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Abstract. The aim of this review was the analyze of the available literature data on the qualitative
characteristics of mussel meat harvested from the Black Sea, with an emphasis on its nutritional value.
The most commercially important bivalve mollusc species in the Black Sea are Mytilus galloprovincialis,
Chamelea gallina, and Donax trunculus. This review summarizes data on the chemical composition of the
meat, its fatty acid and amino acid profiles, and its technological characteristics. The results for Mytilus
galloprovincialis show that the meat contains high levels of protein, essential amino acids, polyunsaturated
fatty acids (EPA and DHA), vitamins A, D, and E, and minerals, and low levels of lipids and carbohydrates.
Water-holding capacity and cooking losses, on the other hand, are relatively stable. Refrigerated storage
for a short time can reduce losses during thermal processing. The range of the n-6/n-3 ratio is from 0.06 to
2.23, which is favorable for human nutrition. The macronutrient composition of C. gallina and D. trunculus
is similar, but C. gallina has a higher content of essential amino acids. The Black Sea is a rich source of
three mussel species that are both safe and functional foods, offering potential health benefits.

Keywords: proximate composition, fatty acid, amino acids, technological quality, seasonal variations,
functional foods.

Introduction Carrington et al., 2015; van der Schatte Olivier et
al., 2020).

The Black Sea has a unique marine ecosystem, The  Mediterranean ~ mussel  (Mytilus

with  specific  hydrological, chemical, and  9alloprovincialis) is the main commercially

biological conditions that have a significant ~ important bivalve mollusc inthe Black Sea. It occurs

in the wild and is also cultivated in aquaculture
(Peteva, 2020; Batir et al., 2025). On account of
its elevated adaptability to variable environmental

impact on the distribution, growth, and quality of
marine organisms (Dimitrova-Konaklieva, 2000;
Bozhidarova and Toneva, 2012). Bivalve molluscs,

such as mussels, which are of particular economic
and ecological importance, being widely distributed
along the Bulgarian Black Sea coast and used both
as a food source and as bioindicators of the marine
environment (Borthagaray and Carranza, 2007,
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factors, this species establishes stable stocks
and constitutes a valuable source of high-quality
proteins, biologically active lipids, essential amino
acids, and minerals (Grkovic et al., 2019).

The Black Sea is home to more than just



Mytilus galloprovincialis. Other types of bivalves
can also be found in its coastal and shallow-water
zones, including Modiolula phaseolina, Chamelea
gallina, Cerastoderma glaucum, Donax trunculus
and Abra alba. However, these species have a
more limited distribution and lower commercial
importance (Hubenov, 2024). Concurrently, the
distinctive conditions of the Black Sea, including
its low salinity, seasonal temperature variations,
and substantial anthropogenic influence, have the
potential to impact both the chemical composition
and the technological and sensory attributes of
mussel meat (Bongiorno et al., 2015; Torz et al.,
2016; Lameira Silva et al., 2020).

The quality of mussel meat is a pivotal element
in determining its nutritional worth, technological
applicability, and consumer acceptance (Troy et
al., 2016; Garmyn, 2020; Rebezov et al., 2024).
Indicators such as chemical composition, fatty
acid and amino acid profiles furnish information
regarding the biological value of food products,
while technological properties, including water-
holding capacity, losses during various heat
treatment methods, and storage, are imperative
for processing, preservation, and sensory quality
(Sampels, 2015; Abraha et al., 2018; Karavoltsos
et al., 2020; Chen and Liu, 2020; Martinez and
Carballo, 2021). All these methods for flesh
quality are closely related to the unique Black Sea
ecological factors.

It is particularly important to analyze changes
in the quality of Black Sea mussel meat during
refrigerated and frozen storage because these
technologies are widely applied in practice and
have a direct impact on the economic efficiency
and safety of the product (Kontominas et al., 2021;
Roobab et al., 2022; Siddiqui et al., 2024).

The aim of this review was the analyze of
the available literature data on the qualitative
characteristics of mussel meat harvested from the
Black Sea, with an emphasis on its nutritional value.

Material and methods

This review was conducted through a structured
search and analysis of the available scientific

literature concerning the quality characteristics and
nutritional value of edible bivalve molluscs harvested
from the Black Sea. Scientific publications were
identified using the electronic databases Scopus,
Web of Science, Google Scholar, and PubMed.
Additional sources were identified through the
reference lists of relevant articles.

The literature search was performed between
August 2025 and February 2026. Publications
published between 2000 and 2025 were considered
for inclusion in the review. The search strategy
included combinations of the following keywords:
“Black Sea mussels”, “Mytilus galloprovincialis”,
“Chamelea gallina”, “Donax trunculus”, “chemical
composition”, “fatty acid profile”, “amino acid
composition”, “technological properties”,
“storage”, “nutritional value”, and “functional

foods”.

The inclusion criteria comprised peer-reviewed
scientific articles, conference proceedings, doctoral
theses, and official reports that contained data
related to the nutritional composition, fatty acid and
amino acid profiles, technological characteristics,
storage effects, or health significance of mussels
harvested from the Black Sea region. Studies
focusing on unrelated marine species, non-
Black Sea ecosystems, or lacking sufficient
methodological information were excluded.

Particular emphasis was placed on studies
investigating ~ seasonal  variations,  storage
conditions, and bioactive compounds in the Black
Sea mussel (Mytilus galloprovincialis), as well as
comparative studies involving Chamelea gallina
and Donax trunculus commonly found in the Black
Sea.

Chemical composition of bivalve
mollusc meat

Accordingto literature, the chemical composition
of mussel meat varies depending on the season
and storage conditions (Table 1).

The highest water content in Mediterranean
mussels is found in fresh meat, whereas this
parameter is decreased by storage under refrigerated
or frozen conditions (Zhelyazkov et al., 2024).



Table 1. Chemical composition of bivalve mollusc harvested from the Black Sea

Parameter

Range of values

Source

Mediterranean mussel (Mytilus galloprovincialis)

Moisture, g.100 g™ ww

Protein, g.100 g* ww

Fat, .100 g" ww

Ash, g.100 g" ww
Carbohydrates, g.100 g™* ww

Vitamin A, pg.100 g™

Vitamin D,, pg.100 g™

Vitamin E, pg.100 g

B-carotene, pg.100 g™

Energy value, kcal.100 g ww

73.35-89.42

7.63-19.92

0.99-2.89

1.12-1.70
2.00-2.73

21.1-64.0

25-24.0

1.4-2525.0

102 - 950

94.50 - 115.00

Celik et al., 2012
Dernekbasi et al., 2015
Merdzhanova et al., 2018
Zhelyazkov et al., 2024
Dernekbasi et al., 2015
Merdzhanova et al., 2018
Panayotova et al., 2020
Zhelyazkov et al., 2024
Dernekbasi et al., 2015
Merdzhanova et al., 2018
Panayotova et al., 2020
Zhelyazkov et al., 2024
Dernekbasi et al., 2015
Zhelyazkov et al., 2024
Merdzhanova et al., 2018
Merdzhanova et al., 2018
Panayotova et al., 2020
Stancheva et al., 2024
Merdzhanova et al., 2018
Panayotova et al., 2020
Merdzhanova et al., 2018
Panayotova et al., 2020
Stancheva et al., 2024
Merdzhanova et al., 2018
Panayotova et al., 2020
Merdzhanova et al., 2020
Stancheva et al., 2024
Merdzhanova et al., 2018
Stancheva et al., 2024

Striped venus clam (Chamelea gallina)

Protein, g.100 g™ ww
Fat, g.100 g ww
Vitamin D,, ug.100 g™

Energy value, kcal.100 g™ ww

11.00-18.85

1.70-5.00

40

100

Stancheva et al., 2024
Stancheva et al., 2024
Stancheva et al., 2024

Stancheva et al., 2024

Wedge clam (Donax trunculus)

Protein, g.100 g™' ww
Fat, .100 g" ww
Vitamin D,, ug.100 g™

Energy value, kcal.100 g™ ww

11.00 - 18.85
1.70-5.00

15
100

Stancheva et al., 2024
Stancheva et al., 2024

Stancheva et al., 2024
Stancheva et al., 2024




Seasonal variations are relatively limited. Some
authors have reported lower values in spring than
in summer and autumn (Merdzhanova et al., 2018).
Others have not found significant differences
depending on the month of harvest (Dernekbasi et
al., 2015).

Significant variability has been shown in the
protein content of fresh or stored (refrigerated or
frozen) mussel meat, with this variability being
influenced by both the season and the condition
of the samples. An increase in the relative protein
content was observed during refrigerated and
frozen storage, which is likely related to the
reduction in water content in the meat following
these technological processes (Zhelyazkov et al.,
2024). Higher protein values in Mediterranean
mussel meat are indicated by seasonal changes in
spring and lower values in autumn (Merdzhanova
etal., 2018). This phenomenon is attributable to the
physiological state of the mussels, specifically the
utilization of body fat reserves following the winter
period and the subsequent accumulation of these
reserves prior to the onset of winter. As is well-
known, the protein content in meat is a relatively
stable parameter. Such percentage differences are
therefore associated with higher or lower levels of
lipids and water in the tissue.

Thelipid content of Mediterranean mussel meatis
relatively low and consistent, with minimal seasonal
and storage condition fluctuations (Zhelyazkov et
al., 2024). However, some fluctuations over time
have been reported, with higher values seen during
the winter months (Dernekbasi et al., 2015).

Ash content does not show significant changes
during storage. It varies depending on the season
(Dernekbasi et al., 2015; Zhelyazkov et al., 2024).
A low amount of carbohydrates is present, with
a tendency toward higher values in autumn
(Merdzhanova et al., 2018).

When it comes to fat-soluble vitamins (A, D,,
and E), there were some big differences that were
related to the time of year and the characteristics
of each species. The levels of vitamin A and
B-carotene show significant variation, while vitamin
D, is present at comparatively lower concentrations
in Mytilus galloprovincialis compared to Chamelea
gallina and Donax trunculus (Stancheva et al.,

2024). The most significant fluctuations were seen
in vitamin E, which is probably due to variations
in the analytical methods and the physiological
conditions of the organisms.

Comparative data for two species of clams,
Chamelea gallina and Donax trunculus (Table 1),
show similar values for the main macronutrients
but differences in vitamin D, content, with higher
levels in Chamelea gallina (Stancheva et al., 2024).

The energy value of Mediterranean mussel meat
is relatively low and changes with the season. The
highest values are seen in spring (Merdzhanova et
al., 2018), averaging around 100 kcal per 100 g wet
weight (Stancheva et al., 2024).

Mussels are a suitable, well-balanced food for
humans because of their chemical composition and
vitamin content. Their relatively low energy value of
approximately 100 kcal per 100 g wet weight meets
consumer requirements for dietary foods.

Fatty acid and amino acid composition
of bivalve mollusc meat

The range of values for the fatty acid composition
of Mytilus galloprovincialis is presented in Table
2. Zhelyazkov et al. (2024) did not find significant
differences in the fatty acid composition of fresh
Mediterranean mussel meat after 6 days of
refrigerated storage or after 3, 6, 9, and 12 months
of frozen storage.

Saturated fatty acids (C16:0 and C18:0) had
higher values in summer and autumn, while lower
concentrations were seen in spring and winter
(Dernekbagi et al., 2015; Merdzhanova et al.,
2018). Among the types of fatty acids, palmitoleic
acid (C16:1n-7) is higher in winter and spring, with
lower amounts in summer and autumn (Dernekbasi
et al., 2015), while oleic acid (C18:1n-9) is higher
in spring and summer (Dernekbasi et al., 2015;
Merdzhanova et al., 2018).

Polyunsaturated fatty acids, including EPA
(C20:5n-3) and DHA (C22:6n-3), maintain their
properties during storage but are also influenced
by the season, with higher levels observed in spring
and winter (Dernekbas: et al., 2015; Merdzhanova
et al., 2018). The n-6/n-3 ratio varies depending



on the season and environmental conditions

(Dernekbasi et al., 2015; Merdzhanova et al., 2020;

Panayotova et al., 2020; Zhelyazkov et al., 2024).
These findings suggest that seasonal factors

exert a pronounced influence on the concentration
of individual fatty acids in the meat of Mediterranean

mussels. Despite seasonal differences in fatty
acid composition, an excellent n-6/n-3 ratio is
possessed by the meat of Mytilus galloprovincialis,
and it is considered an outstanding source of
polyunsaturated fatty acids, which are particularly
important for human health.

Table 2. Fatty acid composition of Mediterranean mussel (Mytilus galloprovincialis) harvested from the Black Sea

Parameter, %

Range of values

Source

C16:0 (palmitic acid)

17.71-24.00

Dernekbasi et al., 2015
Merdzhanova et al., 2018
Zhelyazkov et al., 2024

C18:0 (stearic acid)

3.24-9.00

Dernekbasi et al., 2015
Merdzhanova et al., 2018
Zhelyazkov et al., 2024

C16:1n-7 (palmitoleic acid)

2.92 -6.47

Dernekbagi et al., 2015
Merdzhanova et al., 2018
Zhelyazkov et al., 2024

G18:1n-9 (oleic acid)

2.83-5.50

Dernekbasi et al., 2015
Merdzhanova et al., 2018
Zhelyazkov et al., 2024

C20:5n-3 (EPA)

7.97 -20.00

Dernekbasi et al., 2015
Merdzhanova et al., 2018
Zhelyazkov et al., 2024

C22:6n-3 (DHA)

14.41 -20.00

Dernekbasi et al., 2015
Merdzhanova et al., 2018
Zhelyazkov et al., 2024

n-6/n-3

Dernekbasi et al., 2015
Merdzhanova et al., 2020
Panayotova et al., 2020
Zhelyazkov et al., 2024

0.06 -2.23

The total fatty acid content of Mytilus
galloprovincialis ranges from 1.31 to 2.35 ¢/100 g
ww, indicating that the meat can be classified as
lean to low-fat (Peycheva et al., 2021). Minimum
fatty acid values are observed in Mediterranean
mussel meat during spawning, whereas maximum
values coincide with fat accumulation seasons to
survive the unfavorable winter period (Stratev et
al., 2017; Panayotova et al., 2021).

The amino acid composition presented in
Table 3 shows that Chamelea gallina has higher
concentrations of essential amino acids. These
include lysine, valine, threonine, and phenylalanine.
These concentrations are higher than those in
Donax trunculus (Bityutskaya et al., 2021). A closer
examination indicated that both species of mussels
are excellent sources of essential amino acids,
which are important for human nutrition.



Table 3. Amino acid composition of bivalve mollusc harvested from the Black Sea

Amino acid

Value

Source

Striped venus clam (Chamelea gallina)

Lysine, g.100 g™" ww 10
Valine, g.100 g™" ww 5
Threonine, g.100 g™* ww )
Phenylalanine, g.100 g~" ww 6.1

Bityutskaya et al., 2021
Bityutskaya et al., 2021
Bityutskaya et al., 2021
Bityutskaya et al., 2021

Wedge clam (Donax trunculus)

Lysine, g.100 g~" ww 6.5
Valine, g.100 g™" ww 4

Threonine, g.100 g™* ww 4.4
Phenylalanine, g.100 g~" ww 4.3

Bityutskaya et al., 2021
Bityutskaya et al., 2021
Bityutskaya et al., 2021
Bityutskaya et al., 2021

Technological properties of bivalve
mollusc meat

Zhelyazkov et al. (2024) found no significant
differences in the water-holding capacity (WHC)
of fresh Mediterranean mussel meat compared
to meat stored for 6 days under refrigeration
or after 3, 6, 9, or 12 months of frozen storage.
Values ranged from 74% to 78%. Cooking losses

in Mytilus galloprovincialis meat were the highest
in fresh samples (46%) and decreased after Six
days of refrigerated storage (22.4%) (Zhelyazkov
et al.,, 2024). This reduction is likely associated
with structural and moisture redistribution changes
occurring during short-term storage rather than
with improvements in the intrinsic nutritional
quality of the meat. The technological properties of
M. galloprovincialis meat remained relatively stable
under different storage conditions (Table 4).

Table 4. Technological properties of Mediterranean mussel (Mytilus galloprovincialis)

Parameter, % Range of values

Condition / Storage time Source

Water-holding capacity (WHC) 74-178

Cooking losses 22.4-46.0

fresh;

6 days refrigerated;

3, 6,9, 12 months frozen
fresh (46.0%);

6 days refrigerated (22.4%)

Zhelyazkov et al., 2024

Zhelyazkov et al., 2024

Nutritional and health significance

The nutritional composition of mussels is
influenced by seasonal factors and the quality of
their growing environment. Despite these factors, a
source of valuable nutrients, such as proteins, fats,
and carbohydrates, is provided by them (Mititelu
et al., 2022). The concentrations of heavy metals
in Mytilus galloprovincialis, Chamelea gallina, and
Donax trunculus harvested from the Bulgarian
coast of the Black Sea across different seasons
were found to be within the maximum permissible
limits and did not exceed the requirements of
European Union regulations or the U.S. Food and

Drug Administration (Peycheva et al., 2023).

Mediterranean mussels caught or cultivated in
the Black Sea are considered health-promoting
foods, and their consumption is recommended in
dietary regimes (Merdzhanova et al., 2016). In the
northern part of the Black Sea (Crimea), harvesting
Mediterranean mussels is possible almost year-
round, except for December and March (Chelyadina
etal, 2019).

Summary of findings

It has been indicated by studies to date that
the meat of Mytilus galloprovincialis harvested



from the Black Sea is a rich source of high-quality
protein, essential fatty acids, indispensable amino
acids, vitamins, and minerals, while low amounts
of lipids and carbohydrates are contained in it.
Seasonal factors mainly influenced the biological
composition of the mussels, including moisture,
protein, lipid, ash, carbohydrate, vitamin, and fatty
acid contents. In contrast, technological factors
such as refrigerated and frozen storage primarily
affected technological characteristics, including
water-holding capacity and cooking losses, while
causing relatively limited changes in fatty acid
composition. The highest protein levels were
observed in spring, and the highest carbohydrate
levels were observed in autumn. Vitamins A, D,,
and E, as well as 3-carotene, demonstrate seasonal
fluctuations in Mytilus galloprovincialis. Vitamin D,
is present at lower concentrations than in Chamelea
gallina and Donax trunculus.

The fatty acid composition of M. galloprovincialis
meatremainsrelatively stable underdifferentstorage
conditions, although seasonal factors significantly
affect the individual fatty acids. Saturated fatty
acids (C16:0 and C18:0) and monounsaturated
fatty acids (C16:1n-7 and C18:1n-9) exhibited
higher concentrations in summer and autumn,
while polyunsaturated fatty acids (EPA and DHA)
increased in spring and winter. The n-6/n-3 ratio
ranged from 0.06 to 2.23, favorable for human
health. The total fatty acid content classifies these
mussels as lean to low-fat foods.

The amino acid profile shows that Chamelea
gallina has higher concentrations of essential
amino acids, such as lysine, valine, threonine, and
phenylalanine, than Donax trunculus, highlighting
the potential of certain bivalve species for nutritional
and functional applications in human diets.

The technological  properties of M.
galloprovincialis meat remain stable under different
storage conditions. The water-holding capacity
(WHC) remained relatively stable (74-78%),
whereas cooking losses ranged from 22.4% t0 46%.
Lower cooking losses after short-term refrigerated
storage were likely related to physicochemical
changes in tissue water distribution during storage.

These results indicate that M. galloprovincialis
meat is a high-quality food product with potential

for inclusion in low-fat diets that are rich in
polyunsaturated fatty acids. Despite these positive
characteristics, the available literature is limited
in both quantity and scope, emphasizing the need
for systematic studies to assess the influence of
seasonal, environmental, and technological factors
on the quality of mussels harvested from the Black
Sea. Future research should more closely examine
the effects of storage and processing on bioactive
compounds and compare different populations to
evaluate how environmental and seasonal factors
affect the nutritional value of various mussel
species.

Conclusion

This literature review shows that the meat of
Mediterranean mussel (Mytilus galloprovincialis)
harvested from the Black Sea is a high-quality food
product. The macronutrient values of two clam
species (Chamelea gallina and Donax trunculus) are
similar to those of Mytilus galloprovincialis, with
the former species exhibiting higher concentrations
of essential amino acids. Seasonal changes have a
moderate influence on the chemical composition-
protein content and certain fatty acids are higher
in spring and winter, carbohydrates increase in
autumn, and vitamins and fatty acid profiles show
moderate seasonal dynamics. The n-6/n-3 ratio
ranged between 0.06 and 2.23, which is favorable
for human health, although it also showed seasonal
fluctuations. The technological properties of meat,
including its water-holding capacity and cooking
losses, remain relatively stable, with short-term
refrigeration reducing losses during heat treatment.
Despite these positive characteristics, the available
data are limited in terms of the number and
coverage of factors affecting meat quality, including
specific environmental conditions and the effects
of different storage and processing methods on
bioactive components. In conclusion, Black Sea
bivalve molluscs appear to be a safe and functional
food product with high biological value, although
additional systematic studies are needed to clarify
the seasonal, environmental, and technological
factors that influence their chemical composition
and functional properties.
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