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Abstract

Seasonal variations of fatty acid contents in muscle tissue of one of the main food fish species in Siberian rivers, grayling, Thymallus
arcticus, were studied over 3 years. Under a comparatively low range of water temperature variations, spawning appeared to be the main
cause of seasonal changes in contents of quantitatively prominent and essential fatty acids in fish filets. In general, fish accumulated
essential polyunsaturated fatty acids (PUFA), such as eicosapentaenoic (EPA) and docosahexaenoic (DHA), in their muscle tissue before
reproductive seasons and then the PUFA seemed to be transferred into gonads during their formation. Hard roe of Siberian grayling had
3-4 times higher PUFA contents, than had that of the muscle tissue. The fish species, T. arcticus, was found to be a valuable source of the

essential PUFA, including EPA and DHA, for human diet.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Polyunsaturated fatty acids (PUFA) of the w6, and espe-
cially of ®3, family are recognized essential biochemi-
cal components of human diet. These acids prevent
cardiovascular, neural and some other diseases, and play
a very important role in ontogenesis (e.g. Aktas and Hal-
perin, 2004; Arts, Ackman, and Holub, 2001; Lauritzen,
Hansen, Jorgensen, and Michaelsen, 2001; Silvers and
Scott, 2002). Since ®3-PUFAs, such as eicosapentaenoic
(20:5 @3, EPA) and docosahexaenoic (22:6 3, DHA), are
effectively synthesized only by aquatic organisms, humans
can obtain these essential components by consuming mar-
ine and freshwater products. Food species of aquatic inver-
tebrates and fish are known to differ in their fatty acid (FA)
profiles. Apart from the species peculiarities, many organ-
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isms have seasonal variations of FA levels, and fish caught
in different seasons may have different dietetic values
(Gokce, Tasbozan, Celik, and Tabakoglu, 2004; McLean
and Bulling, 2005; Ozyurt, Duysak, Akamca, and Tureli,
2005; Ozyurt and Polat, 2006; Ozyurt, Polat, and Ozku-
tuk, 2005; Rasoarahona, Barnathan, Bianchini, and Gay-
dou, 2005; Shirai, Suzuki, Tokairin, Ehara, and Wada,
2002a; Shirai, Terayama, and Takeda, 2002b; Varljen, Bat-
icic, Sincic-Modric, Obersnel, and Kapovic, 2004). Thus,
study of seasonal dynamics of FA composition of food fish
is of importance for conclusions on their properties as a
source of the essential components for humans.

Most of studies of the seasonal dynamics, cited above,
have reported FA per cent levels in fish species. Evidently,
the data on FA composition are very interesting from a
biochemical point of view. Nevertheless, for conclusions
on fish nutritive value, information on PUFA content is
also required. For instance, in our previous study (Glady-
shev, Sushchik, Gubanenko, Demirchieva, & Kalachova,
2007), cod was found to have a comparatively high per cent
level of EPA + DHA (52%), while trout had comparatively
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low level of these PUFAs (26% of total FAs). However, the
EPA + DHA content in cod was about 0.24 g/100 g of
product, while the content in trout was about 0.59 g/
100 g of product. Thus, as a matter of fact, trout appeared
to be the most valuable food for EPA + DHA intake and,
on the basis of the comparison of these PUFAs per cent
levels only, an opposite and misleading conclusion could
be reached.

Thereby, the aim of our present work was to study sea-
sonal dynamics of FA content in one of the most common
food fish of the middle Yenisei river (Siberia, Russia), Sibe-
rian grayling. The Yenisei is the largest river in Russia, and
the local population obtains the main part of their freshwa-
ter products from the river.

2. Materials and methods
2.1. Fish samples

The fish, Thymallus arcticus Pallas, was purchased in a
local market in Krasnoyarsk city from the anglers’ morn-
ing catch. Two-four fish specimens were transported to
the laboratory and sampled on the same day. Muscle tis-
sues (fillets) below the dorsal fin were taken as the samples.
Pooled samples were prepared from two to four specimens,
males and females, 17-24 cm in length. Although, age and
sex differences in FA content evidently could occur, we
regarded the fish as a whole food source, which was repre-
sentative of the market and thus totally used by the local
population, without any age or sex differences. Normally,
samples were taken monthly, but some months were missed
through technical causes. Besides the muscle tissue, in peri-
ods of spawning, also, hard roes were taken for analysis.
Spawning of the grayling occurred in the spring (may be
shifted to early summer) and in the autumn, but roe sam-
ples were taken on four dates only.

2.2. Analysis

To measure moisture content, fillets and eggs of about
5 g, of wet weight, were taken and dried to constant weight
at 105°C. Lipid extraction and pre-treatment, and
chromato-mass-spectrometry (GC-MS) of methyl esters
of fatty acids were the same as in our previous work
(Gladyshev, Sushchik, Gubanenko, Demirchieva, and
Kalachova, 2006). Briefly, lipids from samples were
extracted with chloroform:methanol (2:1, v/v) three times,
simultaneously, with mechanical homogenization of the tis-
sues with glass beads. Before extraction, a fixed volume of
an internal standard solution (19:0) was added to the sam-
ples. Methyl esters of fatty acids (FAMEs) were prepared
in a mixture of methanol-sulphuric acid (20:1, v/v) at
90 °C for 2h. FAMEs were then analysed using a GC-
MS (model GCD Plus, Hewlett Packard, USA) equipped
with a 30 m long x 0.32 mm internal diameter capillary
column HP-FFAP. Peaks of FAMEs were identified by
their mass spectra, comparing them to those in the data

base (Hewlett—Packard, USA) and to those of available
authentic standards (Sigma, USA). To determine double
bond positions in monoenoic and polyenoic acids, GC-
MS of dimethyloxazoline derivatives of FA were used
(Makhutova, Kalachova, and Gladyshev, 2003).

2.3. Statistics

Calculations of standard errors (SE) and Student’s 7-test
were carried out in the conventional way (Campell, 1967).
Canonical correspondence analysis and one-linkage cluster
analysis were carried out conventionally (Jeffers, 1981),
using Euclidean distances. Prominent fatty acid contents
(mg/g of wet weight) were used as the axes of multidimen-
sional hyper-space. Calculations were carried out using
STATISTICA software, version 6.0 (StatSoft Inc., Tulsa,
OK, USA).

3. Results

In all the samples of muscle tissue, 59 acids were identi-
fied. Cluster analysis revealed no explicit trends in seasonal
dynamics of the overall fatty acid contents: spring,
summer, autumn and winter samples joined in small spo-
radic clusters (Fig. 1). To reveal acids with more or less
explicit seasonal trends, canonical correspondence analysis
(CCA) was carried out. Only 18 quantitatively prominent
acids (Table 1) were included in CCA. Seasonal dynamics
of quantitatively dominating acids and groups of biochem-
ically important acids, those clustered close to each other in
the two-dimensional space are depicted in seasonal graphs
(Fig. 2) together with the total FA content (Fig. 3), except
the data point of March, 2006.

A general tendency for seasonal dynamics of the fatty
acids appeared to be as follows: (1) a ‘spring’ peak of con-
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Fig. 1. Dendrogram of the cluster analysis of seasonal dynamics (March
2003-March 2006) of the contents (mg/g of wet weight) of 59 fatty acids in
muscle tissue of Siberian grayling Thymallus arcticus, from the Yenisei
river near Krasnoyarsk city (Siberia, Russia). The ordinate axis represents
Euclidean distances in 59-dimension hyper-space.



Table 1

Contents (mg/g of wet weight) of quantitatively prominent fatty acids in muscle tissue of Siberian grayling Thymallus arcticus, from the Yenisei river near Krasnoyarsk city (Siberia, Russia)

2003 2004 2005 2006

Mar May Jun Jul Aug Sep Oct Nov Jan Mar Apr Jun Jul Aug Oct Nov Dec Mar Mar Apr Jul Aug Sep Oct  Mar
14:0 0.34 025 0.12 028 0.13 0.10 0.14 020 0.08 0.15 0.11 o0.11 0.08 008 0.13 012 0.10 0.16 0.17 0.15 0.08 0.19 034 0.17 0.15
16:0 2.28 2.05 1.8 152 123 176 1.61 158 116 139 129 1.10 098 1.09 135 1.05 109 1.61 1.5 146 1.09 1.5 205 1.52 1.19
16:1* 1.00 0.52 024 0.72 030 0.60 030 040 023 037 042 020 0.18 016 032 0.17 020 030 030 029 0.15 0.38 0.74 039 0.27
16:204 0.12 0.06 0.03 0.09 0.03 0.07 0.03 004 0.02 0.03 004 0.03 002 0.02 003 0.02 002 0.02 0.03 004 0.01 0.05 0.08 0.04 0.03
16:304 0.08 0.06 0.03 0.10 0.03 0.07 003 004 0.02 0.03 003 0.01 0.0l 001 0.02 002 003 0.02 003 004 0.0l 004 0.08 0.04 0.03
18:0 0.35 030 027 024 026 028 028 029 021 030 030 029 022 024 025 046 023 030 029 021 028 034 028 027 027
18:109 1.20 1.04 039 0.89 055 091 051 0.73 054 067 074 035 039 040 071 035 048 064 064 0.66 044 0.56 1.01  0.70 041
18: 107 0.33 0.25 0.14 021 0.16 020 0.17 020 0.17 0.14 020 0.08 0.11 0.10 0.14 0.04 0.12 0.19 0.18 0.13 0.11 0.18 0.30 0.14 0.08
18:2w6 0.29 0.13 0.06 0.11 006 0.11 005 006 0.05 0.07 008 0.07 0.05 004 0.10 007 005 0.14 009 023 0.07 014 0.16 0.11 0.07
18:3w3 0.45 0.19 0.11 0.17 0.11 0.18 0.08 0.09 0.08 0.09 0.12 0.04 007 0.08 0.18 0.09 008 021 0.12 0.16 0.13 0.26 0.25 0.19 0.13
18:4w3 0.13 0.09 0.03 0.11 0.05 0.12 0.03 005 0.03 0.03 004 0.01 0.03 003 0.07 005 004 0.11 0.05 006 0.04 0.08 0.12 0.07 0.04
20:109 0.04 0.05 0.01 0.03 0.03 004 0.02 004 0.02 0.03 004 0.00 002 0.02 0.05 0.02 002 0.04 0.04 005 0.02 0.03 0.05 0.04 0.02
20:4w6 0.19 0.18 0.12 0.14 0.13 0.16 0.13 016 0.09 0.13 014 0.10 0.10 0.12 0.15 0.12 0.16 020 0.17 0.15 0.18 0.23 021 0.17 0.13
20:4m3 0.08 0.06 0.03 0.05 0.04 006 0.04 004 0.03 0.03 004 0.03 002 0.04 006 0.03 004 0.08 0.05 005 0.04 0.07 0.08 0.05 0.03
20:5m3 1.02 078 0.60 092 079 0.78 070 0.71 0.72 0.69 085 046 044 062 0.81 056 0.64 0.64 056 077 0.72 0.96 1.04 092 041
22:5w6 0.09 0.10 0.05 0.07 0.06 0.10 0.07 007 0.03 0.04 005 0.06 0.04 006 0.08 006 008 0.14 008 007 0.07 0.16 0.13  0.10 0.07
22:503 0.38 0.27 0.14 026 027 027 025 027 034 028 040 0.16 0.17 024 029 0.06 030 027 020 027 026 0.34 0.31 0.34 0.20
22:6m3 2.20 2.37 1.38 1.57 176 180 228 1.77 173 1.63 205 139 110 186 194 1.67 210 292 1.58 201 192 285 245 235 1.21
Total® 11.40 933 562 8.02 630 840 697 707 585 643 743 486 427 546 7.08 526 6.01 846 647 727 591 897 1030 8.06 4.98

07 + 9.

® For all 59 identified acids.
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Fig. 2. Results of canonical correspondence analysis of seasonal dynamics
(March 2003-March 2006) of contents (mg/g of wet weight) of 18
quantitatively prominent fatty acids in muscle tissue of Siberian grayling
Thymallus arcticus, from the Yenisei river near Krasnoyarsk city (Siberia,
Russia), represented in a two-dimensional space, reproducing 64.9% of
total inertia.

tents before and during spawning; (2) a ‘summer’ decrease
after spawning; an ‘autumn’ peak before and during
spawning; (3) a ‘winter’ decrease after spawning. As a mat-
ter of fact, these peaks and decreases cannot be attributed
strictly to the calendar months, nor to spring, summer,
autumn and winter times of the year, since the spawning
fluctuated between years from spring to early summer
and from late summer to autumn. These fluctuations were
probably caused by inter-annual climatic variations and
inter-annual peculiarities of water discharge from the
upstream dam of the Krasnoyarsk hydroelectric power
station.

The quantitatively dominating fatty acids can be sepa-
rated into two groups with peculiar seasonal dynamics.
The first group included those acids, strictly or mainly,
obtained by fish from diet: the cluster of 16-UFA
(16:107 + @9, 16:204, 16:304), the cluster of 18-PUFA
(18:2w6, 18:3w3, 18:4w3) and EPA (20:5w3) (Fig. 2). This
group had an additional summer peak in 2003, probably
caused by very favourable feeding conditions, and compar-
atively smooth summer decrease in the other years (Fig. 3).
The second group included acids, mainly synthesized by
fish: palmitic acid (16:0) and DHA (22:6w3) (Fig. 2). These
acids had a pronounced ‘summer’ minimum (Fig. 3). Acids
of the cluster of 18-MUFA (18:109, 18:1w7) and of the
cluster of ®6-PUFA (20:4w6, 22:506) (Fig. 2), originating
from both of these sources, had both the above tendencies
in their seasonal dynamics in different years (Fig. 3).

The moisture content in muscle tissue was, on average,
77.4 £ 0.2%. In roe, the moisture was 62.6 & 0.3% and dif-
fered significantly from that of muscle tissue, = 37.2,
p <0.001.

The same 59 fatty acids were identified in roe samples.
Contents of the quantitatively prominent 18 acids in roe
are given in Table 2. Average contents of each quantita-
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Fig. 3. Seasonal dynamics (March 2003—-October 2005) of contents (mg/g
of wet weight) of quantitatively dominating acids and sums of bio-
chemically related acids, those clustered close to each other in the
two-dimensional space (see Fig. 2). 18-MUFA (monounsaturated fatty
acids) — sum of 18:1m9 and 18:1w7; 16-UFA (unsaturated fatty acids) —
sum of 16:1w7, 16:204 and 16:304; 18-PUFA (polyunsaturated fatty
acids) — sum of 18:2w6, 18:3w3 and 18:4w3; w6 PUFA — sum of 20:4®m6 and
22:5m6, EPA (eicosapentaenoic acid), DHA (docosahexaenoic acid). Data
on muscle tissue of Siberian grayling Thymallus arcticus, from the Yenisei
river near Krasnoyarsk city (Siberia, Russia).

tively prominent acid in roe and in muscle tissue were com-
pared using the Student’s 7-test. Average contents of all the
acids, except 16:2w4 and 16:3w4, and the total FA content
were significantly higher in roe, than in muscle tissue
(Table 2).

4. Discussion

According to our data, spawning was the main cause of
the seasonal variations of contents of many fatty acid spe-
cies in muscle tissue of Siberian grayling. In general, before
spawning, in early spring and late summer, fish accumu-
lated essential fatty acids in their muscles. We analyzed
muscle tissue only, while the accumulation is known often
to take place in other tissues and organs, e.g. in liver
(Rodriguez et al., 2004; Saito et al., 2005). Nevertheless,
according to our data, the pre-spawning accumulation
was conspicuous also in the muscle tissue. Moreover, in
another work, we have revealed a high content of storage
lipids — triacylglycerols (TAG) in muscle tissues of Siberian
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Table 2

Contents (mg/g of wet weight) of quantitatively prominent fatty acids in hard roe and muscle tissue (means from Table 1) of Siberian grayling Thymallus

arcticus, from the Yenisei river near Krasnoyarsk city (Siberia, Russia)

Roe Muscles t
Sep 2003 Mar 2005 Jun 2005 Mar 2006 Mean =+ SE Mean =+ SE

14:0 0.77 0.63 0.41 0.75 0.64 & 0.08 0.16 & 0.01 "5.68
16:0 5.11 6.26 3.90 5.96 531 £0.53 1.44 +0.07 727
16:1* 1.42 1.63 0.85 2.08 1.50 4+ 0.26 0.37 & 0.04 434
16:204 0.06 0.11 0.03 0.16 0.09 + 0.03 0.04 +0.01 1.67
16:304 0.01 0.02 0.01 0.10 0.04 & 0.02 0.04 =+ 0.00 0.01
18:0 0.98 1.42 0.73 1.58 1.18 £ 0.20 0.28 & 0.01 4,57
18:109 2.52 3.98 1.87 2.76 2.78 4+ 0.44 0.64 =+ 0.05 483
18:107 0.60 1.01 0.51 0.61 0.68 +0.11 0.16 & 0.01 468
18:206 0.23 0.71 0.30 0.39 0.414+0.11 0.10 & 0.01 2.89
18:303 0.31 1.03 0.46 0.93 0.68 +0.18 0.15 +0.02 "3.05
18:43 0.21 0.40 0.33 0.25 0.30 & 0.04 0.06 & 0.01 5,54
20:109 0.15 0.21 0.11 0.23 0.17 4 0.03 0.03 =& 0.00 510
20:406 0.75 1.36 0.71 0.83 0.9140.15 0.15 £ 0.01 *4.99
20:403 0.17 0.41 0.25 0.26 0.27 4 0.05 0.05 =+ 0.00 446
20:503 3.07 4.54 1.78 3.26 3.16 + 0.56 0.72 + 0.03 4.32
22:506 0.26 0.46 0.27 0.33 0.33 4 0.05 0.08 & 0.01 536
22:503 0.73 1.62 0.47 1.06 0.97 4 0.25 0.26 & 0.02 2.87
22:603 5.73 11.84 5.70 7.14 7.60 £ 1.45 1.92 +0.09 391
Total® 24.55 39.58 19.65 30.53 28.58 +4.29 6.64 +0.32 510
SE — standard error, ¢ — Student’s test for the degree of freedom d.f. =27.

2 w7+ 9.

® For all 59 identified acids.

* p<0.01.

™ p <0.001.

grayling (Sushchik, Gladyshev, Kalachova, Makhutova,
and Ageev, 2006). Other authors have also reported a high
content of TAG in dorsal fillets of some other fish species
(Shirai et al., 2002a). Our studies were focussed on the mus-
cle tissue because it is the main part of fish used for human
consumption.

Fatty acids, which were accumulated in fillets of Sibe-
rian grayling, then seemed to be transferred to gonads dur-
ing their formation, as was revealed by some other authors
for another fish species (Gokce et al., 2004; Luzzana et al.,
1996). Indeed, contents of all important fatty acids were
significantly higher in roe than in muscles (Table 2). We
analyzed muscle tissue of pooled samples, both males and
females, but took the results into account only for the com-
parison hard roe of females. Nevertheless, male gonads
(soft roe) during the formation are also believed to take
many fatty acids from the other fish tissues. Thus, during
and after spawning, the contents of essential fatty acids
in muscle tissue decreased.

Many authors have reported pronounced changes in
fatty acid composition of muscle tissues of fish in reproduc-
tive seasons (Gokce et al., 2004; Shirai et al., 2002a), as in
our study. Nevertheless, the seasonal changes in lipids of
aquatic animals could also be due to temperature and food
(McLean and Bulling, 2005; Ozyurt et al., 2005; Shirai
et al., 2002b). We also found that acids, strictly or mainly
obtained by fish from diet, including EPA, had peculiar
seasonal dynamics, with summer peaks, probably caused
by favourable feeding conditions. Water temperature in
the studied section of the Yenisei river varied compara-

tively slightly, from about 0 °C in winter to 10 °C in sum-
mer, and seemed to provide no explicit effect on FAs
(Fig. 3).

Dynamics of DHA in our study differed from those of
EPA, as in some other studies (Ozyurt et al., 2005; Rasoa-
rahona et al., 2005). This difference may have occurred
because EPA was primarily obtained by the grayling from
food, while a significant part of the DHA could be synthe-
sized by the grayling species (Ahlgren, Carlstein, &
Gustafsson, 1999; Sushchik et al., 2006). Content of
DHA in grayling food, zoobenthos, in the Yenisei river
was previously found to be very low (Sushchik et al.,
2006). DHA was the dominant fatty acid in the grayling
muscle tissue and roe; its content, on average, exceeded
that of the other quantitatively important dominant FA,
16:0 (Tables 1 and 2).

Average contents of the essential PUFAs, EPA and
DHA, of Siberian grayling were practically the same as
those of European grayling, Thymallus thymallus L. (Ahl-
gren, Blomqvist, Boberg, and Gustafsson, 1994; Ahlgren
et al., 1999). Moreover, the contents of EPA and DHA
in grayling were about twice higher than those of many
common freshwater fish, such as roach, bream, carp, tench,
perch and burbot (Ahlgren et al., 1994).

5. Conclusions
Siberian grayling, T. arcticus, is a valuable source of the

essential PUFAs, including EPA and DHA, for human
diet. During reproduction periods, normally in spring
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and autumn, contents of PUFA in muscle tissue (dorsal
filets) of the grayling decrease, and fatty acids are probably
directed to gonad lipids. Hard roe of Siberian grayling has
significantly higher essential PUFA contents, than has
muscle tissue, and the roe is also a very valuable product
for human nutrition.
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