Chemistry for Sustainable Development 17 (2009) 15-20 15

UDC 591.133.31:597.553.2(282.256.341)

Lipid Status and Fatty Acid Spectrum
of the Black Baikalian Grayling
Thymallus arcticus baicalensis Dybowski, 1874

O. YU. GLYZINA', E. V. DZYUBA', N. A. LATYSHEV?, V. V. SMIRNOV?3, G. A. FEDOROVA',
A. V. GLYZIN? and T. N. BASHARINA'

"Limnological Institute, Siberian Branch of the Russian Academy of Sciences,
Ul. Ulan-Batorskaya 3, Irkutsk 6640333 (Russia)

E-mail: glyzina@lin.irk.ru

2Zhirmunsky Institute of Marine Biology, Far East Branch of the Russian Academy of Sciences,
Ul. Palchevskogo 17, Vladivostok 690041 (Russia)

3Baikal Museum, Irkutsk Science Centre of the Russian Academy of Sciences,
Ul. Akademicheskaya 1, Listvyanka, Irkutsk 664520 (Russia)

(Received June 4, 2008; revised September 24, 2008)

Abstract

For the first time the content of various classes of lipids and fatty acids in muscles and liver of the
black Baikalian grayling Thymallus arcticus baicalensis Dybowski, 1874 was determined. It has been re-
vealed that in all tissues under investigation there are neutral lipids (triglycerides) prevailing, whereas
the content of phospholipids in red muscles is twice lower as compared to their content in white muscles.
Among fatty acids of the total lipids in all the organs there are polyunsaturated acids (44.58—53.7 %) and
saturated (19.06—30.94 %) acids prevailing. Polyunsaturated acids are mainly presented by acids 22:6n-3
and 20:5n-3 whose total fraction amounts to 19.5-39.1 %. The n-3/n-6 ratio between fatty acids of the
mentioned series depends on tissue kind and varies within the range of 2.19—4.02. For the lipids of white
muscles, the fraction of polyunsaturated fatty acids is higher at the expense of docosahexaenoic acid.
Due to the total fat content and the balanced n-3/n-6 ratio between polyunsaturated fatty acids of corre-
sponding series in the muscular tissue, the black Baikalian grayling could be use as a high-quality raw
material for developing the dietary and specialized kinds of foodstuff as well as biologically active sup-
plements.
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INTRODUCTION

The role of polyunsaturated fatty acids (PUFA)
in the nutrition of a human and in the prophyl-
axis of many systemic diseases is well-known
[1]. A special place among them is occupied by
fatty acids of n-3 and n-6 series (w3 and w6
fatty acids), since they represent precursors
of eucosanoids participating in the major physio-
logical and biochemical processes in a human
organism [2]. The diet of euhominids is basi-
cally characterized by the prevalence of fats
from land mammals wherein n-6 PUFA are
inherent.

Lipids of aquatic organisms differ from tho-
se of land animals and plants, particularly, in
fatty-acid composition. For normal functioning
of a human organism the acids belonging to n-3
series such as eucosapentaenic acid (20:5 n-3,
EPA) and docosahexaenic acid (22:6 n-3, DHA)
are required those are synthesized in aquatic
organisms, mainly in micro-algae [3]. These
acids enter through food chains into higher tro-
phic levels whose terminal unit is presented
by a human being. Until recent time the lipids
of fresh-water fish species were of no inte-
rest as an object of biochemical research, since
sea fishery satisfied population’s requirements
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for essential PUFA of series n-3 [4, 5]. Howe-
ver, for midland areas the problem of PUFA
food sources is of urgent importance, which
determines an increased interest with respect
to biochemical studies concerning fresh-water
fishes. They differ from sea fishes [6] in the
content of lipids (in particular, in the n-3/n-6
PUFA ratio) which depends on fishes’ feeding
sources.

The contribution of fresh-water fish used
to the dietary intake of the population of Eas-
tern Siberia is great enough, however the ma-
terials concerning biochemical studies on the
Baikal fishes are not numerous. Detailed charac-
teristics of lipids and fatty acids (FA) is pre-
sented only for Baikal pelagic bullhead fishes
[7—9] those do not represent commercial spe-
cies, whereas the features of fat accumula-
tion in black Baikalian grayling and Baikalian
omul are described by the authors of [10—12].
In this connection the studies concerning nut-
ritional value and fatty-acid composition of the
Baikal Lake food fishes has of currently cent-
ral importance.

The representatives of family Thymallidae
live in almost all fresh-water reservoirs (rivers
and lakes) of the northern hemisphere; in some
countries they serve as objects of aquiculture
[13]. The results of biochemical studies concern-
ing graylings living in water reservoirs of Si-
beria have demonstrated that the composition
of lipids includes essential PUFA, in particu-
lar 20:5n-3 and 22:6n-3 species [14]. The black
Baikalian grayling dominates within the littoral
zone of the Baikal Lake being of local fishing
importance [15, 16]. Detailed characteristics of
the lipids and FA of this species is significant
both for the estimation of the food value the
black Baikalian grayling, and for establishing
its role in the lake ecosystem. The purpose of
the present investigation consisted in the de-
termination of the lipid status [17] and FA spec-
trum for the black Baikalian grayling.

EXPERIMENTAL

Gathering the material was performed with-
in the water area of the Southern Baikal in
the region of the Bolshiye Koty settlement and
Berezovy cape in May—June, 2005. Graylings
were caught using an entangling net with

14—24 mm mesh. The total length of fishes se-
lected for the analysis ranged within 145-
276 mm. Females and males were analyzed
separately. As the material for the studies we
used liver as well as red and white muscles
of immature individuals. Fishes were prepared
at immediately after catching, organs and tis-
sues were fixed in the chloroform/methanol
(1 : 2) mixture. The quantitative determina-
tion of total lipids was carried out according
to Bligh and Dyer method [18]. The separa-
tion of lipids into classes was performed with
the use of the method of column chroma-
tography on silica gel [19].

Methyl esters of fatty acids (MEFA) from
the total lipid extracts were obtained using the
technique by Carreau and Dubacq [20] purify-
ing them from impurities by means of thin
layer chromatography (benzene as an eluent).
The determination of MEFA was performed
using the method of capillary column gas-li-
quid chromatography, with Supelcowax-10 po-
lar phase with the help of Shimadzu 17A chro-
matograph (Japan), helium being a carrier gas.
The identification of MEFA peaks in chromato-
graphic profiles was carried out via the com-
parison of retention time values for methyl es-
ters obtained from FA standards (Sigma, the
USA) and via the calculation of equivalent cha-
in length indices [21—23].

RESULTS AND DISCUSSION
Analysis of lipids

According to the content of lipids in mus-
cles and liver (Table 1), the black Baikalian
grayling belongs to moderately fat fishes. The
fraction of lipids in white muscles is much low-
er as compared to their content in red muscles.
The amount of the total lipids in all the or-
gans of males is lower as compared to those

TABLE 1

Content of lipids in muscles and liver of the black
Baikalian grayling, % of the wet mass

Sample Males (n = 5) Females (n = 7)
White muscles 0.59+0.12 0.84+0.20
Red muscles 4.52+0.10 6.93+0.75
Liver 4.84+0.15 8.81+0.02
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TABLE 2

Structure lipid fractions in liver and muscles black Baikalian graylinga, % from a total sum of lipids

Sample Class of lipids

Neutral lipids

Glycolipids

Phospholipids

White muscles 74.37+2.05/77.36%=1.50
87.55+1.26/89.17+2.64

59.28+1.25/56.10+1.88

Red muscles

Liver

9.13%+0.75/8.45+1.12
5.65=1.08/4.49%0.62
8.36=0.91/10.321.54

15.70+3.61/12.47+2.06
6.52+1.59/5.13+0.54
29.52+0.68/32.18+2.73

Note. The first value is data for males (n = 5), the second value is that for females (n = 7).

for females. For liver of all fishes, the content
of the total lipids is higher than their content
in muscles ranging from 4.84 to 8.81 %.

Table 2 demonstrates the distribution of lip-
ids throughout the classes. The results of the
analysis of the composition of lipid classes
demonstrate neutral lipids (NL) to prevail in
all the organs. It is known, that the lipid me-
tabolism in fishes within the feeding period is
characterized by the accumulation of a signifi-
cant amount of storage lipids in the form of
triglycerides (TG) those serve as an energy
source required for fish growth and for ma-
turing genital glands [24]. The two major fac-
tors such as nutrition and development of se-
xual products promote the accumulation of TG
in fishes during the springtime period, which
is quite reasonable for immature fresh-water
fishes [9]. The analysis of the fish lipids has
been performed within the period from May
to June when the metabolism of lipids shifts
toward TG biosynthesis de novo (especially for
female individuals). Indeed, a number of pa-
pers concerning boreal fresh-water fish species
demonstrate that the content of TG increas-
es, first of all, during this period [25].

There are various mechanisms for the regu-
lation of the metabolism of membrane lipids
(phospholipids) inherent in fishes both under
the adaptation with respect to the fluctuations
of environmental factors, and under various
physiological conditions of an organism. From
data presented in Table 2 one can see that the
content of phospholipids (PL) within the feed-
ing period is higher as compared to the con-
tent of glycolipids (GL), however their distri-
bution throughout the organs and tissues is
uneven. The content of PL in the samples of
liver is more than three times higher as com-
pared to that of GL whereas the content of
PL and GL in red muscles is almost the same.

The distribution of GL and PL for males and
females is of similar character. Phospholipids
to a considerable extent accelerate the lipomet-
abolic processes in liver, and the lipids either
are used for obtaining energy, or pass into blood
and then are delivered by blood to different
tissues. Here fats could be included into struc-
tural elements of tissues, however their basic
part is deposited in fatty “depots” where they
are stored until there would appear energy re-
quirement; then the fats are carried to liver
again to be exposed to oxidation. Liver in fishes
performs mainly metabolic function, whereas in
the Baikal cisco fish species (Coregonidae) and
grayling fish species (Thymallidae), liver also
serves as a depository for carotenoids [8]. Such
situation is not inherent in other fish species. A
higher content of PL in grayling liver as com-
pared to the content of GL could be connected,
to all appearance, just with this fact, irrespec-
tive of the sexual identity of an individual.

Interesting regularities have been revealed
concerning red muscles of the black Baikalian
grayling (see Table 2). On the basis of the data
obtained one could conclude that the intensity
of metabolic processes is higher in red mus-
cles. One of the most important features of red
muscles in fishes consists in the ability to in-
volve P-oxidation of FA [26, 27]. In white mus-
cles the basic energy source is presented by
pyruvate and amino acids (within the feeding
period). Switching from one kind of the ener-
gy source to another is distinctly determined
by time being rigorously regulated [28]. Thus,
the increased content of the total lipids in red
muscles of graylings could be connected with
the feeding state of immature fishes. During
the feeding period, the longest in the annual
cycle of fishes (7—8 months), fishes actively eat,
which results in establishing a positive lipid
balance in fish body.
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TABLE 3

Content of the basic fatty acids of the total lipids in muscles and liver of the black Baikalian grayling
(percentage of the sum total for fatty acids)

Acid Males (n = 5) Females (n = 7)
Liver Muscles Liver Muscles

red white red white
14:0 1.96 6.07 3.38 157 2.99 191
15:0-i 0.20 0.83 0.39 0.19 0.57 0.49
15:0-ai - 0.44 0.27 - 0.32 0.10
15:0 0.52 0.44 0.38 0.36 0.39 0.37
16:0 2.33 10.56 6.93 20.79 14.38 19.16
16:1n-9 0.39 048 0.38 0.56 0.47 0.39
16:1n-7 2.44 758 3.2 2.24 5.58 2.75
17:0-i 0.30 0.18 - 0.24 0.24 0.16
17:0-a 0.48 0.44 0.17 0.28 0.44 0.2
17:0 0.59 1.29 0.64 041 1.02 0.38
16:3n-3 0.28 0.26 0.20 0.27 0.52 0.23
18:0 456 243 3.97 3.00 2.99 3.92
18:1n-9 8.93 14.68 9.08 10.34 15.96 10.27
18:1n-7 2.86 3.26 2.29 2.99 428 2.72
18:2n-6 2.53 7.58 3.47 1.44 4.14 2.24
18:3n-3 1.72 5.50 2.56 0.81 3.16 1.62
18:4n-3 0.70 1.78 042 0.28 1.65 0.15
20:1n-9 0.23 0.49 0.25 0.25 0.50 0.24
20:2n-6 0.49 0.60 0.35 0.30 0.53 0.26
20:3n-6 0.43 0.29 0.32 0.10 - 0.59
20:4n-6 5.92 2.92 4.26 712 3.00 5.16
20:4n-3 0.50 1.38 0.75 0.74 0.65 0.54
20:5n-3 (EPA) 5.14 4.15 7.17 482 2.61 5.85
22:4n-6 0.58 0.36 0.27 2.25 0.30 0.12
22:5n-6 1.62 2.13 2.31 2.18 2.35 2.32
22:5n-3 0.98 1.72 155 0.73 1.28 1.17
22:6n-3 (DHA) 31.55 15.34 30.23 33.46 27.03 33.25
n-3 40.87 30.34 43.02 41.24 37.09 42.94
n-6 11.57 13.88 10.98 13.43 10.32 10.69
n-3/n-6 3.53 2.19 3.92 3.07 3.59 4.02
DHA/EPA 6.14 3.70 422 6.92 10.36 5.69
SFA 30.94 22.68 26.13 26.84 23.34 26.69
MUFA 14.85 26.49 15.20 16.38 26.79 16.37
PUFA 57.82 50.83 60.09 58.38 51.41 58.38

Note. SFA — saturated fatty acids, MUFA — monounsaturated fatty acids, PUFA — polyunsaturated fatty acids.
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Analysis of fatty acids

The results of FA composition analysis for
total lipids contained in muscles and liver of
the black Baikalian grayling are presented in
Table 3. It is seen that their composition is typi-
cal for freshwater organisms (from the lower
invertebrates up to fishes).

It follows from the data concerning the con-
tent of FA in muscles that there are PUFA pre-
vailing totally in all the samples. The content
of docosahexaenoic acids (DHA) ranges within
15.34—33.46 %, and its content, as well as the
fraction of arachidonic acid (20:4n-6, AA), in
all the tissues of females is higher comparing
to that for similar tissues of males. However,
the distribution EPA exhibits an inverse cha-
racter. For the tissues of all the fishes, the
total content w-3 PUFA was almost identical.
The DHA/EPA ratio that characterizes nutri-
tional properties of aquatic organisms [23], in
all the tissues under investigation is higher for
females as compared to this parameter for ma-
les. Besides PUFA, in total lipids the fraction
of saturated FA is high, which, first of all, is
inherent in palmitic acid (16 : 0), whose con-
tent varies within the range of 10.56—22.33 %.

The analysis of FA in liver, where the ba-
sic processes occur such as utilizing the acids
supplied with food and the biosynthesis of
short-chain saturated and monoene FA has de-
monstrated that there is a considerable diffe-
rence between males and females. However,
the greatest influence upon total FA balance
in white muscles is exerted by such acids as
16:0, 20:5n3 and 22:6n3, whereas for red mus-
cles the change in the composition are deter-
mined by such acids as 16:0, 18:1n9, 22:5n3
and 22:6n3. These data confirm the occurrence
of oxidative FA metabolism in red muscles; they
are in a good agreement with the results pub-
lished earlier [29].

The n-3/n-6 PUFA ratio and the total con-
tent of EPA and DHA represent one of the
paramount characteristics of the biological acti-
vity of lipids of aquatic organisms. The mini-
mal PUFA content in the dietary intake of a
human being should range from 8 to 23 %,
whereas the optimum n-3/n-6 ratio ranges from
1:4 to 1:10 [24]. A diet characterized by a
rather high content of n-6 and a low content
n-3 PUFA, does not result in achieving required

PUFA balance necessary for normal physiologi-
cal condition of a human being [1]. In order to
overcome n-3/n-6 FA imbalance, fish fats and
the special medical preparations enriched with
n-3 PUFA are used.

CONCLUSION

The content of PUFA in tissues of the black
Baikalian grayling is two times higher than the
minimum suggested by dieticians, whereas the
optimum n-3/n-6 ratio amounts on the whole
to 4 : 1. The lipids of the black Baikalian gray-
ling represent a source of not only essential
total n-3 PUFA, but also, first of all, DHA.
Among the acids of n-3 family there are o-li-
nolenic acid, eucosapentaenic and docosahe-
xaenic acids those are contained in the Baikalian
grayling characterizing the latter as a fish with
high dietary parameters. Low EPA and DHA
level in nutrition could cause serious problems
with health, since these acids are required for
realizing many functions of an organism, in-
cluding the development and normal function-
ing of eyes and brain. These substances also
help to cope with inflammatory processes, for
example with arthritis; they promote the re-
duction of triglyceride content in blood whose
content is directly connected with the diseases
of cardiovascular system as well as metabolic
disorder.

Thus, the data obtained concerning the lipid
status and fatty acid spectrum of the black
Baikalian grayling could be of interest for the
studies on biological efficiency of water reser-
voirs, on the problems of fish adaptation to
environmental conditions, for pharmaceutical
industry and dietology, as well as for fish in-
dustry and nature-conservation organizations.
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