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Abstract. The study reveals the results of the analysis of fatty acid composition of muscle, liver and gonad
tissues of the whitefish Coregonus lavaretus L. of different ages from lakes Lovozero and Umbozero of the
Kola Peninsula. The analysis of fatty acid composition in organs and tissues allows to evaluate the
physiological characteristics of the organism. It was found that the content of monoenoic fatty acids in the
muscles of the whitefish from lake Lovozero is higher than that of the whitefish from Umbozero. It is
probably due to the features of the food base of the objects studied. In the muscles of immature whitefish of
lake Umbozero the content of polyenic fatty acids is higher compared to the fish from Lovozero. The
content of PUFA significantly increases in the mature whitefish from Umbozero lake perhaps due to the
temperature regime in water bodies and different rates of motor activity of fish. Lower levels of PUFA in
the liver of the whitefish from Lovozero lake may indicate reduced metabolism in hepatocytes. In the
gonads of female whitefish from the studied water bodies, the content of saturated fatty acids is low
compared to the polyene fatty acids which is characteristic for the viscosity reduction in the membranes of
oocytes.

for analysis consisted of tissue or organ samples taken
from 3 samples of the same age.

Total lipids were extracted from the tissues and
organs by Bligh—Dyer method [2]. After direct
transesterification of lipids in methanol [3] methyl esters
of fatty acids were separated  using gas-liquid

1 Introduction

A significant criterion for evaluating the physiological
state of fish is the analysis of fatty acid composition.
During the first years of life cycle, fatty acid
composition of tissues and organs changes, ensuring the

adaptation of fish to the environmental changes.

The increased content of polyenic fatty acids in
lipids, unlike monoenic and saturated, is related with the
increase in the level of fish mobility, as well as decrease
in temperature of the environment. Fatty acids provide
the integrity of cell membranes and determine membrane
permeability, the activity of membrane-bound enzymes
[1].

The study analyzes fatty acid composition of muscle
tissue, liver and gonads of females of a valuable
commercial species — whitefish Coregonus lavaretus L.
from Lovozero and Umbozero Lakes of the Kola
Peninsula.

2 Methods and equipment

The object of study is whitefish Coregonus lavaretus L.
from lakes Lovozero and Umbozero of the Kola
Peninsulas at the age of 3+ (pre-mature) and 5+
(mature).

The material for analysis is muscle and liver tissues
(3+ and 5+) and gonads of female whitefish (5+). The
whitefish were caught in late June — early July. Samples
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chromatograph "Chromatec Crystal - 5000.1" (Russia).
Polyethylene glycol adipate (15 %) was the liquid phase,
helium was the gas carrier, its flow rate was 30 ml/min.
Behenic acid (22:0) was used as an internal standard for
the identification of fatty acids.

Using generally accepted methods with probability
belief p < 0.05, statistical processing of the measurement
results was performed [4].

3 Results and discussion

The main components of the fatty acid (FA) pool in the
whitefish from Lovozero and Umbozero lakes are
palmitic, stearic, palmitoleic, oleic, linoleic, linolenic,
arachidonic, eicosapentaenoic and docosahexaenoic
acids (Tables 1, 2).
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18:3(n-3) 1,29 1,52 1,53 129 | 138
/18:2(n-6)

Differences in the distribution of fatty acids in the
tissues of whitefish of the two reservoirs are indicative.

The content of monoenoic fatty acids (MUFA) in the
muscles of the whitefish from lake Lovozero is higher
(up to 36.1% of the total content of fatty acids) than in
the whitefish from Umbozero (to 27.4 %) (Figure 1). It is
known that most monoenoic fatty acids are of dietary
origin [5], so these differences may be associated with
the characteristics of forage of the objects studied:
Umbozero is an ultraoligotrophic lake while Lovozero is
an oligotrophic one [6, 7, 8]. Oleic acid is dominant
among MUFA in all objects tested. It is found that 18:1
FA among monoenoic is the most important for the
temperature adaptation of fish and is a source of
metabolic energy [9, 10].

A higher content of MUFA in the liver (to 44.3 %) is
found in the whitefish from Lovozero lake, this provides
for the reduction of metabolism in hepatocytes,
associated with the increased biomebrane viscosity of
[1].

In the muscles of the immature whitefish from lake
Umbozero the content of polyenic fatty acids (PUFA)
was higher (39.1 %) than in the whitefish from Lovozero
(30.1 %). Moreover, the level of PUFA significantly
increases (to 51.7 %) in the mature fish from Umbozero
(Figure 2). This is probably due to the features of the
temperature regime in the reservoirs. Umbozero is a
deep and slightly-warmed lake in contrast to Lovozero
lake [6, 7, 8]. It is known that the unsaturation of lipids
in organs and tissues increases with decrease in the
temperature of fish habitats [11]. As stated by many
researchers, the increase in the content of polyenic fatty
acids occurs with the increase of physical activity [11,
12, 13]. Thus, the peculiarities of the content of PUFA
can be associated with active swimming of the whitefish
in cold water of lake Umbozero.

A lower level of polyenic fatty acids in the liver of
the whitefish of lake Lovozero (to 24.5 %) compared to
the whitefish from Umbozero (51.8 %) is defined. Since
fatty acids provide necessary fluidity and permeability of
the membranes of hepatocytes, this may indicate a
change in permeability of biological membranes in the
liver of the whitefish from Lovozero, and, as a
consequence - the decrease in aerobic metabolism in
hepatocytes.

The total content of saturated acids (SFA) in the
muscle and liver tissues of the whitefish from Lovozero
is above (up to 37.2 %) than from Umbozero lake due to
the dominance, of palmitic acid (Figure 3). The ratio
16:0 FA is known to be crucial in the metabolism of
SFA in fish [11]. With age, the level of SFA reduces to
21.2 % in the muscles of the fish from lake Umbozero.

In the gonads of the whitefish females from the two
water bodies, the content of saturated fatty acids is low
(up to 16.3 %) compared to the polyenic fatty acids (up
to 52.2 %), this indicates the reduction of the membrane
viscosity, which is necessary for optimal entrance of the

components inside the oocyte during the process of
gonad maturation.
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Fig. 2. The content of PUFA in tissues (organs) of whitefish,
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Fig. 3. The content of SFA in tissues (organs) of whitefish, %.

High values of (n-3) polyunsaturated fatty acids and,
accordingly, such factors as (n-3)/(n-6) and 18:3(n-
3)/18:2(n-6) for the muscles (1.64 and 1.53, respectively)
and the liver of the mature whitefish from lake
Umbozero (2.52 and 1.85) and gonads of the fish from
both lakes (tab. 1 and 2) are found. This indicates
increased fluidity of biomembranes of the cells and
acceleration of metabolism [13].

In the family of (n-3) PUFA eicosapentaenoic (EPA)
and docosahexaenoic acids (DHA) were dominant, and
among (n-6) polyunsaturated fatty acids was
arachidonic, which are essential for fish and must be
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obtained from food [14]. In the muscle and liver of the
whitefish from lake Umbozero the content of these acids
is higher compared to the whitefish from Lovozero.
Increased DHA content in fish muscle is associated with
increase in their motor activity [11, 15], and it is also
known that fatty acid participates in the regulation of
physical and chemical state of cell membranes and
activity of membrane-bound enzymes [12]. There is a
high  concentration  of  eicosapentaenoic  and
docosahexaenoic acids in the gonads of the female
whitefish from both reservoirs, which in case of the
embryos is probably associated with their need in fatty
acids.

4 Conclusion

1. The content of monoenoic fatty acids in the muscle
tissue of the whitefish from lake Lovozero is higher (up
to 36.1 %) than that of the whitefish from Umbozero (up
to 27.4 %), which is probably due to the features of the
food base of the objects studied.

2. In the muscles of the immature whitefish from lake
Umbozero, a higher level of polyenic fatty acids (39.1
%) was found compared to the whitefish from Lovozero
lake (30.1 %). Moreover, the content of PUFA increases
significantly in the whitefish from Umbozeroto to the
mature state, probably, associated with the features of
the temperature regime in the water bodies and various
rates of fish motor activity.

3. A lower level of PUFA in the liver of the whitefish
from Lovozero (up to 24.5 %) compared to the whitefish
from Umbozero (51.8 %) may indicate a metabolic
decrease in hepatocytes.

4. In the gonads of the whitefish females from the
water bodies studied, the content of saturated fatty acids
is low (up to 16.3%) compared to polyenic fatty acids
(up to 52.2 %), which is characteristic for a decrease in
the viscosity of oocyte membranes.

5. Essential fatty acids, especially (n-3) PUFA,
prevail in the muscle tissue and liver of the whitefish
from lake Umbozero and in fish gonads from both
reservoirs. The increased content of docosahexaenoic
acid in the muscle tissue of fish is associated with the
increase in their motor activity, DHA is involved in the
regulation of the physicochemical state of cell
membranes.

6. The primary role of fatty acids in the whitefish
organs and tissues is participation in adaptive
mechanisms developed as a result of adaptation of this
species to various environments.
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