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In this study fatty acid composition of liver and caviar from 10 years old great sturgeon (Beluga,
Huso huso) (n=5, average weight 50-60 kg) cultured in concrete circular tanks (8-m diameter,
1.5-m depth) at a density of 30 kg/m3 for caviar production was determined. Saturated fatty acids
(SFA) ranged from 19.08 to 21.87% of total fatty acid (TFA) being slightly higher in flesh. The
fatty acid C16:0 was the main SFA in all samples. The highest level of monounsaturated fatty
acid (MUFA) was with caviar (56.26% of TFA) followed by flesh (50.92% of TFA) and liver
(45.05% of TFA). Liver contained the highest amount of polyunsaturated fatty acid (PUFA)
(33.37% of TFA), n-3 fatty acids (15.80% of TFA) and docosahexaenoic acid (DHA; C22:6
n-3) (10.57% of TFA) (P<0.05). Caviar had the lowest content of eicosapentaenoic acid (EPA;
C20:5 n-3) and n-3 fatty acids (P<0.05) whereas no difference in the content of N-6 fatty acids
between liver, caviar and flesh was found (P>0.05).
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Introduction
Fish oil constitutes the major source of long
chain n-3 (or omega-3) PUFAs (polyunsaturated
fatty acids), including eicosapentaenoic acid (EPA)
(20:5n-3) and docosahexaenoic acid (DHA) (22:6n3) (Simopoulos, 2002; Larsen, 2010). The role of
fish oil in human health promotion and disease risk
reduction with respect to the vascular system has been
well studied (Shahidi and Alasalvar, 2011). Omega-3
fatty acids are not synthesized in the human body,
thus the inclusion of fish oil rich in those fatty acids
in food products is essential (Jabeen and Chaudhry,
2011). Due to the decline of wild fish stocks as a
result of over-fishing and habitat alternations, the
consumption of cultured fish could provide or even
more omega-3 essential fatty acids such as EPA and
DHA than wild fish for the human body (Cahu et al.,
2004).
In the Caspian Sea basin, the stock of the great
sturgeon declined rapidly due to excessive fishing
and habitat deterioration (Ercan, 2011; Ruban and
Khodorevskaya, 2011). In response to the declining
beluga stocks, commercial aquaculture production
of Caspian great sturgeon (Beluga, Huso huso)
has been started in the country and it became an
important species for sturgeon aquaculture in Iran
(Pourshamsian et al., 2012). Beluga grows fast,
has big size, and is highly appreciated for its tasty
and boneless flesh (Ghomi et al., 2012). Beluga is
*Corresponding author.
Email: abbasesmaeili45@yahoo.com
Tel: +98-1513153234; Fax: +98-1513153240

cultured in concrete indoor tanks using well water.
At the age of 3 years old, males and females are
sexed to indentify males for meat production, while
females are reserved for caviar production which is
sold at the local or international markets for human
consumption (Masoudifard et al., 2011).
Fatty acid profiles of raw flesh of several farmed
sturgeon species have been studied (Badiani et al.,
1996, 1997; Paleari et al., 1997; Garcia-Gallego et al.,
1999; Vaccaro et al., 2005; Jankowska et al., 2005).
Monounsaturated fatty acids were the dominant class
of fatty acids in some sturgeon species such as Adriatic
sturgeon, white sturgeon, Siberian sturgeon and some
sturgeon hybrid (Badiani et al., 1997; Jankowska
et al., 2005). Sturgeon species such as Siberian
sturgeon (Acipenser baerii), Adriatic sturgeon (A.
naccarii) and white sturgeon (A. transmontanus),
are reported to be the good source of n-3 essential
fatty acids with 4.8-6.54g/100 g EPA and 8.79.7g/100 g DHA (Badiani et al., 1997). However, no
information is available on the nutritional quality of
the liver, a by-product of beluga processing, based on
their fatty acid profiles and essential omega-3 fatty
acids. During the industrial processing of beluga for
caviar, by-products including liver are generated.
Fish liver oil has been known for its health benefit
(Shahidi and Alasalvar, 2011). It is widely used as
nutritional supplement because it contains vitamins
A and D, and is an important source of omega-3 fatty
acids, including docosahexaenoic acid (DHA) and
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eicosapentaenoic acid (EPA) for normal functioning
of the brain, heart and the eye (Navarro-García et al.,
2010; Amayo et al., 2014). No information regarding
the fatty acid profiles of beluga liver has been
reported. Therefore, this study aimed to measure the
fatty acid profiles of caviar and liver from beluga and
the results were compared with that of flesh.
Material and Methods
Fish samples
Beluga sturgeon (n = 5) with body weight
ranging from 50-60 kg cultured in a local beluga farm
in northern Iran (Sari, Mazandaran) were used to
measure the fatty acid profiles. The fish were cultured
for 10 years in concrete circular tanks (8-m diameter,
1.5-m depth) using well water with a relatively
constant temperature of 20ºC throughout the year at
a stocking density of 30 kg/m3. The fish were fed 2%
of body weight with a commercial diet containing
40% protein and 15% lipid. The major fatty acids of
the diet were C16:0 (18.83%), C16:1 (3.17%), C18:0
(5.04%), C18:1 (27.78%), C18:2 (27.27%), C18:3
(8.99%), C20:5 (0.59%) and C22:6 (3.48%).
Lipid extraction
Lipid was extracted according to the method
reported by Bligh and Dyer (1959). Fifty grams of
sample was homogenized in a blender for 2 min
with a mixture of 50 ml chloroform and 100 ml of
methanol. Then, 50 ml of chloroform was added
and further homogenized for 30 s. Finally, 50 ml of
distilled water was added to the mixture and blended
for 30 s. The homogenate was centrifuged (Avanti
J-E, Beckman Coulter, Inc., USA) at 4,000 rpm for 15
min at 4°C. The supernatant was then transferred into
a separating flask and the lower phase (chloroform
phase) was drained off into a 250 ml Erlenmeyer
flask containing 4 g of anhydrous sodium sulfate and
shaken vigorously. The solution was then filtered
through a Whatman no. 4 filter paper into a roundbottom flask. Rotary evaporator was used for solvent
evaporation at 25°C.
Fatty acid analysis
Fatty acid composition of the oils extracted was
determined by the method presented by Bligh and
Dyer (1959). Fatty acid methyl ester was prepared as
follows: Lipid samples (1 g) were diluted with 2 ml
of 2 M potassium hydroxide in methanol followed by
the addition of 7 ml n-hexane in a sealed tube. The
mixture was then shaken using a vortex for 1 min and
left for about 20 min in a water bath (temperature 50–
55°C) until it had separated into two phases. From

the top layer, fatty acid methyl ester was then taken
for analysis by using Trace gas chromatography (GC)
(Thermo Finnigan, Italy). The GC conditions were as
follows: capillary column (Bpx-70, 60 m, 0.32 mm,
i.d. 0.25 μm); the split ratio of 90:1; injection port
temperature of 250°C; and flame ionization detector
temperature of 270°C. Oven temperature was set
at 195°C for 75 min. The flow rate of carrier gas
(helium) was 1 mL min−1 and the makeup gas was
N2 (mL min−1). The sample size injected for each
analysis was 1 μL. The data are expressed as g/100 g
of total fatty acids.
Statistical analysis
Data were analyzed using one way analysis of
variance (ANOVA) and means were compared using
Duncan’s multiple range test using an SPSS package
(SPSS 16.0 for Windows; SPSS Inc, Chicago, IL,
USA). Data are expressed as the mean ± standard
deviation (SD) and the probability value of P < 0.05
was considered significant.
Results and Discussion
The fatty acid profiles of farmed beluga sturgeon
caviar, liver and flesh are shown in Table 1 and 2.
Caviar contained 19.08% SFA, 52.26% MUFA
and 23.86% PUFA. Liver consisted of 20.06%
SFA, 45.05% MUFA and 33.37% PUFA whereas
flesh contained 21.87% SFA, 50.92% MUFA and
25.81% PUFA. The MUFAs were found to be the
major fatty acids in caviar, liver and flesh followed
by PUFAs and SFAs. In several farmed sturgeon
species, MUFAs were the main class of fatty acids
such as the Adriatic sturgeon (Acipenser naccarii)
(47.70%), white sturgeon (Acipenser transmontanus)
(45.39%), and Siberian sturgeon (Acipenser baerii)
(44.89%) (Badiani et al., 1997) and the sturgeon
hybrid Acipenser baerii × (Acipenser baerii ×
Acipenser medirostris) (46.21%) (Jankowska et al.,
2005). Caviar contained the highest MUFAs when
compared to liver and flesh (P<0.05). Oleic acid
(C18:1n-9) was the main MUFA followed by C16:1
in all samples. Liver contained higher amounts of
MUFA (45%) than SFA (22%) and PUFA (33%).
This result is consistence with the higher content of
MUFA in balistid fish (Sufflamen capistratus) liver
oil (40.61%) reported by Immanuel et al. (2009) and
shark (Galeocerdo cuvier) liver oil (42.9%) reported
by Navarro-Garcia et al. (2000). The content of
EPA and DHA in liver oil was 1.9 and 19.57% TFA.
EPA and DHA contents in marine fish species such
as shark (Carcharhinus falciformis) liver oil were
between 4-8.57 and 21.22-26.24% TFA (Navarro-
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Table 1.Fatty acid profile of lipids extracted from caviar, liver and flesh of cultured great sturgeon

Table 2. Main classes of fatty acids of lipids extracted from caviar, liver and flesh of cultured great sturgeon

Garcia et al., 2000) and were 3.45 and 2.11% TFA in
balistid fish liver oil (Immanuel et al., 2009).
Some differences in fatty acid compositions were
noticeable among lipids obtained from caviar, liver
or flesh. Caviar had the highest amount of C18:1n-9
FAs (52% of TFA) while the highest amount of C16:1
FAs was with flesh (3.5% of TFA). Among SFAs,
palmitic acid (C16:0) (15.83-17.62% of TFA) was
the major fatty acid followed by C18:0 (1.96-2.52%
of TFA). Caviar contained slightly lower SFAs than
liver and flesh. As shown in Table 2, liver had the
highest amount of PUFAs followed by flesh and
caviar. Fatty acid C18:2n6 was the main fatty acid
in lipids derived from caviar, liver and flesh, being
the same in all samples (14.48-15.74% of TFA)
(P>0.05). It was noted that lipid from liver had the
highest contents of docosahexaenoic acid (DHA;
C22:6 n-3) (10.57% of TFA) that that from caviar
(2.63% of TFA) or flesh (5.17% of TFA). The lipids
from caviar contained the lowest eicosapentaenoic
acid (EPA; C20:5 n-3) (0.77% of TFA) while beluga

flesh exhibited the highest amount (2.42% of TFA).
The EPA (2.42% of TFA) and DHA (5.17%
of TFA) content of beluga flesh were lower than
those of other cultured sturgeon species such as the
Siberian sturgeon with 6.54% EPA and 9.7% DHA,
Adriatic sturgeon with 4.81% EPA and 8.77% DHA,
and white sturgeon with 5.55% EPA and 9.06% DHA
(Badiani et al., 1997). The differences in fatty acid
composition could be influenced by the diet fish
consumed (Ghomi et al., 2012). Higher n-6 fatty
acids was found in caviar, flesh and liver of beluga
that n-3 fatty acids. N-6/n-3 fatty acid ratio of liver,
flesh and caviar were 1.14, 1.54 and 3.2, respectively.
A significant higher content of n-3 fatty acids was
found in liver lipids (15.80% of TFA) than those
obtained from caviar (5.65% of TFA) or flesh (10.16%
of TFA) (P<0.05), resulting in higher n-3/n-6 ratio in
liver lipids (0.87). In general, the higher n-3/n-6 ratio
is preferred because from a nutritional viewpoint,
this is highly beneficial and desirable for the daily
human diet (Usydus et al., 2011).

1086

Abbas, E. M. and Hrachya, G. H./IFRJ 22(3): 1083-1086

Conclusion
The cultured beluga liver oil could potentially
be a suitable source of n-3 essential fatty acids,
especially EPA and DHA which can also add value to
the generated processing by-products and diverse the
beluga sturgeon products.
References
Amayo, K., Raab, A., Krupp, E. M. and Feldmann, J. 2014.
Identification of arsenolipids and their degradation
products in cod-liver oil. Talanta 118: 217–223.
Badiani, A., Stipa S., Nanni, N., Gatta, P. P. and Manfredini,
M. 1997. Physical indices, processing yields,
compositional parameters and fatty acid profile of
three species of cultured sturgeon (Genus Acipenser).
Journal of the Science of Food and Agriculture 74:
257–264.
Bligh E. G. and Dyer, W. J. 1959. A rapid method of total
lipid extraction and purification. Canadian Journal of
Biochemistry and Physiology 37: 911–917.
Bronzi, P., Rosenthal, H. and Gessner, J. 2011. Global
sturgeon aquaculture production: an overview. Journal
of Applied Ichthyology 27: 169–175.
Cahu, C., Salen, P. and de Lorgeril, M. 2004. Farmed and
wild fish in the prevention of cardiovascular diseases:
assessing possible differences in lipid nutritional
values. Nutritional, Metabolic and Cardiovascular
Disease 14: 34–41.
Ercan, E. 2011. A glance on sturgeon farming potential of
Turkey. International Aquatic Research 3: 117–124.
Ghomi, M. R., Shahriari, R., Faghani Langroudi, H.,
Nikoo, M. and von Elert, E. 2012. Effects of exogenous
dietary enzyme on growth, body composition, and
fatty acid profiles of cultured great sturgeon Huso
huso, fingerlings. Aquaculture International 20: 24954.
Pourshamsian, K., Ghomi, M. R. and Nikoo, M. 2012.
Fatty acid and proximate composition of farmed great
sturgeon (Huso huso) affected by thawing methods,
frying oils and chill storage. Advanced Studies in
Biology 4: 67-76.
Immanuel, G., Sathasivan, S., Selva Shankar, V., Punitha
Peter, M. J. and Palavesam, A. 2009. Processing and
characterisation of low cost Balistid fish Sufflamen
capistratus liver oil for edible purpose. Food
Chemistry 115: 430–435.
Jankowska, B., Kolman, R., Szczepkowski, M. and
Zmijewski, T. 2005. Production value, chemical
composition and color of fillets of the reciprocal
hybrid of Siberian sturgeon with green sturgeon
(Acipenser baerii Br × Acipenser medirostris Ayres).
Czech Journal of Animal Science 50: 220–225.
Jabeen, F. and Chaudhry, A. S. 2011. Chemical compositions
and fatty acid profiles of three freshwater fish species.
Food Chemistry 125: 991–996.
Navarro-García, G., Ramirez-Suarez, J.C., Quinones, E.,
Marquez-Farias, F. and Bringas-Alvarado, L. 2010.

Storage stability of liver oil from two ray (Rhinoptera
bonasus and Aetobatus narinari) species from the
Gulf of Mexico. Food Chemistry 119: 1578–1583.
Larsen, D., Quek, S. Y. and Eyres, L. 2010. Effect of
cooking method on the fatty acid profile of New
Zealand king salmon (Oncorhynchus tshawytscha).
Food Chemistry 119: 785–790.
Masoudifard, M., Vajhi, A. R., Moghim, M., Nazari, R.
M., Naghavi, A. R. and Sohrabnejad, M. 2011. High
validity sex determination of three years old cultured
beluga sturgeon (Huso huso) using ultrasonography.
Journal of Applied Ichthyology 27: 643–647.
Navarro-Garcia, G., Pacheco-Aguilar, R., Vallejo-Cordova,
B., Ramirez-Suarez, J. C. and Bolanos, A. 2000. Lipid
composition of the liver oil of shark species from the
Caribbean and Gulf of California waters. Journal of
Food Composition and Analysis 13: 791-798.
Ruban, G. I. and Khodorevskaya, R. P. 2011. Caspian
Sea sturgeon fishery: a historic overview. Journal of
Applied Ichthyology 27: 199–208.
Shahidi, F. and Alasalvar, C., 2011. Marine oils and other
marine neutraceticals. In Alasalvar, C. Shahidi, F.,
Miyashita, K. and Wanasundara, U. (Eds). Handbook
of Seafood Quality, Safety and Health Applications. p.
445-454. Blackwell Publishing Ltd.
Simopoulos, A.P. 2002. The importance of the ratio of
omega-6/omega-3 essential fatty acids. Biomedical
Pharmacother 56: 365–379.
Usydus, Z., Szlinder-Richert, J., Adamczyk, M. and
Szatkowska, U. 2011. Marine and farmed fish in the
Polish market: comparison of the nutritional value.
Food Chemistry 126: 78–84.
Vaccaro, A. M., Buffa, G., Messina, C. M., Santulli, A. and
Mazzola, A. 2005. Fatty acid composition of a cultured
sturgeon hybrid (Acipenser naccari × A. baerii). Food
Chemistry 93: 627–631.

