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ABSTRACT
Marine bivalves are characterized as high nutritional,

easily digestible food, low calories but high in proteins.
The activity of biologically active substances in shellfish
from the Black Sea region is very poorly studied. A small
number of publications devoted to the functional activity
of tissue and/or extracts from Black Sea shellfish are found
in the literature. The main scientific objective of the project
is to study the quality and functional potential of three spe-
cies of Black Sea bivalves: black mussel (Mytilus gallo-
provincialis), striped venus clam (Chamelea gallina) and
wedge clam (Donax trunculus). Seafood nutrition data is
needed to assess their contribution to nutrient intake of in-
dividuals and populations but also to the development of
nutrition guidelines as well as for labelling purposes. Spe-
cific information on the nutrient content of regional foods,
including seafood, is the basis of a number of food strate-
gies and policies, and increasingly in the fields of agricul-
ture, fisheries and aquaculture. In many cases, this data may
help specialized public authorities and public organizations
with regard to food quality and related costs, as well as de-
veloping adequate strategies and policies aiming to improve
the nutritional literacy of the population and solve issues of
malnutrition and prevention of socially significant diseases
(chronic non-communicable diseases, CND) with the help
of wholesome foods, such as bivalves.
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BACKGROUND
Marine shellfish are characterized as easily digest-

ible food, low in calories, but nutrient-dense. According to
the Food and Agriculture Organization (FAO), the absorp-
tion coefficients of proteins and lipids contained in the ed-
ible tissue of shellfish are above 0.9, which indicates their
high nutritional value. Although the lipid content is low, so
far, this group of primary metabolites has shown the highest
potential to develop commercially significant functional
foods and nutritional supplements. The predominant polar
lipids rich in polyunsaturated fatty acids (PUFA) increase

the quality of shellfish as nutraceuticals. Contemporary stud-
ies show the potential of bivalves as a very good source of
antioxidants (phenolic compounds) exhibiting antimicro-
bial activity.

Specific information on the nutrient content of re-
gional foods, especially seafood, is on the basis of a number
of government food strategies and policies. Data may help
specialized public authorities and organizations with re-
gard to food quality and related costs; developing adequate
strategies and policies aiming to improve the nutritional
literacy of the population; and solve issues of malnutrition
and prevention of socially significant diseases (chronic non-
communicable diseases, NCD) with the help of wholesome
foods, such as shellfish. According to the World Health Or-
ganization (WHO), unhealthy eating patterns are among the
major risk factors for cardiovascular disease (CVD). CVDs
are among the main causes of morbidity and mortality of the
population in developed countries. The spread of the NCD
is epidemic (CVD in particular), which increases their nega-
tive impact on the socio-economic development of socie-
ties [1]. In 2010 CVDs account for 67.5% of the deaths in
Bulgaria. In 2013, the Council of Ministers of the Republic
of Bulgaria adopted a National Program for Prevention of
Chronic Non-Communicable Diseases 2014-2020. There are
serious nutritional challenges in our country which give
rise to the need to undertake activities to support a healthy
diet and ensure safe and healthy food for the entire popula-
tion.

Shellfish are used mainly as food, but there are nu-
merous products sold worldwide as high-value nutraceuticals
[2]. Studies have shown that lipid extracts and freeze-dried
mussel powder of mussels have numerous health benefits,
including the ability to reduce inflammation [3-7].

In Bulgaria, there are three commercial shellfish spe-
cies – black mussel (Mytilus galloprovincialis), striped venus
clam (Chamelea gallina) and wedge clam (Donax trunculus).
These Black Sea species can be valuable sources of biologi-
cally active substances for Bulgarian consumers due to the
fact that they are sustainable species applicable to aqua-
culture. The aim of this study is to determine the quality
and functional potential of three species of Black Sea
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bivalves: black mussel (Mytilus galloprovincialis), white
sand clams (Chamelea gallina and Donax trunculus).

BLACK SEA SHELLFISH
Mytilus galloprovincialis
The Mediterranean mussel Mytilus galloprovincialis

is a species of great economic importance in the Black Sea
region. According to the Executive Agency for Fisheries
and Aquaculture (EAFA), Mytilus galloprovincialis is the
only representative of the Phylum Mollusca, subjected to
the aquaculture sector in Bulgaria. The number of existing
Black Sea mussel farms is 45 with a total production of
2520 tons in 2014 [8]. During the last two years the chemi-
cal composition (proteins, lipids and carbohydrates), the
fatty acid profile, the content of fat-soluble vitamins (A, E
and D

3
), cholesterol and carotenoids of cultivated black

mussel from the Bulgarian coast were studied. The sea-
sonal changes for the described compounds have been fol-
lowed, and it has been found that this species has valuable
nutritional qualities and is recommended to be included
in various diets. It is estimated that 100 g of Mytilus gallo-
provincialis delivers more than 150% of the recommended
daily intake (RDI) of long-chain omega-3 PUFA (0.97g per
100g of edible portion), more than 55% of vitamin D

3
 RDI

and high amounts of β-carotene and astaxanthin [9-12].

Chamelea gallina
Striped venus clam (Chamelea gallina) is widespread

in the Mediterranean basin and also abundant throughout
the Aegean, Black and Azov Seas [13]. There are only a few
studies on the chemical composition of this species har-
vested in the Adriatic [14] and the Marmara Sea [15].

Donax trunculus
Recently more and more attention has been paid to

wedge clam (Donax trunculus) along the Bulgarian Black
Sea coast. The species is characterized as a very good source
of protein and PUFA [16, 17]. Yet, literature data lack of

information on the chemical composition of Chamelea
gallina and Donax trunculus from the Black Sea which raises
the need for systematic studies on their quality as food al-
ternatives of black mussel and species rich in functionally
active compounds with high potential for cultivation in the
Black Sea waters.

PRELIMINARY RESULTS
Proximate composition
Table 1 presents the proximate composition (proteins,

carbohydrates and lipids) of the studied species. Proteins
were the major macronutrients in investigated Black Sea
shellfish. The black mussel showed two folds higher protein
content, compared to the white clams. Chamelea gallina
showed the lowest carbohydrate and highest lipid content.
Based on the reported protein levels, all species can be clas-
sified as “high in protein” [18]. Some authors have sug-
gested that protein content is correlated with mussels’ re-
productive cycles and environmental conditions [19]. M.
galloprovincialis from Bulgarian coast showed the differ-
ent protein levels [10] compared to the same species inhab-
iting the Romanian and Turkish parts of the Black Sea [20,
21]. Both lipids and carbohydrates are energy supplying
macronutrients, therefore their contents are related mainly
to shellfish reproductive cycle. Their composition varies
significantly throughout the year and in different habitats.
This explains the differences in carbohydrate contents re-
ported for mussels from different parts of the Black Sea [20,
21]. On the other hand, scientific literature lacks informa-
tion on the other two species - Chamelea gallina and Donax
trunculus, in terms of their chemical composition [14, 17].
Lipids are minor constituents of shellfish meat. Their amount
and composition are strongly species specific, but also in-
fluenced by different factors acting simultaneously and pro-
voking temporary changes in lipid content. Despite that,
presented results characterize edible Black Sea shellfish as
species with low lipid content.

Table 1. Proximate composition of Mytilus galloprovincialis, Chamelea gallina and Donax trunculus

Shellfish species Proteins Carbohydrates Lipids Reference

Mytilus galloprovincialis 17.4–19.9 g/100g ww 2.0–2.7 g/100g ww 1.4–2.9 g/100g ww [10]

Chamelea gallina 8.51–9.7 g/100g ww 0.7–1.6 g/100g ww 2.2–5.0 g/100g ww [14]

Donax trunculus 8.13–10.61% of ww 2.31–3.18% of ww 0.69–1.33% of ww [15]

Fatty acid composition
Until now, lipids are the primary metabolites from

shellfish that have shown the highest potential for com-
mercial functional foods and additives. Although oily fish
is considered the main source of long-chain omega-3 PUFA,
shellfish could be a sustainable, alternative source of these
fatty acids. Moreover, lipid classes present in shellfish oil
comprise neutral, polar lipids, sterols and sterol esters, vi-
tamins and carotenoids. In contrast to other species, the
amount of available information on lipid composition from

the studied species is comparably small. However, lipid ex-
tracts of Mytilus species exhibited anti-inflammatory [5],
anti-tumour effects [6] and wound healing properties [7].

Fatty acid composition of the studied species is pre-
sented in Table 2. In mussels’ tissues, fatty acids (FA) are
derived mainly from diets or through biosynthesis. The FAs,
especially essential fatty acids (EFA) are intricately related
to crucial physiological and biochemical processes in liv-
ing organisms.
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It is known that aquatic organisms such as mollusks
are primary sources of ÅFAs, therefore determining the FA
profile of bivalves could help us to better understand the
beneficial potential of their lipids. In addition, the growing
interest in new sources of essential fatty acids necessitates
the exploration of poorly studied marine species such as the
white clams C. gallina and D. trunculus. In this study, the
FA profile of the three species presented a similar distribu-
tion: PUFA>SFA>MUFA. The high quality of bivalve lipids
is well demonstrated by the prevalence of PUFAs group in
total lipids fractions in all species. Moreover, the physiologi-
cally active n-3 FAs accounted between 63% and 85% of
total PUFA and up to 65% of total FA in studied species.
The well-known functional activities of these FAs are related
with their platelet anti-aggregation and anti-thrombotic ef-
fects, hypocholesterolemic and blood pressure-reducing
properties [5, 14, 15]. In addition, the low levels of n-6
PUFAs significantly increase the benefits of mollusks lipids,
due to low n-6/n-3 ratio, which could influence positively
cardiovascular diseases (CVD). The WHO recommends the
replacement of high SFA intake with PUFA or MUFAs, pref-
erably from seafood origin in order to decrease the n-6/n-3
ratios [1]. Besides n-6/n-3, another important key ratio is
PUFA/SFA, which is used for nutrition quality assessment,
proposed as a measure of the tendency of the diet to affect
the incidence of CVD. The presented results for both impor-
tant key indicators (Table 2) well illustrated the beneficial

Table 2. Fatty acid composition (% of total FA) of Mytilus galloprovincialis, Chamelea gallina [14] and Donax
trunculus [17]

 Mytilus galloprovincialis Chamelea gallina Donax trunculus

SFA 19.8–41.7 29.1–39.3 25.8–34.7

MUFA 5.5–18.9 14.2–23.4 12.6–19.2

PUFA 47.1–71.9 41.6–48.1  31.6–46.2

n-3 36.5–64.8 33.7–41.9 19.5–34.9

n-6 1.8–11.5 3.61–9.07 5.6–9.7

n-6/n-3 0.06–0.51 0.10–0.22 0.27–0.29

PUFA/SFA 1.1–3.5 1.22–1.43 1.22–1.33

SFA – saturated fatty acids; MUFA – monounsaturated fatty acids; PUFA – polyunsaturated fatty acids; n-3 –
omega-3; n-6 – omega-6

nutritional quality of studied species. According to the De-
partment of Health [22] recommended a PUFA/SFA ratio
within the range: 0.5 - 4.0. Low n-6/n-3 and high PUFA/SFA
ratios in bivalve mollusks could synergistically increase the
options of establishing a healthy and well-balanced propor-
tion between both biochemically active long chain PUFA
classes in the human diet, fundamental in the prevention of
non-communicable chronic diseases, including CVD.

The results for FA profile for two white clams C.
gallina and D. trunculus from the Adriatic Sea and Marmara
Sea (Table 2) confirmed the promising potential of these spe-
cies [14, 17]. The differences of FA composition found be-
tween the Black Sea mussel, and the two other species can
be explained by the fact that FAs composition of marine
mollusks depends on the environmental factors, such as tem-
perature, salinity, pollution and diet.  Moreover, the lack of
information for FA composition of the same bivalves from
the Black Sea imposes the need for detailed study of these
species. Therefore, providing new and up-to-date informa-
tion on the FA composition of C. gallina and D. trunculus
as alternative sources of EFA is very important for dietitians,
pharmacists and consumers.

Unsaponifiable lipids composition
The composition of the unsaponifiable lipid fraction

extracted from the total lipids of M. galloprovincialis and
C. gallina is presented in Table 3.

Table 3. Unsaponifiable lipid components in Mytilus galloprovincialis [unpublished data] and Chamelea gallina
[14]

Mytilus galloprovincialis Chamelea gallina

Wet weight (µg/100g)   

Vitamin A 21.1–64.0 tr

Vitamin D3 5.5–24.0 -

Astaxanthin 23.9–57.3 -

β-Carotene 318–950 1.64-31.1
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Fat-soluble vitamins, carotenoids and sterols are es-
sential metabolites for the normal growth, metabolism and
reproductive cycle of bivalves.  Carotenoids are very im-
portant nutrients since they act as a precursor of vitamin
A and participate in cell protection. These compounds can
prevent lipids from peroxidation, which characterizes a
number of degenerative diseases. Other important bio-
active compounds are phytosterols. Consumption of
phytosterols inhibits intestinal absorption of cholesterol
and thus reduce the blood cholesterol levels in the hu-
man organism. Moreover, marine bivalves could be an al-
ternative source of antioxidant compounds (such as vita-
min E, β-carotene, astaxanthin) and sterols, including
phytosterols. The carotenoid and sterol profile of bivalves
reflects their diet composition, which comprises mainly
of zoo- and phytoplankton, microalgae with their species-
specific carotenoids and phytosterols. It is known that bi-
valve molluscs have limited capacity for cholesterol syn-
thesis or bioconversion of phytosterols into cholesterol
[14]. Sterols are important components of cell membranes
and usually cholesterol is prevalent in their fraction. The
results presented for both molluscs’ sterol composition
confirmed that cholesterol is the major component (24.6-
46.4 mg/100g ww). The observed differences in the other
phytosterols, especially for brassicasterol contents can be
explained with differences in phytoplankton species, spe-
cific for the Black Sea and the Adriatic Sea. The reported
higher sterol content in black mussel supposed it good
potential as sources of these bioactive compounds. In ad-
dition, vitamin D3 content in black mussel is in the range
from 5.5 to 24 µg per 100 g ww, which supplies between
37 and 160% of the recommended daily intake [23].

The lack of information for fat soluble vitamins,
carotenoids and sterols contents in both white bivalves,
imposes the need for quantitative determination of these
biologically active compounds. In this way, the potential
of mussels as perspective sources from a pharmaceutical
and nutritional point of view can be much more thor-
oughly and comprehensively evaluated.

CONCLUSION AND FUTURE PERSPECTIVES
In past years, marine invertebrates are attracting sig-

nificant interest not only in terms of primary metabolites
- proteins, lipids and carbohydrates. The bioactive poten-
tial of smaller molecules or secondary metabolites in ma-
rine bivalves makes them even more valuable sources for
the production of functional foods and nutraceuticals. Nu-
merous scientific studies have established a direct causal
relationship between seafood consumption (shellfish) and
the reduction of the risk of socially significant CVD. This
is associated with the requirement for increased intake of
n-3 PUFA, essential elements, fat-soluble vitamins, ster-
ols and antioxidants such as carotenoids. Presented pre-
liminary results for the chemical and bioactive composi-
tion of three bivalve species described them as valuable
and promising sources. High protein content, essential
fatty acids and other bioactive compounds confirm their
promising potential for the development of health-ben-
eficial products.

There is limited or lacking information related to
the quality proximate and lipid composition of white
clams from the Bulgarian Black Sea coast. Therefore, the
implementation of the study will result in a large amount
of data related to the content of these valuable bioactive
substances in Black Sea shellfish. The expected results
of future research will provide a new data on the chemi-
cal and lipid composition, new data on the biological ac-
tivity (antibacterial, antimycotic and antioxidant poten-
tial) of Mytilus galloprovincialis, Chamelea gallina and
Donax trunculus. These data can be used in different fields
- preparation of prophylactic and specialized nutritional
regimes, nutraceuticals and pharmaceuticals. High-qual-
ity research focuses on gaining new knowledge about the
nutrient content and quality of less studied, but locally
available seafood. The three Black Sea shellfish species
can be valuable and sustainable natural sources of
bioactive compounds for Bulgarian consumers due to the
fact that they could be easily subjected to aquaculture
along our coast.

Wet weight (mg/100g)   

Cholesterol 24.6–46.4 28.3-34.2

Brassicasterol 10.2–35 1.2–8.3

Stigmasterol + Campesterol 3.7–7.9 2.7–5.2

β-Sitosterol 0.5–5.2 1.1–2.4

Vitamin E 1.4–7.7 0.48-1.16
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