentsov3￼, Natalia A. Bugaets1￼, Evgeny O. Gerasimenko1￼, Elena A. Butina1￼
	Maria A. Perevozchikova*￼, Igor A. Domsky￼, Alexey A. Sergeyev￼
	Ivan Yu. Evdokimov1,*￼, Angelina V. Malkova1￼, Alena N. Irkitova1￼, 
Maxim V. Shirmanov1￼, Dmitrii V. Dementev2￼
	Mariia V. Romanova￼, Anastasiia N. Dolbunova￼, Yulia M. Epishkina￼, 
Svetlana A. Evdokimova￼, Mikhail R. Kozlovskiy￼, Alexander Ye. Kuznetsov￼, 
Natalya Yu. Khromova￼, Andrey V. Beloded*￼
	Coffee pulp pretreatment methods: A comparative analysis
of hydrolysis efficiency
	Do Viet Phuong*￼, Luu Thao Nguyen￼
	The effect of post-packaging pasteurization 
on physicochemical and microbial properties of beef ham

	Nasim Azizpour1,*￼, Seyed Hadi Razavi2￼, Mehran Azizpour3￼, Esmail Khazaei Poul1￼
	Ahmed M. S. Hussein1￼, Hala A. Abd El-Aal2, 
Nahla M. Morsy2, Mohamed M. Hassona2,3,*
	Major food-borne zoonotic bacterial pathogens 
of livestock origin: Review
	Fuad Zenu, Tesfaye Bekele*￼
	_Hlk149317319
	_Hlk198023626
	_Hlk198025151
	_Hlk198114283
	_Hlk198045913
	_Hlk198114342
	_Hlk198025592
	_Hlk200539682
	_Hlk200540004
	_Hlk135838947
	_Hlk198035961
	_Hlk198038919
	_Hlk198039294
	_Hlk198042834
	_Hlk198121419
	_Hlk200539460
	_Hlk198121527
	_Hlk200539774
	_Hlk198118888
	Food security and globalization
	Alternative sweets from cooked pulses and date products: 
Nutritional and quality characteristics
	Anatoly P. Kaledin1￼, Marina V. Stepanova2,*￼, Larisa F. Sotnikova2￼, 
Sergei Yu. Zaitsev2￼, Yulia N. Melikova2￼, Anastasia S. Kuryndina2￼, Daria A. Vilmis2￼
	Effect of cultivation conditions on polysaccharide synthesis 
by Skeletonema pseudocostatum
	_Hlk75517570
	_Hlk76552615
	_Hlk150862816
	_Hlk81209024
	_Hlk150870416
	_Hlk151553606
	_Hlk150936404
	_Hlk198288464
	_Hlk189491512
	_Hlk198534608
	_Hlk189491671
	_Hlk189492119
	_Hlk193099755
	_Hlk198542376
	_Hlk189492270
	_Hlk198542117
	_Hlk189492304
	_Hlk198543159
	_Hlk189492456
	_Hlk189492358
	_Hlk198543336
	_Hlk189492470
	_Hlk189492483
	_Hlk189492496
	_Hlk189492392
	_Hlk184044717
	_Hlk198545810
	_Hlk198546503
	_Hlk189492596
	_Hlk189492612
	_Hlk189492626
	_Hlk189492643
	_Hlk198551209
	_Hlk189492658
	_Hlk198562250
	_Hlk189492672
	_Hlk189492690
	_Hlk198622570
	_Hlk189492750
	_Hlk198622656
	_Hlk189492761
	_Hlk198623460
	_Hlk155479892
	_Hlk155474040
	_Hlk155474117
	_Hlk155476687
	_Hlk155477081
	_Hlk133490738
	_Hlk131958044
	_Hlk155479040
	_Hlk133066279
	_Hlk131957822
	_Hlk131968657
	_Hlk155479972
	_Hlk156275899
	_Hlk156331978
	_Hlk133149926
	_Hlk132276041
	_Hlk161564011
	_Hlk132195458
	_Hlk132195644
	_Hlk132195675
	_Hlk132197192
	_Hlk132196285
	_Hlk132195476
	_Hlk132197324
	_Hlk133407426
	_Hlk132294818
	_Hlk132268179
	_Hlk132292806
	_Hlk133352205
	_Hlk164174193
	_Hlk161589896
	_Hlk132228200
	_Hlk132234733
	_Hlk132323961
	_Hlk156095965
	_Hlk133273182
	_Hlk133159191
	_Hlk164178238
	_Hlk164178008
	_Hlk133442103
	_Hlk181567957
	_Hlk181568360
	_Hlk181569093
	_Hlk181630573
	_Hlk181700115
	_Hlk181570463
	_Hlk181634389
	_Hlk181642356
	_Hlk181689983
	_Hlk181629890
	_GoBack
	_Hlk176875297
	_Hlk202253173
	_Hlk201655048
	_Hlk202253883
	_Hlk145531095
	_Hlk187429945
	_Hlk201147551
	_Hlk201147577
	_Hlk191438609
	_Hlk191559443
	_Hlk191559554
	_Hlk183231700
	_Hlk191438862
	_Hlk191583193
	_Hlk183234241
	_Hlk126724335
	_Hlk162894682
	_Hlk191587725
	_Hlk207799918
	_Hlk191714679
	_Hlk191434637
	_Hlk191407302
	OLE_LINK1
	_GoBack
	_GoBack
	_Hlk136501756
	_Hlk208393868
	_Hlk208411199
	_Hlk208474949
	bau1-profile
	_GoBack
	_Hlk208989755
	_Hlk208989696
	_Hlk209007885
	_Hlk195470755
	_Hlk63780596
	4_Conclusions
	_Hlk63780616
	_Hlk208838104
	_Hlk208838624
	_Hlk106385273
	_Hlk212814795
	_Hlk213422130
	_Hlk213244566
	_Hlk213665579
	_Hlk213676700
	_Hlk213747803

