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Abstract—Fatty acid status of the White Sea herring from
Dvina, Kandalaksha and Onega Bays of the White Sem

autumn was investigated. The fatty acid profile othe herring

groups from studied sites was characterized by higahmount of
monounsaturated fatty acids, among which 18:1(n-9)and

16:1(n-7) dominated. The herring from Kandalaksha By had
higher (p<0.05) level of 18:1(n-9) fatty acid than the fishrbm

Onega Bay, whereas the last one was characterized tow

(p<0.05) level of 16:1(n-7). Polyunsaturated fatty ads (PUFA)
were the second largest group in the herrings, maliyp because
of (n-3) fatty acids. In the herring from Onega Bay the level of
22:6(n-3) was significantly (x0.05) higher than in other fishes.
Besides that, this fishes were characterized by Higevel of (n-
3)/(n-6) PUFA, 18:3(n-3)/18:3(n-6) and 16:0/18:1(A) ratios.
Detected lipid status reflects ecological and bioemical
features of fish adaptation in relation to specificecological
factors of the inhabitation areas of the White Seand choice of
optimal and adequate survival strategy in sub-Arctt. The
results of this work present information about somdeatures of
mechanisms of adaptations on the level of lipid spta and the
role of fatty acid constituents in ecological and iochemical
adaptions of the White Sea herring.
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l. INTRODUCTION

Lipids and fatty acids have important functionsciil
metabolism and play a significant role in biocheahic
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The population of the White Sea herri@upea pallasii
marisalbi Berg (Clupeiformes, Clupeidae) is one of the
similar forms of Pacific herring and one of the mand the
most commercial fish in the White Sea. The localugs of
herring are subject to particular hydrological dtinds in
different bays of the sea [9]. The biochemical &saf the
White Sea herring are not numerous. Biochemical
adaptations to specific ecological conditions of White
Sea (specific temperature regime, high speed afents,
water exchange with the Barents Sea, small depohs,
concentration of mineral substances and organic
compounds, low level of salinity, relatively shoggetation
period, etc.) cannot ignore changes in lipid stafitbe fish.

Fatty acid status of the White Sea herring fronfiedint
bays (Dvina, Kandalaksha and Onega bays) in autumn
season was investigated.

The results of this research will contribute to toerent
knowledge about the role and functions of lipidatttake
part in development and formation of biochemical
adaptations of other fish species. They also ptesew
information about the features of mechanisms optadmns
on the level of lipid status of the studied fishtire sub-
Arctic region.

The presented paper consists of next sections:ri@ate
and methods, results of fatty acid analysis ofWhdte Sea
herring from different Bays, discussion, conclusiand
acknowledgement.

1. MATERIAL AND METHODS

adaptations of organisms to changing environmental

conditions (abiotic, biotic, anthropogenic factdis¥]. Fish
lipids, mainly their fatty acids (FA), are the basiurce of
metabolic energy and structural elements for tigeawth,
development, reproduction, and survival [1-3]. Esaléy, it
concerns fishes that have high level of lipidshiait bodies
as herring, salmon, trout etc. [5-8]. Fatty acidsa@ne of the
most sensitive lipid components that take activet jpra
compensatory mechanisms of adaptation of organisms
normal and in stress [1-2]. Quick change of lipidi datty-
acid profile of fish tissues and organs contributesptimal
process of life activity and their adaptation, udihg
thermal adaptation, to changing environment [3].
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The White Sea herringdults were collected in October,
2010 in Dvina (6%7' 3823'"), Kandalaksha (6@2' 3223")
and Onega Bays (689' 3637') of the White Sea at depth
50, 25 and 38 meters and at temperaturé, % and
6.7°C, respectively, according the method describefl b}

In total 66 individual specimens (n) were analyzed.

Flesh of the fish was homogenized in 10 volumesnil0
each) of 96% ethyl alcohol mixed with 0.001% of the
antioxidant. Sample homogenates were placed irs gliass
and stored onboard the ship in a cold room untileley to
the laboratory. The material was then fixed in évesat
system of chloroform:methanol (2:1, volume/volumand
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total lipids (TL) were extracted following the meth[11]. Sum SFA 37.12+0.80 37.23+0.66 37.26+0.8
The res_ldues recovered _after I|p|d_ extraction of flesh 141(n5) 0.3920.0% 03740.0F 034:0.07®
were dried over phosphoric anhydride until the daspad
reached a constant weight. The residues were vezigiat 16:1(n-9) 0.73+0.06 0.40£0.04 | 0.7420.1C°
determin_e the approximate percentage of total digi) on 16:1(n7) 11.3140.28 11.45+0 2F 7 73%0 24C
a dry-weight basis (1), whepe- lipids extracted (g) and—
residue weight (q): 16:1(n-5) 0.25+0.02 0.25+0.02 0.29+0.03
17:1(n-7) 0.35+0.04 0.34+0.0F 0.59+0.03®
T=p 0100/(a +P). D 18:1(n-9) 19.80+0.35 20.14+0.83 | 18.40+0.7F
. - . . K C
The fatty acids composition of the total lipids was 181(n7) 4.05:0.28 310:0.26° | 3.39:0.10°
analyzed by gas-liquid chromatography. Fatty acethyl 18:1(n-5) 0.82+0.08° 1.09+0.05*° 0.69+0.03®
esters ’(,FAME). were identified with a Chromatek-.@z_;.ll- ETGEEY 034005 175002 0E85074
5000.1" (Russia) gas chromatograph with flame-iatiamn
detector on a Zebron Capillary Gas Chromatographic 20:1(n-9) 1.46+0.12 2.10£0.21" 1.93+0.56
Col.umn (Phenomenex, USA). The isothermic colunmn 201(n-7) 0352001 033001 03310.02
regime was used (228), temperature of detector — 260
temperature of evaporator — 280 For recording and | 22:1(n-11) 0.88:0.08 1442017 1.40£0.46
integratiqn “Chromatek-Analytik-5000.1" softwarey§sia) 22:1(n-9) 0.32+0.02 0.32+0.02 0.79+0.42
was applied. 22:1(n-7 0.23%0.0% 0.21+0.01° 0.43+0.03®
The research was carried out using the facilitiethe 1(n-7) eI e g
Equipment Sharing Centre of the Institute of Biglog 24:1(n-9) 0.22+0.08 0.27+0.08" 1.18+0.04°
KarRC of RAS g
S . Sum MUFA 41.40+0.75 42.06+0.51 38.811.5
Data were tested for normal distribution. Differeac
between means of fatty acids of total lipids inrimgys from 16:2(n-9) 0.23:0.02° | 0.16£0.02 0.13+0.02*
studied ﬂﬁ%svxf( t%eoss)ea were analyzed by anabfsis1g3n9) 0.0820.01 0.0620.01 0.0620.01
variance .05).
= 20:2(n-9) 0.09+0.01 0.10+0.61 0.07+0.01°
. ResuLTs 22:2(n-9) 0.05%0.0% 0.05:0.0C | 0.02£0.07®
The biochemical analy§|s showed that the herriognfr Sum (n-9) 04420 0F 03720 0F 02920 02°
Kandalaksha Bay had higher level of TL (41.7% dw) pura
compared to the herring from Dvinsky and Onega BayS 16:2(n-7) 0.170.0%° 0.09+0.01" 0.10+0.02
(34.5%; 31.8% dw, respectively) (Table I). In Talle - -
. . . : - + + +
Values in the same row with the same superscrifetter 18:2(n-7) 0.05:0.0F 0.070.01 031:0.07
are not significantly different ¢9.05) among fishe from Sum (n-7) 0.22+0.02 0.16+0.02 0.41+0.0F
different areas of the Sea and values in the samwewith PUFA -
the different superscripted letter are significardifferent 16:2(n-6) 0.41:0.08 0.20:0.03" 0.200.02
(p<0.05) among fishes. 16:3(n-6) 0.3520.0%° 0.21+0.03* 0.01+0.00°®
. B
TABLE I. TOTAL LIPIDS (% DRY WEIGHT) AND FATTY ACID 18:2(n-6) 1.3120.05 1.21£0.0Z 1.06:0.05"
SPECTRUM(% OF TOTAL FA) IN THE WHITE SEA HERRING FROMDVINA 18:3(n-6) 0.15+0.0% 0.11+0.01°° 0.15+0.018
KANDALAKSHA AND ONEGA BAYS IN AUTUMN. DATA ARE M£M. B B B
FABay Svina < andalaksha onega 20:2(n-6) 0.22+0.0% 0.20+0.07°° 0.24+0.0F°
(A) (B) (© 20:4(n-6) 0.28+0.02 0.30£0.01 0.29+0.02
n 20 21 25 -
Sum (n-6) 3.52+0.16° 2.70x0.07 2.58+0.09"
TL 34.5+0.6¢ 41.7+1.4° 31.8+0.8° PUFA
50 030503F S OATO 0TS S I810.0F 18:3(n-3) 0.76+0.08 0.92+0.03" 0.93+0.07
14:0 10.53x0.35° | 12.40+0.28° | 8.80+0.43° 18:4(n-3) 133:016° 1752007 212:0.16°
=0 0 5950.08° 0572005 07720.03° 20:4(n-3) 0.42+0.08° 0.66+0.03*° 0.53+0.03®
60 ST 661047 5T 401035 55561063 20:5(n-3) 6.51+0.52 6.61+0.31 7.38+0.47
=0 0475008 0375008 0505007 22:6(n-3) 5.25+0.45 5.11+0.27 7.01+0.65®
Sum (n-3) 15.12+1.15° 15.84+0.68 | 19.19+1.38°®
. C C B
18:0 2.25+0.08 1.66+0.07" 3.21+0.17 PUFA
200 0.87+0.0% 0.66+0.05C 0.94+0.05° Sum PUFA 21.48+1.38 20.71+0.74 23.92+1.4
24:0 0.16x0.0f° | 0.124#0.07°C | 0.25%0.02° (n-6)/(n-3) 0.26:0.02° | 0.18+0.01° | 0.15:0.01*
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18:3(n- 0.58+0.04%° 0.76:0.02*¢ 0.89+0.05%®
3)/18:2(n-6)
16:0/18:1(n-9) 1.1020.31 1.07+0.27F 1.24+0.05®

The fatty acid spectrum of total lipids of the Whisea

[17]. In the end of October (time of material cotien) the
phytoplankton bloom period finishes. In water thare just
mass species of flagellates and diatoms algae phsap
[18]. This fact explains lower level of 16:1(n-7)ARn

herring from Onega Bay in comparison with fish frother

herring from all investigated bays were performeg b Places of the White Sea.

monounsaturated fatty acids (MUFA) (from 38.81 to

42.06% of total FA), among which 18:1(n-9) and 16:T)
FA dominated (within the limits 18.40 — 20.14% ahd3 —
11.45% of total FA, respectively) (Table 1). Therrhng
from Kandalaksha Bay had highex(Q.05) level of 18:1(n-
9) FA than the fish from Onega Bay, whereas the dag
was characterized by low<0.05) level of 16:1(n-7) FA. It
was determined that the amount of other MUFAs 4(I8:
7), 20:1(n-9), 22:1(n-11), 22:1(n-7), 24:1(n-9) 4d chot
exceed 5.0 % of total FA but their levels were Bigantly

It was outlined that herrings of the studied bagd fow
level of 20:1(n-9) and 22:1(n-11) FA (1.46 — 2.10&td
0.88 — 1.44 % of total FA, respectively) that ayetkesized
de novo only by planktivorous specieSalanus spp. [15]
[19]. Therefore, in this period these zooplanktgecdies
made up small amount of herring diet that was etlgle
reflected on FA spectrum of the White Sea herring.

Respectively high level of SFA, the domination 6fQ
and 14:0 FA, was connected not only wdhnovo synthesis
but also with their accumulation related to feedimgphyto-

different $<0.05) among fishes from different bays of the@nd zooplankton, presence and availability of wiifered

sea.

in food web and food habits of herring from diffierareas

It was shown that the level of saturated FA (SFAlsw Of the White Sea. Low level of 14:0 as well as {6:1) FA,
high. Among SFA — 16:0 and 14:0 FA dominated andPiomarkers of diatoms, in herrings from Onega Bay
ranged from 21.40 to 22.26% and from 8.80 to 12.48% Ccomparison with herrings from other studied areghinbe

total FA, respectively in all investigated grougsherring.
Low concentration of 18:0 FA (1.66 — 3.21% of tofad)
was detected in relation to fish from all sea ragio

connected with decrease of producing capacity afodis
algae in this period. The 16:0/18:1(n-9) ratio viaggher in
herring from Onega Bay. It indicated higher degide

Polyunsaturated FA (PUFA) amount was within theintensity of lipid metabolism [20].

limits from 20.71 to 23.92% of total FA, mainly lzse of
(n-3) polyenic FA (15.12 — 19.19% of total FA) ihet
White Sea herring from all investigated areas. Agh(m3)

Low level of PUFA, especially 22:6(n-3) FA among th
White Sea herring in comparison with other arctitd a
subarctic fish species shows that these FA plagedrsiary

PUFA — 20:5(n-3) and 22:6(n-3) were dominated. Theole in terms of biomembrane functioning in these
White Sea herring from Onega Bay was slightlyconditions. The correlation between (n-3) and (RE)FA
distinguished by high levep£0.05) of these acids (mainly Plays a specific role in organism due to competitiv
22:6(n-3)) and (n-3)/(n-6), 18:3(n-3)/18:2(n-6) and relations in the process of their metabolism [2t]s also
16:0/18:1(n-9) ratios. shown that cold water pelagic fishes have higheB)(n
Thus, high level of total MUFAsp£0.05) was typical PUFA level that satisfy their need in essentiatyfatcids
for the White Sea herring from all the studied initetions ~ more than (n-6) and (n-9) PUFA [4] [22] [23]. The3)/(n-
of the White Sea. The variations of some FA: wifghh 6) PUFA ratio was higher in herring from Onega Bagn
level 17:0, 17:1(n-7), 18:0, 18:2(n-7), 22:1(n-Z%4:1(n-9), among fish groups in other bays of the sea. Thaghaf
22:6(n-3) and low level - 14:0, 16:1(n-7), 16:3(n-68:1(n- lipid unsaturation degree is one of the basic meishas of
5), 18:2(n-6), - differed the herring from Onegay feom regulation of activity of membrane connected enzyme
others. Besides that, this fishes were charactbfizehigh —under environment fluctuations [1] [24].
level of (n-3)/(n-6)PUFA, 18:3(n-3)/18:3(n-6) and
16:0/18:1(n-9) ratios. V. CONCLUSION
The difference in terms total lipids and fatty acid
among the White Sea herring from the studied bdyhe
White Sea was presented. The results of the pagsept

IV. DISCUSSION

Fatty acid status of the White Sea herring fronfiedént :
0

bays of the White Sea (Dvina, Kandalaksha and Onegformation about some features of mechanisms
Bays) in autumn season was investigated. High lefel adaptions on the level of lipid spectra and the wfl fatty
MUFAs is one of the typical features of aquatic imar acid constituents in ecological and biochemicalptations
organisms in northern latitudes. MUFA were the duant ~ Of fishes under study. It showed various influemtethe
FA group in all the herring groups in studied sitdsthe ~ complex of ecological factors, in this researchniyabiotic
White Sea. Among MUFA — 18:1(n-9) and 16:1(n-7) sver (trophic). The determined spectra of fatty acidsoagithe
the most abundant. It is known that some MUFAs ardVhite Sea herring from its different bays confitmaittin the
dietary derived and they are trophic biomarkersrfarine ~ Period of fattening the main source of their nidritwere
organisms: 18:1(n-9) FA is the main biomarker ofthe diatoms algae and dinoflagellates and the iecain
dinoflagellates and bacterial plankton while 16:7jrFA is ~ copepods was small. Such lipid status reflects ogpodl
the biomarker of diatoms microalgae [12-16].@nd biochemical features of fish adaptation in tiefe to
Dinoflagellates and diatoms microalgae make thenmaiSpecific hydrobiological and trophoecological fastof the
contribution to biomass of the White Sea phytoptank inhabitation areas of the White Sea and choiceptimal
and adequate survival strategy in future. Detadlealysis of
Copyright (c) IARIA, 2013.  ISBN: 978-1-61208-261-5 11
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separate fatty acids, their ratios of herrings frdifferent

sites of the White Sea in respect to abiotic factor

(temperature, depth, water currents) will be giuefuture.
The results of this work will contribute to the opemt
knowledge about the role and functions of lipidsl dipid
components in biochemical adaptations of fishemflagh
latitudes.
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