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SPECIES PECULIARITIES OF LIPID AND FATTY ACID COMPOSITION
OF LIVER AND EGG YOLK IN JAPANESE QUAILS AND LAYING HENS
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Species peculiarities of lipid and fatty acid composition of liver and egg yolk in Japanese
quails and laying hens have been studied. In results of our study was determined that total lipids
content in liver of Japanese quails and laying hens was almost same, but in egg yolk less by
20,96 %.1t was established less level of phospholipides, mono- and diacylglycerols and higher
content of triacylglycerols in total lipids composition in liver of Japanese quails, as compared with
liver of hens. In egg yolk of Japanese quails was observed higher triacylglicerols level and less free
cholesterol content. It was established higher palmitic acid level among saturated fatty acids anh
higher content of oleic and linolenic acids among unsaturated fatty acids in composition of liver
total lipids of Japanese quails. In liver of laying hens was observed higher level of stearic, linoleic
and arachidonic acids. It was shown higher relative content of saturated and polyunsaturated fatty
acids in egg yolks lipids of Japanese quails. Oleic acid level was higher in egg yolk of laying hens.
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Advisability of lipid metabolism study of animals and poultry is determined by its
significant role of lipids in organism. In particularly, lipids are membrane structure components,
served as form, in which metabolizable energy is deposed, lipids also have defensive and regulatory
action, are fatty acid vitamins solvents, take part in tissue permeability processes (Borchman D. et
al.,1999). In animal and avian tissues lipids are partly containing in free status, but mainly as
compounds with proteins and carbohydrates. In base of all tissue membranes are compounds of
lipids with proteins (He S.Y. et al., 2005; Salaiin C. et al., 2004).

Lipid synthesis in animal tissues is depending firstly from free fatty acids pool in cell. Fatty
acids partly going in animal organism with feed lipids and partly are syntesized de novo. Liver and
adipose have central state in fatty acid synthesis in organism, and polyene fatty acid synthesis is
depending on linoleic and linolenic acids intake from feed (Budowsky P., 1989). Avian egg contain
61, 51% essential fatty acids. All lipid classes of avian eggs contain fatty acids. Egg contains only
14 fatty acids in relatively significant values (Fisinin V.I. et al., 1990).

Egg fatty acid profile can depend to some degree on feeding factors, keeping conditions and
breed (Fuhrmann H. et al., 1996; Raes K. et al., 2002).

Numerous authors have reported data devoted to study of lipid and fatty acid composition of
different avian species, but in available literature it is little comparative data, in particularly, about
poultry different by its metabolism intensity and growth rate, hence by organism need in nutritive
and biologic active substances. In this connection is essential to study poultry species peculiarities
for research of metabolism intensity and its regulation.

Materials and methods

The studies were conducted with Japanese quails aged 125 days and Tetra SL hybrid laying
hens aged 300 days. Both poultry species were fed ration balanced by nutritive and biologically
active compounds. Quails and hens were in cage kept, feed and water were available ad libitum.
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Japanese quails were fed ration containing 287,7 ccal metabolizable energy, 19,2 %
protein; 3,36 % fat; 3,78 % fibre; 2,88 % calcium; 0,97 % phosphorus; 0,32 % sodium; 0,90 %
lysine; 0,67 % methionine+cyctine; 0,24 % triptophan.

Hens were fed ration containing 269,9 ccal metabolizable energy, 17,33 % protein; 4,42 %
fat; 4,40 % fibre; 3,01 % calcium; 0,7 % phosphorus; 0,40 % sodium; 0,69 % lysine; 0,49 %
methionine+cyctine; 0,21 % tryptophan.

Material for study was sampled liver tissue and egg yolks.

Total lipids content was analyzed by weight method after extraction with chlorophorm-methanol
mixture 2:1and by Folch procedure in liver and egg yolks (Folch J. et al., 1957). Total lipids were
separated into classes by method of thin-layer chromatography on silicagel in system haexan-diethyl
ether-ice acetic acid 70:30:1 with its following determination by bichromate method (Stefanik M.B et
al., 1985). Fatty acid composition was determined using gas chromatography (Stefanik M.B et al.,
1985).Results were statistically analized.

Results and discussion

Our results concerning total lipid contents and its class ratio are shown in table 1.

Table 1
Total lipid content and some lipid class interrelation in liver and egg yolk
of Japanese quails and laying hens; (M+m, n=3-6)
Liver | Egg yolk

Indices Japanese quails Hens Japanese quails _

(M:m, n=6) (Metm, n=5) (n=3) Hens(n=5)
Total lipids,gr% 9,83+0,48 8,52+0,56 28,25+0,55A 34,17+1,42B
Lipid class:
Phospholipids, % 27,54+0,36A 35,22+0,75B 24,97+0,70 24,63+0,61
1\%0“0' and diacylglicerols 6,69+0,43a 8,57£0,60b 8,83+0,25 7,7240,49
Free cholesterol, % 10,95+0,49 10,35+0,21 9,87+0,27A 14,30+0,75B
Free fatty acids, % 8,5420,75 10,98+0,79 9,60+0,33 11,30+0,80
Triacylglycerolsu, % 34,01£0,92A 19,08+0,69B 36,43+0,88A 31,62+0,92B
Cholesterol ethers,% 12,284+0,35A 15,95+0,68B 10,30+0,36 10,51+0,65

A, B-P<0,01; a, b—P<0,05.

Data given in table showed that total lipids content in liver of Japanese quails and hens were
almost the same, but level of some lipid class was significantly different. Relative phospholipid
content was higher by 7, 68 % (p<0,001) in hen liver, than in same tissue of Japanese quails. Hen
liver also contain higher relative content of mono- and diacylglycerols (p<0,05) and cholesterol
ethers (p<0,001).

By that triacylglicerols content was by 1,78 times greater in liver of Japanese quails, than in
same tissue of hens (p<0,001). Total lipids content in egg yolk of japanese quails was less by 20,
96 % as compared with hens (p<0,01). Lipid class interrelation in egg yolks was other than in liver.
Relative contents of phospholipids and cholesterol ethers in egg yolk as well as hens and Japanese
quails was almost same

In egg yolks of Japanese quails, was observed some higher triacylglycerols level (p<0,01),
whereas free cholesterol relative content was less as compared with hens (p<0,01).

The analysis of species specific of liver fatty acid composition was indicated on higher level
of saturated fatty acids in laying hens, as compared with Japanese quails, that constituted 37, 42 %
and 35,88 %, respectively (table 2).
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Table 2

Total lipids fatty acid composition in liver of Japanese quails and laying hens; (M+m, n=4-5)

Species
Fatty acid Japanese quails Laying hens
(M=£m, n=4) (M=£m, n=5)
C 1490 0,82+0,02A 0,35+0,02B
C 160 26,92+0,68a 23,3340,85b
C 61 7,11+0,82a 3,8940,40b
C 170 0,34+0,02a 0,57£0,07b
C 150 7,80+0,44A 13,17+0,76B
C 181 41,01+0,43 38,21+£1,73
Cisa 7,65+0,14A 10,85+0,57B
C 153 1,82+0,05A 0,90+0,03B
C 2011 0,09+0,01A 0,30+0,04B
C 202 2,97+0,19A 0,72+0,02B
C 203 0,24+0,03a 0,43+0,05b
C 204 1,51+0,05a 4,1540,59b
C 205 0,13+0,01a 0,40+0,08b
C 2 0,26+0,01A 0,10+0,01B
C s 0,35+0,04 0,46+0,06
C 24 0,31+0,02 0,40+0,12
C s 0,12+0,01 0,2540,15
C s 0,55+0,02a 0,33+0,05b
Saturated fatty acids 35,88 37,42
Unsaturated fatty acids 64,12 62,58
Polyunsaturated fatty acids 15,91 19,29

By that, this increasing of saturated fatty acids content is connected mainly with higher
level of stearic acid (Cis.0). Unsaturated fatty acids summary content was higher in Japanese
quails liver, that constituted 64,12 %, as compared with 62,58 % in laying hens. Results of our
study was evidenced that higher unsaturated fatty acids content is connected mainly with

increasing level of oleic acid (Cg.1). Decreasing level of oleic acid in liver of laying
hens, as compared with Japanese quails, can be explained by less content of palmitic acid
(Ci6:0), which is oleic acid precursor, and also by higher summary content of unsaturated fatty
acids with chain length above 20 carbon atoms, which are inhibitors of enzymes A9 desaturase
and elongase Elovl-6 (Jump D.B., et al 1999; Jump D.B., 2002). In liver of Japanese quails were
predominated palmioleic (Cis.1), oleic (Cig.1y and linolenic (Cis.3) unsaturated fatty acids, as
compared with fatty acid composition in liver of laying hens.

Linoleic (Cis2) and linolenic (Cys.3) fatty acids are essential fatty acids, controlling two
basic functions in animal organism, namely including in composition of structure lipids that are cell
membrane components and also are precursors of eicosanoids such as prostacyclins, prostaglandins,
leicotriens and tromboxans (Kunze D.,1993;. Smith W. L., 1989). ®-6 and ®-3 polyunsaturated
fatty acids formation are depending on content in ration of linoleic (C,s.2) and linolenic (Cisg.3)
acids, whith are desaturation system competitors. This process is regulated by way of competitive
inhibition of enzymes (Elolvl-2, Elolvl-5, A5- and A6-desaturases), and transformation of each
unsaturated fatty acid is depending on its concentration and content of formed products (Smith W.
L., 1989). In case of high linolenic (C;s:3) acid content in tissues of Japanese quails was observed
inhibition of synthesis of more unsaturated fatty acids (Cz22, Cra.6) of linoleic acid series and on
contrary (Sprecher H., 2000), that was established in our case.

-6 fatty acids are linoleic acid (Cis.2) derivatives. Its summary content (Cig2, Cao:2, Cao:3,
Ca0.4, Cp2:2) was highest in liver lipids of laying hens and constituted 16, 25 %, against 12,63 % in
Japanese quails. It is necessary to attract attention on increasing level of linoleic (Cis.2) and
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arachidonic (Cy.4) (linoleic derivative) acids in liver of laying hens, as compared with Japanese
quails and constituted 10,85 % and 4,15 % respectively.

-3 fatty acids content was higher in liver of Japanese quails (3,28 %), as compared with
laying hens (2,74 %), mainly in account of linoleic (C;g.3) and docosohexaenic (Cy;.6) acids.

Species peculiarities of fatty acid composition of egg yolk total lipids of Japanese quails and
laying hens are presented in Table 3. Saturated fatty acids content was higher in egg yolk of
Japanese quails, as compared with laying hens, in account of palmitic (Cje) and stearic (Cis.o)

acids, constituted 22,29 % and 11,42%, respectively.
Table 3

Total lipids fatty acid composition in egg yolk of Japanese quails and laying hens; (M+m, n=3-5)

Species
Fatty acid Japanese quails Laying hens
(M=£m, n=3) (M=£m, n=5)
C 100 0,15+0,02 0,13+0,03
C 140 0,71+0,05A 0,41+£0,03B
C 60 22,29+1,25 21,22+1,07
C 6 3,97+0,35 4,83+40,25
C 70 0,28+0,02a 0,4340,04b
Ciso 11,42+0,70 9,5240,77
C 151 35,83+1,44A 44,43+1,73B
C s 16,84+0,97 15,76£0,94
Ciss 3,16+0,18A 0,26+0,01B
C 22 2,87+0,25A 0,35+0,02B
C 203 0,44+0,03 0,23+0,05
C 204 2,04+0,13 2,4340,35
Saturated fatty acids 34,85 31,71
Unsaturated fatty acids 65,15 68,29
Polyunsaturated fatty acids 25,35 19,03

Unsaturated fatty acids concentration was higher in egg yolk of laying hens mainly in
account of oleic acid (Cys.1).

Higher polyunsaturated fatty acids level was established in total lipids of egg yolk of
Japanese quails, that constituted 25, 35 %, as compared with 19,03 % in egg yolk of laying hens.
Higher polyunsaturated fatty acids concentration was accompanied with greater content of linoleic
(Ci32) and linolenic (C;s:3) acids. High level of linoleic (Cs:2) and linolenic (C,s.3) fatty acids in
egg yolk of Japanese quails is agreed with our previous studies about high triacylglicerols level in
egg yolk of Japanese quails, since linoleic and linolenic fatty acids was found mainly in
composition of triacylglicerols (Fisinin V.I., et al., 1990). Besides it was established higher by 8, 2
times eicosadiene (Cyo:2) and by 12,1 times linolenic (C;g.3) acids level in egg yolk of Japanese
quails, as compared with laying hens.

Eggs of Japanese quails contain higher levels as follows: phosphorus -by 5 times, iron - by
7,5 times, vitamin B; -by 6 times, vitamin B, — by 15 times, significantly increasing level of
vitamin A, nicotinic acid, cobalt, copper, essential amino acids, in comparison with eggs of laying
hens..According to literature data are differences in content of lipid peroxidation products in egg
yolk of Japanese quails and laying hens (Karpa I., et al., 2004; Kystsiv V.O., 2008), in particularly
egg yolk of Japanese quails contain less level of lipid hydroperoxides and TBA-reactive substances,
increasing its biologic and feed value.

Thus, obtained results indicate about existence of clear species specific of lipid and fatty
acid composition of liver and egg yolk of Japanese quais and laying hens, which can be explained
by different growth intensity, egg incubation terms, sex maturition age.

Bionoris TBapun, 2010, T. 12, Ne 1
91



Conclusions

In results of our study was determined that total lipids content in liver of Japanese quails and
laying hens was almost same, but in egg yolk less by 20,96 %.It was established less level of
phospholipides, mono- and diacylglycerols and higher content of triacylglycerols in total lipids
composition in liver of Japanese quails, as compared with liver of hens. In egg yolk of Japanese
quails was observed higher triacylglicerols level and less free cholesterol content. It was established
higher palmitic acid level among saturated fatty acids anh higher content of oleic and linolenic acids
among unsaturated fatty acids in composition of liver total lipids of Japanese quails. In liver of
laying hens was observed higher level of stearic, linoleic and arachidonic acids. It was shown
higher relative content of saturated and polyunsaturated fatty acids in egg yolks lipids of Japanese
quails. Oleic acid level was higher in egg yolk of laying hens.

B. O.Kucyis, I. b Pamuu., @. boposey, b. . Kupunis, JI. B Anopecaa.

BUJOBI OCOBJIMBOCTI JIHIIAHOTI'O TA JKUPHOKHUCJIOTHOI' O CKJIALY
TKAHHUH INEYIHKHA 1 2KOBTKIB A€1b V IIEPENIIVIOK TA KYPEU-HECYYOK

PesmomMme

VY pe3ynbraTi 10CHIIHKEHb BUIOBUX OCOOIMBOCTEN JIMITHOTO Ta JKUPHOKUCIOTHOTO CKIIALy
TKAHWH TEYIHKU 1 )KOBTKIB SI€lb y MEPENUIOK Ta Kypeii-HECY4OK BCTaHOBJIEHO, 1[0 Y MEpemnemiB 1
Kypel KOHILIEHTpallid 3arajbHUX JIMiAIB y MediHui Oyna NpuOJIM3HO OJHAKOBOKO, & B YKOBTKY
nepeneniB Ha 20,96 % MeHmow. Y ckiajl 3arajbHUX JIIMIJIB MEYIHKU NepernesiB BIIHOCHUN BMICT
docdomniniaiB, MOHO- 1 AUALMITIIINEPOJIB € MEHIIUM, a TPUALWITIIIEpPONiB OUIBIINM, HDK Y
MeYiHIl Kypeil. Y JKOBTKY MepeneNuHuX siellb OyB BUIIUM BMICT TPUAIMIIMIILEPOJIIB 1 MEHIIUM —
BUIBHOT'O XOJIECTEPOITY. Y CKIIA1 JIMIAIB EYIHKU MEpernesiB cepe]l HACUUEHUX KUPHUX KUCIIOT OyB
BHIIMM PIBEHb: MAJIbMITHHOBOI KHCIIOTH, & HEHAaCHUYEHHUX — OJICTHOBOI 1 JIIHOJIEHOBOI KHCIIOT. Y
MEYiHIll Kypel crocTepiraBcsi BULIUN PIBEHb CT€apUHOBOI, JIIHOJEBOI Ta apaxiJIoHOBOi KUCIOT. Y
JMigax JKOBTKA IMEperesiB BII3HAYCHO BUIIUN BIIHOCHUM BMICT HACHYCHHUX Ta TOJIIHEHACHUYEHUX
KUPHUX KUCIOT. PIBeHb 0JICTHOBOT KUCIOTH OYB BULIUM Y )KOBTKY Kypeu.

Takum yuHOM, SK BHJIHO 3 OTPUMAHHMX JIaHUX ICHYE YiTKa BHUJIOBA crernudika JIMmiaHOTO 1
KUPHOKUCIIOTHOTO CKJIAaJy TKaHWH MEUYIHKU 1 KOBTKIB sI€Llb IEpernesiB 1 KypeH, sika 3yMOBJIEHa
PI3HOIO IHTEHCUBHICTIO POCTY, TEPMIHOM 1HKYOAIlii SI€Ib, BIKOM CTaTE€BOIO JO3PIBaHHS.

B. O.Kucyus, U. b Pamviu., @. boposey, b. AI. Kvipviiue, JI. B Anopeesa.

BUJOBBIE OCOBEHHOCTH JIMIIUAHOT'O U J)KUPHOKUCJIIOTHOT'O
COCTABA TKAHEMU NIEYEHU U )KEJTKOB AUL IIEPEITEJIOK U KYP-HECYHIEK

AHHOTaAanuU+A

B pesynbrare uccienoBaHWii BHAOBBIX OCOOCHHOCTEH JUMUIHOTO W >KUPHOKUCIOTHOTO
COCTaBa TKAHEH MEYEHH U KEITKOB SIUII B IIEPEIEIIOK U Kyp-HECYIIEK MOKAa3aHO, YTO y MEPENEIoB U
Kyp KOHIIEHTpaIys OOIMX JUMUIOB B TKAHAX NMEYCHU OblIa MPUOIU3UTEIBHO OAMHAKOBOHW, a B
xentke mneperenoB Ha 20,96 % wmensie. B coctaBe o0mMX JUMUAIOB TIEUYEHH TIEPETICIIOB
OTHOCHTENIbHOE cojepkanue (ochOIUNHUI0B, MOHO- U JUAIMITIUIEPOJIOB OBUIO MEHBIINM, a
TPUALIAJITIIAIIEPOJIOB OOJBIIMM, Y€M B TKAHSIX MEUYCHH Kyp. B KenTke mepenenuHbIX sull ObLIOo
BBIIIIE COJIEp)KaHUE TPHUAIMITIIMIIEPOJIOB W MEHBIIUM - CBOOOJHOTO XoJjecTeposia. B cocrase
JUTIAIOB TICYEHU TIEPETEIOB CPEId HACBHIIICHHBIX >KUPHBIX KHUCIOT OBLI BBINIE YPOBEHB!
MAJIbMUTUHOBOM KHCIIOThI, @ HEHACBIILIEHHBIX - OJIEMHOBOW M JIMHOJIEHOBOW KUCJIOT. B meyenu kyp
HaOrofaNICS BBICOKMNA YPOBEHB CTEApPWHOBOM, JIMHOJICBOW M apaxUIAOHOBOM KUCIOT. B mmummmax
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JKENTKAa TIEPEreioB  OTMEYECHO  BBHIINIE  OTHOCHTEIIBHOE  COJIEP)KAaHHE  HACBHIIIEHHBIX U
MTOJIMHEHACHIIICHHBIX JKUPHBIX KHCJIOT. Y POBEHb OJICMHOBOM KUCIOTHI OBLI BBIIIE B KEITKE KYP.

Takum o00pazoM, Kak BHIAHO W3 TIOJYUYCHHBIX JaHHBIX CYIIECTBYET 4YeTKas BHUIOBas
cnenuduka JTUMHUIHOTO M KUPHOKUCIOTHOTO COCTAaBa TKAHEH MEYCHH U JKEJITKOB SIUII TIEPETICNIOB U
Kyp, OOYCIIOBJICHHas pa3HOW WHTEHCUBHOCTBHIO POCTA, CPOKOM HMHKYOAllMHU SIUIl, BO3PAacCTOM
MIOJIOBOTO CO3PEBAHUSI.
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