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Kniouespie cnosa: HUPHOKUCTIOMHDBLLL cocmas,
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HUPHBle KUCTOMDBL, Mennosoli Hazpes, dapui u3 unoeiiku,
pacmumenvHvle Macia

Annomauus

B cmamve paccmampusaemcs npobrema onmumMu3ayuu supHo-
KUCTIOMHO020 COCMABA TUNUO08 MACA NMULDbL, WUPOKO UCHONIb3Y-
em020 6 numanuu. B cocmaee nunudos maca nmuypt cooepucarie
ome2a-6 3HA1UMenLHO Npesbllaern ome2a-3, 4mo He ONMUMAILHO
071 yc60eHUs U HyHOaemcs 6 koppekuyuu. Vccnedosara 803modxc-
HOCMb 0002aU4eHUS MACA UHOETIKU TIBHAHbLIM MACTIOM, 4O 10360~
JUz0 0becneuums 6 papuiesbx KOMIOSUUUAX C PACHUMENTbHBIMU
MACTIAMU COOMHOUIEHUE oMe2a-6: omeea-3, 00ecneuusaruiux ux
HymMpueHmHo-adekeammbviii 6ananc, He npesviuiarousuii 10 eounuy,
IIpedcmasnenvt pe3ynvmamvl UCCIE008AHUS HUPHOKUCTIOMHOZO
cocmasa u HUPHOKUCTOMHOL COANAHCUPOBAHHOCU TUNUOHOU
uacmu apuieil U3 MACA, A MAKHKe UX USMEHEHUS 6 pe3ynvmanie
Men06020 HAZPEBA MACHLIX KOMNO3UYULL 6 600HOIL cpede ¢ meMm-
nepamypoii 95+2 °C do memnepamypui 8 npooykme 70x1 °C. ITo
0aHHbIM UCCTIE008AHULL OMe2a-6:0Me2a-3 6 Papuiesbix KOMNO3ULU-
SIX 00 Men0680tLi 06pabomKL 3o OmHoUuleHUe COCMAsuUno om 6,5
00 7,7 eQuHuUY, no cpasHenuro ¢ konmponem (42 edunuywl); nocne
mennosoti obpabomku - om 6,5 00 8,0 eduHuY, 01 KOMNO3ULULL
dapuietl, 6KIOUAUUX PACUMENbHbIE MACTIA 6 COYeMAHUU C
JIOHAHBIM MACTIOM.

JlanHvle 10 HUPHOKUCTOMHOMY COCIABY KOMNO3UUULL CO2na-
CYIOMCST €O 3HAYEHUSMU NoKa3amerneli JHUPHOKUCTOMHOU cOa-
naucuposannocmu, cocmasnsrouwumu RLI...3=0,47 - 0,57 u
RLI...6 = 0,32 - 0,37 edunuy, 0ns o60eauseHHbIX papuieil 00 me-
nnosoti 06pabomxu u 0,48 - 0,57 u 0,31 - 0,38 edunuy, nocrne me-
17108011 06pabOMKU COOMBEMCIBEHHO, U NOOMBEPHOAIOM B03-
MONHOCHD 0002AULHUS TVHAHLIM MACTIOM peuenmyp gapuset
npu npouszsodcmee gpurxadesnex u mozym vl pacnpocmpareo
Ha Opyeue 8UObL NPOOYKMOB.

BBepenue

Hacpiennsie sxupubie kucmotsl (HXKK), monoHeHa-
coiieHHple (MHJ)KK) u monmHeHachlllleHHbIE SKMPHBIE
kucnorsl (ITHXKK) sABnA0OTCA OCHOBHBIMU CTPYKTYPHBI-
MU ¥ QYHKIVOHAJIbHBIMY KOMIIOHEHTaMIU KJIETOYHBIX
meM6pan. I[TH)KK o4eHb BayKHBI 11 ONITYMAIBHOTO pas-
BUTVA ¥ PYHKIVIOHVPOBAHUA OpraHa 3peHMs ¥ HepPBHOII
cucremsl [1].

OcobeHHOE BHUMaHVE B PaIVIOHe JIIOfieil CIIeyeT yae-
naTh HesameHUMbIM [THJKK, xoTopble He cCMHTe3UMpPYyIOTCA
OpraHM3MOM >KVMBOTHBIX 1 4e/IOBEKa ¥ IIOTy4YaloTCs TOTTbKO
¢ mument. K HuM oTHOCATCA MuHONeBas Kuciora (oMmera-6)
n anbda-muHONMeHoBass Kucmora (omera-3). JInHoMeBast
(JIK, C 18:2 omera-6) u anbda-nnuonenosas (AJIK, C 18:3
oMera-3) KUCTOTBI IAI0T HA4yaao OOMbIION Cepuu pasHo-
00pa3HBbIX 9IKO3aHONUIOB — TOPMOHOIOOOHBIX BEIIeCTB,
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Abstract

The paper examines the problem of optimization of the fatty
acid composition of lipids in poultry meat, which is widely used
in nutrition. The omega-6 content is significantly higher than
the omega-3 content in the composition of poultry meat lipids,
which is not optimal for assimilation and needs a correction.
The possibility of turkey meat enrichment with linseed oil was
investigated with the aim of ensuring the omega-6 to omega-3
ratio in the minced meat formulations, which provides for the
nutritionally adequate balance not higher than 10 units. The
paper also presents the results of the investigation of the fatty
acids composition and fatty acid balance of the lipid fraction of
minced meat as well as the changes due to thermal heating of
meat formulations in the water medium with a temperature of
95+2 °C to a product core temperature of 70x1 °C. According
to the data of the investigations, the omega-6:omega-3 ratio
in the minced meat formulations before thermal treatment
was 6.5 to 7.7 units compared to the control (42 units); after
thermal treatment, it was 6.5 to 8.0 units for the minced meat
formulations, which included vegetable oils with linseed oil.
The data on the fatty acid composition of the formulations
correspond to the indicators of the fatty acid balance which was
RLI...3=0.47 - 0.57 and RLI...6 = 0.32 - 0.37 units for enriched
minced meat before thermal treatment and 0.48 - 0.57 and
0.31 - 0.38 units after thermal treatment, respectively. The results
confirm the possibility to enrich minced meat formulations with
linseed oil when producing meat balls, which can be extended to
other types of products.

Introduction

Saturated fatty acids (SFAs), monounsaturated fatty ac-
ids (MUFAs) and polyunsaturated fatty acids (PUFAs) are
the main structural and functional components of cellu-
lar membranes. PUFAs are very important for the optimal
development and function of the organs of vision and the
nerve system [1].

Special attention should be paid to the essential poly-
unsaturated fatty acids (PUFAs), which are not synthesized
by an organism of animals and humans, and are supplied
by the diet. They include linoleic acid (omega-6) and al-
pha-linolenic acid (omega-3). Linoleic acid (LA, C 18:2
omega-6) and alpha-linolenic acid (ALA, C 18:3 omega-3)
are the precursors of a wide range of different eicosanoids
— hormone-like substances that facilitate preservation and
maintenance of the structural and functional integrity
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CIIOCOOCTBYIONINX COXPAHEHNIO 1 IO PXKAHIIO CTPYKTYP-
HO1 U (PyHKIIVIOHATBHOIA LIeTIOCTHOCTY KJIETOK U KJIETOYHBIX
KOMIIOHEHTOB |2, 3]. IlonHeHachbIIeHHbIe )KMPHBIE KUCTIO-
to1 (ITHJKK) cemeitcTB omera-3 u oMera-6 SABIAIOTCS HEOO-
XOIVIMBIMI KOMIIOHEHTaMI IIVIY /IS BCeX MO3BOHOYHBIX
OpraHu3MOB. VIX Ha/mr4ye 1, IITaBHBIM 06pa3oM, COOTHOIIIe-
HIfe, OTPEE/SIOT COCTOsIHIE JINIIMIHOTO OOMeHa, CTelleHb
IPeIPacIONIOKEHHOCTY K CepHeYHO-COCYIUCTBIM 3a0o0rte-
BaHMAM, HAapyLIEHNAM HEPBHOI U 3pUTEIbHOI (YHKLNIA,
Q/UIepIUYecKuM 3a00/IeBaHMAM, Pa3BUTHIO BOCIIAINTENb-
HBIX IpOlLeccoB [2, 4,5, 6,7]. Ha rennom yposne ITHXKK
CeMeNicTBa OMera-3 1 OMera-6 KOHTPOIMPYIOT T€HHYI0 SKC-
IPecCHIo B pas/IMYHbIX opraHax [8, 9] u Tkansax [10, 11, 12].
Bornblras 4acTb 3TMX OMera-6 1 oMera-3 K/C/IOT, ITOCTYIINB-
myx ¢ mument (50-70%), pacxopgyeTcs Ha SHepreTudecKue
HYXKZIbl dernoBeka 13,14]. JInmib He6ombIIAA YacTh MOCTY-
naromyx ¢ nuineli HesameHnMbIx [THJKK npespamaerca B
JIOKO3areKCaeHOBYIO U 91IKO3areKCaeHOBYIO KMUCIOTHI [1, 15],
SIBJIAIOLINECS] OCHOBHBIMU KUC/IOTaMI B KJIETOYHBIX MeM-
OpaHax ceTYaTKM IIa3a U MpeflIeCTBeHHIKAMM JIOKaIbHBIX
TOPMOHOB K/IETOYHOI pery/sny, OKa3bIBAIOIIVX B/IVISTHIE
Ha TIPOLeCChl BOCIAJIEHVS], PEry/IALNI0 KPOBOTOKA, JOHA-
HBaHue bepeMeHHOCTH 1 T.1. [16].

B cooTBeTCTBUM C METOOMYECKUMY PEeKOMEeHIALAMU
MP 2.3.1.2432-08 HOpMa TOTpebneHNs oMera-6 >KUpPHBIX
KICIOT JO/DKHA COCTAaBIIATh 5-8% OT Ka/JIOpMITHOCTH Cy-
TOYHOTO paljioHa, oMera-3—1-2%, T.e. peKOMeHIyeMoe CO-
OTHOIIIEHNE OMera-6: oMera-3 I0/KHO OBITH 5:1, a y /mroieit,
CTPaJAONINX CEPAEYHO — COCYAMUCTHIMU 3a00IeBaHMAMI,
OIITMMAJIBHOE COOTHOIIIEHNE OoMera-6: oMmera-3 2:1-3:1 [15].

Pexomenpyemoe cyrounoe norpebnenne ITHXK amsa
CHIVDKEHUSA PUCKA Pa3BUTHSA CEPIeYHO-COCYAUCTBIX 3a00-
JeBaHUIT JO/KHO cocTabnaTh 500-1000 mr [17, 18, 19, 20].

B pamuoHe cOBpeMeHHOT0 4eJI0BEKa MINPOKO UCIIONb-
3yeTcs MCO ITULBL. JKMPHOKICIOTHBIN COCTAB JININIO0B
M#ICa UBIIUIAT U VHAEVKN NIpeAcTaBieH B Tab. 1. JIunuyer
msica ituipl 6oratsl ITHXKK, ograko oHu copepsxar mpe-
UMYIIECTBEHHO OMera-6 >XMpHbIe KUCIOTBI, OTHOILIEHNE
oMera-6:omera-3 Benuko (12 equHuI| — I/ IUIAIOB MsCa
LBIIUIAT U 25 — /I TMIU0B MACA MHJENKM), IO CpaBHe-
HUIO C peKOMeHiyeMbIM (He 6oree 10).

Kpome Toro, mpy mpoMBbIIIIEHHOM IIPOM3BOACTBE 110~
ny¢abpuKaToB, KOMOACHO-KY/INHAPHBIX U3JENINIl U KOH-
CepBOB B UX peLeNTypax YacTO JCIIOIb3YIOTCS [OINOJI-
HUTEJbHO CIMBOYHOE M PacTUTE/IbHBIE Mac/a, KOTOpbIE
6oratbl oMera-6 >XMPHBIMM KUCTIOoTaMu. B pesynbrare mo-
CTYIUIEHUE OMera-6 3HauNTeIbHO IIPEeBbBIIIaeT OMera-3, 1
He COOMIONAI0TCA VX PeKOMEeH/[yeMble COOTHOLIEHNA.

B cBs13U € 3TMM CTAaHOBUTCSI OUEBUIHBIM Ile/Ieco06pas-
HOCTb OOOTalieHus HpPOAYKTOB MCTOYHMKAMM OMera-3
JKUPHBIX KVUCTIOT.

Ilenp paboThl: VI3yunTh BAMsIHME TEIIOBOI 06paboT-
ki (67aHIIMPOBaHUs) HA U3MEHeHUe >KMPHOKMCIOTHO-
TO COCTaBa JIMIMAHON YacTy papireit u3 Msaca UHACTIKM,
BK/IIOYAIOIIVIX PAaCTUTE/IbHbIE Macla ¥ O00OraleHHBIX
JIbHSHBIM MaC/IOM.

OO0'BEKTHI I METOMBI MICCTIETOBAHILA

O6bekTaMy  MCCTIENOBaHMUA CIY>KUIN  MOJE/IbHbIE
KoMmmosuuyy Qapiuert U3 Msaca MHOEHKY C BKIOYEHNEM
PacTUTENbHBIX Maces (IIOICOTHEYHOTO MU KYKYPY3HOTO,
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of cells and cellular components [2, 3]. Polyunsaturated
fatty acids (PUFAs) of the omega-3 and omega-6 families
are the necessary components of food for all vertebrates.
Their presence and, mainly, the ratio, determine the lipid
metabolism status, the degree of predisposition to cardio-
vascular disease, disorders of the visual and nervous func-
tion, allergic diseases, development of inflammatory pro-
cesses [2, 4,5, 6,7]. At the genetic level, polyunsaturated
fatty acids (PUFAs) of the omega-3 and omega-6 families
control gene expression in different organs [8, 9] and tis-
sues [10, 11, 12]. The majority of these omega-6 and ome-
ga-3 fatty acids supplied by the diet (50-70%) are spent on
the energy needs of humans [13, 14]. Only a small part of
polyunsaturated fatty acids (PUFAs) supplied by the diet is
transformed into docosahexaenoic acid and eicosahexae-
noic acid [1, 15], which are the main acids in the cellular
membranes of the retina of the eye and the precursors of
the local hormones of the cellular regulation that influence
the processes of inflammation, regulation of the blood cir-
culation, full-term pregnancy, etc. [16].

According to the methodical recommendations
MR 2.3.1.2432-08, the norm of consumption for omega-6
fatty acids should be 5-8% of the caloricity of a daily diet, for
omega-3 1-2%; that is, the recommended omega-6: ome-
ga-3 ratio should be 5:1, and for people suffered from car-
diovascular disease, the optimal omega-6: omega-3 ratio is
to be 2:1 - 3:1 [15].

The recommended daily intake of PUFAs for reducing
the risk of development of cardiovascular disease should
be 500-1000 mg [17, 18, 19, 20].

Poultry meat is widely used in the diet of modern hu-
mans. The fatty acid composition of lipids in turkey meat
is presented in Table 1.

Lipids of poultry meat are rich in PUFAs; however, they
contain mainly omega-6 fatty acids. The omega-6: omega-3
ratio is high (12 units for lipids in chicken and 25 for lipids
in turkey) compared to the recommended ratio (not more
than 10). Moreover, vegetable oils and butter, which are
rich in omega-6 fatty acids, are used additionally in the in-
dustrial production of semi-prepared products, sausages,
culinary products and canned food. As a result, the intake
of omega-6 is significantly higher than that of omega-3,
and the recommended ratios are not adhered to.

In this connection, the expediency of product enrich-
ment with the sources of omega-3 fatty acids becomes
obvious.

The aim of the work: To study the influence of thermal
treatment (blanching) on changes in the fatty acid com-
position of the lipid fraction of minced turkey meat with
inclusion of vegetable oils and enriched with linseed oil.

Materials and methods:

The subjects of the research were the model formula-
tions of minced turkey meat with inclusion of vegetable
oils (sunflower, corn, olive or soya) or butter and enriched
with linseed oil ensuring the omega-3:omega-6 ratio of
7.1+0.6 units.

Minced meat formulations included the basic (control)
ratio of the components (81.6% of turkey meat; 3.0% of
starch; 0.2% of table salt; water) and differed in the content
of vegetable oils and butter: sunflower and linseed (for-



THEORY AND PRACTICE OF MEAT PROCESSING N1 | 2016

WIN ONIMBKOBOTO, WIM COEBOTO) VUIM CIMBOYHOTO Macia,
o0oraileHHbIX JbHAHBIM MacaoM, o0ecredynBaromne co-
OTHOIIIeHNs oMmera-6:0Mera-3 7,1+0,6 emurHumII.

Kommosunum ¢apureit Bkmodanmu 6a3oBoe COOTHO-
IIeH)e KOMIOHEHTOB (KOHTPO/b) %: MACO uHpeikn 81,6;
Kpaxman 3,0; conb nmosapenHas 0,2; Bojga M OTINYAINCDh
cofiep>KaHMEM PacTUTENIbHBIX ¥ CIMBOYHOTO Macesl: MOf-
COJIHEYHOTO U JIBHAHOTO (KOMHO3MLMY 2); OTMBKOBOTO
U JIBHAHOTO (KOMITO3UIIVA 3); COEBOTO U JIBHAHOTO (KOM-
no3unysA 4); KyKypy3HOTO U JTbHAHOTO (KOMITO3UINA 5);
CIMBOYHOTO U JIbHAHOTO (Kommosuius 6) (ta6b. 1).

IIpn cocraBneHMy KOMIIO3UIIUIL MICHO/Ib30BAIM PacTH-
Te/IbHbIE Mac/Ia IePBOTO OT>KMMA, BRIPAOOTaHHbIE HA OTeYe-
CTBEHHBIX NPENIPUATUAX (KpOMe ONMBKOBOIO — MMIIOPT-
HOTO IIPOU3BOJICTBA), KOTOPbIe BBOAVINCD B (papIll MHAEIKN
Ha CTaJyM €TO IepeMellBaHNA C JPYTYMI KOMIOHEHTaMI
PpenenTypal JO MOMy4eHNA OFHOPOLHON CTPYKTYPBIL.

J1 M3ydeHus KMPHOKIUCIOTHOTO COCTaBa MCIONb30Ba-
M MAICO CaMOK MHJIeeK B BO3pacTe 6 MecsALeB U MACO CaMOK
LBIIAT-OpOiIepoB B Bo3pacTe 42 CyT. YC/IOBUSA COfiepKa-
HUA ¥ KOPMJIEHVA NITUIIBI B COOTBETCTBUM C MeTomdeckn-
MM peKOMeH/AIAMY 10 oTKopMy ntyiel (BHVTHII).

Il mccnenoBaHus BAMSHMA TEIUIOBOM 06pabOTKM
¢dapum popmoBanu B Busie ppuKkazenek u OIaHIIMPOBaA-
M B BOJie ¢ TeMIiepaTypoii 95+2 °C 10 JOCTVDKEHUA TeM-
neparypsl BHyTpu npogykra 701 °C.

Omnpepnenenne >KMPHOKUCTIOTHOTO COCTaBa IPOBOAMIN B
0060TalleHHBIX CBIPBIX U OMIAHIIMPOBAHHBIX KOMIOSUIVISX,
KOHTPOJIEM CITY>XIWT (papIll 13 KyCKOBOTO MsICA MHJETIKIA.

Mertop omnpefnenenns XMPHOKUCIOTHOTO COCTaBa

OKCTpaKLUIO IUINAOB U3 CpefHeil MpoObl, CMeIlaH-
HOJI ¢ 0e3BOJHBIM CEPHOKMCTIBIM HATpueM, IpPOBOAVIIN
x1opopopmom. IlomydeHne MeTHIOBBIX 3QUPOB KUp-
HbIX KUCIOT: 40-50 MI' 3KCTparMpoOBaHHbBIX JUIIAJOB U
1-2 mr antnokncmurensa BHT momemann B mpobupky c
3aBMHYMBAIOIEIICSA KPBILIKON, pacTBOPs/IN B 1 cM’ rekca-
Ha, go6asmsu 5 cm® pactBopa HCl B MeTanone KoHIeH-
Tpalueil 3 MO/Ib/IM’, IJIOTHO 3aKpBIBaIM Te(IOHOBOII
KPBIIIKOM ¥ BbIJjepXuBanyu B TepMocrare 80 MMH IIpu
temnepatype 60 °C c nepuon4ecknm nepeMeIiBaHmueM.
ITocne oxmakgeHMsA METaHOIbHBIN PacTBOP CMENIMBAaJIN

Table 1. Fatty acid composition of lipids in chicken and turkey meat
Ta6muua 1. Kommosuuun ¢apieit u3 Msaca nHAeNKn

mulation 2); olive and linseed (formulation 3); soya and
linseed (formulation 4); corn and linseed (formulation 5);
butter and linseed (formulation 6) (Table 2).

When developing formulations, virgin vegetable oils
from national manufacturers (except imported olive oil)
were used. Vegetable oils were introduced into the minced
turkey meat at the stage of its mixing with the other recipe
components until obtaining a homogenous structure.

To study the fatty acid composition, meat of female
turkeys at the age of 6 months and meat of female broiler
chickens at the age of 42 days was used. The conditions
of poultry keeping and feeding corresponded to the Me-
thodical Recommendations on Poultry Feeding (VNITIP).

To study an effect of thermal treatment, minced meat
was formed in meat balls and blanched in water with a
temperature of 95+2 °C until reaching a product core tem-
perature of 70£1 °C.

The fatty acid composition was determined in the en-
riched raw and blanched formulations; minced meat from
turkey meat in pieces served as a control.

Method for determination of fatty acid composition:

Lipids from an average sample mixed with anhydrous
sodium sulfate were extracted with chloroform.

Preparation of methyl esters of fatty acids: 40-50 mg
of extracted lipids and 1-2 mg of antioxidant BHT were
placed in a screw capped tube, 1 cm? of hexane was dis-
solved, 5 cm? of the HCl solution in methanol with a con-
centration of 3 mol/dm?® was added, a tube was closed
firmly with a Teflon lid and held in a thermostat at a tem-
perature of 60 °C for 80 min. with repetitive stirring. After
cooling, the methanol solution was mixed approximately
with 10 cm?® of the 10% aqueous solution of sodium chlo-
ride, the methyl esters were extracted with hexane (the to-
tal volume of hexane was 8-10 cm®) and the obtained hex-
ane solution of methyl esters was analyzed by gas-liquid
chromatography using the gas chromatograph Cristall-
2000M with a flame ionization detector and the capillary
column Supelco Omegawax 320 (length: 30 m, internal
diameter: 0.32 mm, liquid phase thickness: 0.25 um). The
conditions of chromatography: carrier gas - nitrogen;
sample injection (1 mm?) with split ratio of 40:1; vaporizer

Content of components, % | CogepxaHue KOMIOHEHTOB, %

Raw material | in the formulations with oils | B koMmosuumsx ¢ Macmamu
Hanmenosanite coipb control | 5 sunflower | olive | corn | butter |

S nojconHeynsM | omuBkoBbiM | SO0 | coepn KYKYPY3HBIM | CIMBOYHBIM
Turkey meat | Msico unpeitku 81.60 81.60 81.60 81.60 81.60 81.60
Starch | Kpaxman 3.00 3.00 3.00 3.00 3.00 3.0
Table salt | Conb noBapennas 0.20 0.20 0.20 0.20 0.20 0.20
Water | Boga 15.20 11.70 11.70 11.70 11.70 11.70
0il: Macro:
linseed | npHsAHOE - 1.25 0.98 0.90 1.18 0.92
sunflower | mogconneynoe - 2.25 - - - -
olive | omuBKOBOE - - 2.52 - - -
soya | coeBoe - - - 2.60 - -
corn | KyKypysHoe - - - - 2.32 -
butter | ciuBounoe - - - - - 2.58
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Table 2. Formulations of minced turkey meat

Ta6muua 2. JKupHOKMCTOTHBII COCTaB TUIUOB MsCa IBIIUIAT M MHAEIKN

) Code of fatty Mass fraction of fatty acids, % of the sum of fatty acids |
Fatty acid | acid | Kop, | MaccoBast o/st )KUPHBIX KUCTIOT, % OT CyMMBI KUPHBIX KHCTOT
HanmenoBanue >XMPHbBIX KUCTOT ; .
KIICTOTBI Chicken | [[pimisTa Turkey | Unpeiika
Saturated: | HacpimeHnsie: 32,53+0.36 27.34+0.36
Decanoic | [lekanoBas 10:0 Traces | Crepp1 Traces | Crepp
dodecanoic (lauric ) | Jomexanosas (maypunoBas) 12:0 32.5310.36 27.34+0.30
Tridecanoic | TpupexanoBas 13:0 0.03+0.01 0.03+0.01
%etradecanmc (myristic) | 14:0 0.05+0.02 )
eTpaekaHoBas (MUPUCTHHOBAS)
Pentadecanoic | [lentagekanoBas 15:0 1.53+0.05 0.47+0.04
Isohexadecanoic | MisorexcanoBas 16:0 iso 0.14+0.01 0.09+0.01
Hexadecanoic (palmitic ) | TekcanoBas (mansMuTiHOBast) 16:0 0.03+0.01 -
Heptadecanoic (margaric) | 17:0 24.99+0.27 21.71+0.24
TenrrajiekanoBast (MaprapuHoBas)
Octadecanoic (stearic ) | OxragexaHoBas (creapuHoBas) 18:0 0.42+0.04 0.12+0.01
Monounsaturated: | MoHOHeHacbIl[eHHbIE: 5.34+0.06 4.92+0.05
s e rpamts (il ) | 14:1 50.91+0.56 36.27+0.40
TerpapgeneHoBas (MMpHCTOTEMHOBAS)
Hexadecenoic (palmitoleic) | 16:1 0.39+0.03 0.15+0.01
TexcaenenoBas (I1aIbMUTOIEMHOBASA)
Heptadecenoic | TentagenenoBas 17:1 9.56+0.11 5.55+0.06
Octadecenoic (oleic) | OkTagenenoBas (onenHoBas) 18:1 0.33+0.03 0.08+0.01
Eicosenoic (gadoleic) | ditkoseHoBas (ragonenHoBas) 20:1 40.03+0.44 30.22+0.33
Polyunsaturated: | llomnHeHacbIeHHbIE 0.6+0.05 0.27+0.02
Octadecadienoic (linoleic) | 18:2n6 16.56+0.18 35.22+0.39
OKTajgeKagueHoBas (IMHoIeBast) 18:2n3
Octadecatrienoic (alpha-linolenic ) | 18:3n3 15.94+0.18 34.15+0.38
OkrajiekarpueHoBasi (a-TMHOTEHOBAs) : 0.39+0.03 0.08+0.01
Elucosatetraenmc (arachidonic) | 20:4n6 0.16+0.01 0.7+0.06
JiiKo3aTreTpaeHoOBas (ApaxMIOHOBAs)

¢ npumepHo 10 cm® 10%-HOTO BOJHOTO pacTBOpa XIOpHUia
HATpMs, SKCTPArMpOBAIM METWUIOBbIe 3(UPbI FeKCAHOM
(o6mmit 06beM rexcaHa 8-10 cM?) M HONTYYEHHBIIT TeKca-
HOBBIJI PAacTBOP METW/IOBBIX 3(MPOB aHAIU3NPOBAIN
METOJOM Ta3OKMAKOCTHOM XpoMmarorpaum ¢ VCIONb-
30BaHMeM rasoBoro xpomarorpada Kpucramn-2000M
C IUTAMEHHO-VIOHM3ALJVOHHBIM JHEeTeKTOPOM I Kamw-
nspHON KomoHkoit Supelco Omegawax 320 (mmHa 30 M,
BHyTpeHHUi guaMeTp 0,32 MM, TONIIVHA >XUAKON (asbl
0,25 MmkM). YcrnoBust xpomaTtorpadupoBaHus: ra3-HOCHU-
Telb a30T; BBOA MpobbI (1 MM*) ¢ menennem motoka 1:40;
TemnepaTypa mcnapurens 250 °C; Temmeparypa TepMo-
crara kKonoHkn 200 °C (aHam3 mpob co CIMBOYHBIM Ma-
CJIOM IIPOBOAWICS B PeXXUMe IIPOrpaMMIPOBAHMsI TeMIIe-
parypsl komoHKM oT 120 10 200 °C). s kaxkgoro obpasia
IPOBOAMICA aHA/IN3 TPeX UAGHTUYHBIX Ipob. ObpaboTka
Ppes3y/IbTaTOB aHa/MN3a: NAeHTU(UKALVA IMKOB Ha XpOMa-
TOIpaMMax IIPOBOAIMIACDH C IIOMOIIbIO NHAIEKCOB YACPXKU-
BaHns KoBada, a Taxoke cpaBHEHUEM C XpOMAaTOIPaMMOI
CTaHJAPTHOI CMeCU METMIOBBIX 3(UPOB >KUPHBIX KIC-
not PUFA-2 (Supelco) n ¢ xpomaTorpaMmamu >XMpOB 1
Macesl C XOpOLIO M3BECTHBIM >KMPHOKMC/IOTHBIM COCTa-
BOM. MaccoBYI0 JOMI0 MHAVBUAYAIbHBIX )KUPHBIX KICTIOT
PacCUUTHIBAIM OTHOCUTEIBHO CYMMAapHOTO COfiepyKaHNA
BCeX XKMPHBIX KMC/IOT KaK OTHOLICHNe IO IV MIMKa Me-
TWIOBOTO 3¢upa XVPHON KUCIOTHL K CyMMe IUIOLIajeit
BCeX MMKOB Ha XpOMATOrpaMMe C Y4eTOM IIOIIPAaBOYHbBIX
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temperature — 250 °C; column thermostat temperature -
200 °C (an analysis of the samples with butter was carried
out in the regime of column temperature programming
from 120 to 200 °C). For each sample, an analysis of three
identical specimens was carried out.

Processing of the analysis results: identification of the
peaks on the chromatograms was carried out using Kovats
retention indices and by comparing with the standard
mixture of methyl esters of fatty acids PUFA-2 (Supelco)
and the chromatograms of fats and oils with well-known
fatty acid compositions. The mass fraction of the individ-
ual fatty acids was calculated relative to the total content
of all fatty acids as the ratio of the peak area of a fatty acid
methyl ester to the sum of areas of all peaks on the chro-
matogram taking into consideration the correction factors
for the differences in the molecular masses of methyl esters
and fatty acids (when processing the data for the samples
with butter, the factors were also used for the detector re-
sponse for fatty acids with the chain length of less than 12
carbon atoms).

For each sample, an analysis of three identical speci-
mens was carried out and the mean values and confi-
dence limits of random measurement errors (the value of
confidence probability 0.95) were calculated according to
ISO 2602:1980 ‘Statistical interpretation of test results -
Estimation of the mean - Confidence interval’
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K09 PUINMEHTOB Ha pas3jnyue MOIEKY/IAPHBIX MacC Me-
TUIOBBIX 9QUPOB M >XUPHBIX KUCIOT (Ipu 06paboTke
[aHHBIX 110 0OpasIaM C CIMBOYHBIM MAC/IOM UCIIOIb30Ba-
JIMCh TaK)Ke TIONPaBKY Ha OTKIIUK JIeTEKTOPa /15 >KUPHBIX
KICJIOT C IIVHOJ Ilen MeHee 12 aTOMOB yI/Iepozia).

Ilna kaxgoro obpasija IPOBOAWICSA aHAINU3 Tpex
UIEHTUYHBIX TPOO U BBIYKCIISIUCH CpeHIe 3HAYEHUsT U
JIOBEpPUTE/IbHbIE TPAHMIIBI C/TyYaifHOI MOTPELTHOCTU U3-
MepeHnit (ypoBeHb HOBEpUTeIbHON BepoATHOCTH 0,95)
mo ISO 2602:1980 ‘Statistical interpretation of test results
- Estimation of the mean - Confidence interval’

C6amaHCHPOBAHHOCTD >KUPHOKVCIIOTHOTO COCTaBa MO
mertony JIumarosa H.H., onpenensamm no popmymam:

KoadduimeHT XMpHOKMCIOTHOI cHamaHCUPOBAHHO-

ctu, RL, gor. en.:
1
6 6
R, = Hdu
i=1

rpe L- MmaccoBast 0N i-OM JKUPHOM KUCTIOTHL B
npopykre, /100 r xupa;

Lai MaccoBadg [JONnA 1-OM OKUPHOM  KUCJIOTHI,
COOTBeTCTByMOIass  (puamonormveck  HeoOXORMMOII

HopMe (3Tanony), /100 r >xupa;

L

-1

L,

L

opu L, <L . d, =—-; L 2L, d,

21’ 91’

i 3

Pe3ynbrarsl u ux 06cyKaeHMe

JKupnoxkucnorHsit coctas u copepxanne INTHKK B
MfCe IITUIBI M VICHO/NIb3YeMbIX PaCTUTENbHBIX M CIMBOY-
HOM Mac/aX, a TakKe (aplIeBbIX KOMIIOSULMAX Ipef-
CTaBJIeHHI B Ta61I. 2, 3, 4, 5.

[Tory4yeHHBIe HAMU JAHHBIE IO COfEP>KAHNMIO OMera-3
U oMeTa-6 XXVMPHBIX KIC/IOT B MsACE IITUIBI M PaCTUTENb-
HBIX Mac/IaX CBUJETeIbCTBYIOT O BBICOKOM COZEpPKaHNMI
oMera-3 B JIbHAHOM ¥ CO€BOM MacC/laX II0 CPaBHEHUIO C
LPYTYMU BUJJaMU CBIPbs (TAO. 4).

YCTaHOB/IEHO, YTO IIPYM VCIONb30BAaHUM B COCTaBe
MSCHBIX KOMIIO3UIIMII C MSACOM LBIIUIAT-OPOIIepOB B
Ka4ecTBe >KMPOBOrO KOMIIOHEHTa 2,6% coeBOro Macia
COOTHOIIEHNE OMera-6/oMera-3 CABUTaeTCsi B CTOPOHY
OINITMMAJIBHOTO, JOCTNUIasA 3Ha4eHMsA 6 emmuum. IIpm mc-
HO/Tb3YeMBIX JPYTVX BUIOB PACTUTENIbHBIX Macel B code-
TaHUY C MACOM ITHUILBI (LBIIUIAT-OPOIIIEPOB U MHEIIKN)
HeOoOXO0MMO BBeJleHMe TbHAHOro Macia [21, 22].

WsBectHo, uto ITHYKK B mporjecce TennoBoit 06paboT-
KNI TIpeTepIieBaloT usMeHeHys [23]. B cBA3m ¢ atM Hamn
U3y4YeH >KVPHOKMCIOTHBI COCTaB Pa3pabOTaHHBIX KOM-
HO3ULIMI ¥ MCC/IEfOBAHO BJIMsHVE TEIIOBOI 00paboTKM
(6maHImMpOBaHMA) Ha ero u3MeHeH1e. KOHTpomeM cy>xun
dapi u3 msca uHAeKU 6e3 BBeIEHMs JIbHSIHOTO Maciia.
Pesy/bTaThl MCCIEOBAHNI IPECTAaB/IeHBI B TAOI. 5, puc. 1.

AHanma O>KMPHOKMCIIOTHOV cOalaHCUPOBAaHHOCTU
oboraileHHbIX Qapuieil 0 U IOCIe TeIIoBoi obpa-
OOTKM CBUJETENbCTBYeT, YTO BO BCeX KOMIIO3UIMAX
OTHOUIEHME OMera-6:0Mera-3 HECKOIbKO IOBBIIIAETCA
(puc. 1). B oboramenHpix ¢apuiax mo TemIoBoi obpa-
60TKI 3TO OTHOILIEHME COCTaBUIIO OT 6,5 0 7,7 eNUHNLI,
B TO BpeMA KaK B KOHTPOJIE OHO COCTAB/AET 42 e[IVIHUIIBL.
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Balance of the fatty acid composition was determined
by the equations according to the method of Lipatov N.N:
The coefficient of fatty acid balance, RL, submultiple

units:
1
6 6
RL = (H du]
i=1

where L- mass fraction of i fatty acid in a product,
g/100 g of fat;

L, - mass fraction of i fatty acid corresponding to the
phy51010g1cally necessary norm (reference), g/100 g of fat;

-1
RIS e

a1’

whenL <L d,,

21!

£l 21

Results and discussion

Fatty acid composition and PUFA content in poultry
meat, used vegetable oils and butter, as well as the minced
meat formulations are presented in Tables 2, 3, 4, 5.

The data obtained by us on the content of omega-3 and
omega-6 fatty acids in poultry meat and vegetable oils in-
dicate the high content of omega-3 in linseed and soya oils
compared to other types of raw material (Table 4).

It was established that upon using 2.6% of soya oil as a
fat component in the meat formulations containing chick-
en, the omega-6/omega-3 ratio is shifted towards the op-
timal value achieving 6 units. When using other types of
vegetable oils in combination with poultry meat (broiler
chickens and turkey), it is necessary to incorporate linseed
oil [21, 22].

It is well known that PUFAs undergo changes during
thermal treatment [23]. In this connection, we studied the
fatty acid composition of the developed formulations and
an effect of thermal treatment (blanching) on its changes.
Minced turkey meat without addition of linseed oil served
as a control. The results of the investigations are presented
in Table 5, Fig. 1.

An analysis of the fatty acid balance of the enriched
minced meat before and after thermal treatment sug-
gests that the omega 6:omega 3 ratio slightly increased
in all formulations (Fig. 1). In the enriched minced meat
before thermal treatment, this ratio was 6.5 to 7.7 units;
while in the control it was 42 units. The omega 6:omega
3 ratio after thermal treatment was 6.5 to 8.0 units for
minced meat formulations that included vegetable oils in
combination with linseed oil. In the formulation with a
combination of butter and linseed oil, this ratio increased
significantly and was 9.2 units, which suggests significant
changes in the fatty acid composition compared to the
others. In the control, this ratio in minced turkey meat
after thermal treatment was 44 units.

An analysis of the results of the conducted investiga-
tions showed that all formulations had the high content
of PUFAs (Table 6). This corresponds to the indicators of
the fatty acid balance, which were RL1...3=0.47 - 0.57 and
RLI...6 = 0.32 - 0.37 units for the enriched minced meat
before thermal treatment and 0.48 - 0.57 and 0.31 - 0.38
units after thermal treatment, respectively (Table 7).
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Table 3. Fatty acid composition of oils being constituents of the products under investigation
Ta6muua 3. JKupHOKMCTOTHBIIT COCTaB MaceT, BXOAAIINX B COCTaB MCCTEAyeMbIX IPOTYKTOB

F . it o.f Linseed S}lnﬂower Olive oil Soyaoil | Sunflower Butter
atty acid | et | macmo oil | macro | macmo | macmo | oil | macmo | |macmo
HanMeHOBaHMe XUPHBIX KUCTOT | Kox Top-
cncnorsr| TPHAHOE | o ioe | OTMBKOBOE | CO€BOe | KYKYDY3HOE| CIMBOYHOE
1. Butyric | Macnsinas C4:0 3.28+0.10
2. Caproic | Kanponosast C6:0 2.2+0.07
3. Caprylic | Kanpunosas C8:0 1.40+0.04
4. Capric | Kanpunosas C10:0 2.79+0.09
5. Decenoic | [TenenoBas C10:1 0.27+0.023
6. Lauric | JlaypunoBas C12:0 | 0.01+0.001 0 0 0 0 4.83%0.15
7. Lauroleic | TayponenHoBas C12:1 0 0 0 0 0 0.12+0.01
8. Tridecanoic | TpupexaHoBas C13.0 | 0.01+0.001 0 0 0 0 0.08+0.01
9. Myristic | MupucrusoBas C14:0 | 0.05+0.004 | 0.08+0.007 | 0.02+0.002 | 0.08+0.007 | 0.04+0.003 | 10.04+0.11
10. Myristoleic | Mupucronennosas C14:1n5 0 0 0 0 0 0.75+0.065
11. Pentadecanoic | IlentaekanoBas C15:0 | 0.02+0.002 | 0.02+0.002 | 0.01+0.001 | 0.04+0.003 | 0.01+0.001 | 0.95+0.030
12. Pentadecenoic | IlenTapenenoBas C15:1 | 0.01£0.001 | 0.01+0.001 | 0.01+0.002 | 0.02+0.001 | 0.01+0.003 | 0.21+0.018
13. Palmitic | 13. [lanbMuTHHOBAS C16:0 | 5.72+0.06 | 6.78+0.07 | 10.37+0.11 | 9.03+0.10 | 10.67+0.12 | 32.13+0.35
14. Palmitoleic | 14. ITanbMuTonenHoBas Cl6:1 | 0.09+0.008 | 0.13+0.011 | 0.73%0.053 | 0.11+0.011 | 0.17+0.015 | 1.44+0.12
15. Hexadecadienoic | TexcagekaauenoBas | C16:2n6 0 0.01+0.001 0 0 0.01+0.002 | 0.41+0.036
16. Margaric | MaprapuxoBas C17:0 | 0.05+0.004 | 0.04+0.003 | 0.05%0.004 | 0.07+0.006 | 0.06+0.005 | 0.63+£0.055
17. Heptadecenoic | MapraponeBas C17:1 | 0.03+£0.003 | 0.02+0.002 | 0.08+0.007 | 0.04+0.003 | 0.04+0.003 | 0.3+0.022
18. Stearic | CreapunoBas C18.0 | 4.08+0.13 | 3.54+0.11 | 2.4+0.08 | 4.14+0.13 | 1.94+0.06 | 9.75+0.11
19. Trans- oleic | Tpauc-omennoBas C18:1t 0 0 0 0 0 0.04+0.003
20. Oleic | OmennoBas C18:1 | 17.32+0.19 | 20.42+0.22 | 79.19+0.67 | 21.28+0.23 | 33.29+0.37 | 29.47+0.32
21. Trans-linoleic | Tpanc-nuuonesas C18:2tt 0 0 0.02+0.002 | 0.07+0.006 0 0.38+0.033
22. Linoleic | TunoneBas C18:2n6 | 15.07+0.17 | 67.31+0.74 | 5.45+0.06 | 59.34+0.55 | 51.39+0.57 | 3.32+0.11
23. Alfa- linoleic | Anba-nunonesas C18:2n3 0 0 0 0.03+0.004 0 0
%;‘Mﬁ:‘?l‘v‘[’:();‘;‘:};:"f | C18:3n6 | 0.020.002 | 0.010.001 | 0.010.001 | 0.010.001 | 0.10::0.009 | 0.43+0.037
25. Alfa - linolenic | Anppa-nunonenosas | C18:3n3 | 56.42+0.52 | 0.07£0.006 | 0.56+0.049 | 3.36+0.29 | 0.76+0.066 | 0.62+0.054
26. (‘)’égﬁ;‘;ﬁfgig‘;‘;ﬂ C18:4n6 | 0.03+0.003 | 0.03+0.003 | 0.01+0.001 | 0.07:0.006 | 0.02::0.002 | 0.75+0.065
27. Arachidic | ApaxunoBas C20:0 | 0.14+0.012 | 0.22+0,019 | 0.4+0.035 | 0.29+0.025 | 0.42+0.037 | 0.19+0.017
28. Gadoleic | Taponennosas C20:1 | 0.16x0.014 | 0.18+0.016 | 0.31+0.027 | 0.3£0.026 | 0.34+0.030 | 0.06+0.005
29. n6- Ficosadienoic | n6-siikosaguenosas | C20:2n6 | 0.02+0.002 | 0.01+0.001 0 0.02+0.002 | 0.02+0.002 | 0.10+0.009
30. n6-Eicosatrienoic | n6-siikosarpuenosas | C20:3n6 | 0.03+0.003 | 0.01+0.001 | 0.02+0.002 | 0.01+0.001 | 0.01+0.001 | 0+0.000
31. Arachidonic | ApaxuponoBas C20:4n6 0 0 0 0 0 0.02+0.002
32. n6- Eicosapentacnoic| C205n3| 0 0  |003:0003| 0 |0.01£0.001 | 0.01:+0.001
33. Behenic | berenosas C22:0 | 0.12+0.010 | 0.59+0.051 | 0.13+0.011 | 0.47+0.041 | 0.17+0.015 | 0.06+0.005
34. Erucic | 9pyxoBas C22:1 | 0.02+0.002 | 0.06+0.005 | 0.01+0.001 | 0.04+0.003 | 0.06+0.005 | 0.07+0.006
35. n6-Docosadienoic | n6-moxosaguenoBas | C22:2n6 | 0.04+0.003 0 0 0 0 0
36.n3- Docosapentaenoic | n3-goxo3anenraerosast | C22:5n3 0 0 0.01+0.002 0 0.02+0.002 0
37. n3- Docosahexaenoic | n3-goko3arexcaenosas| €22:6n3 0 0 0 0 0 0
38. Lignoceric | /lurnomepnnosas C24:0 | 0.07+0.008 | 0.20+0.019 | 0.06+0.007 | 0.15+£0.014 | 0.16+0.016 | 0.01+0.001
39. Nervonic | HepBoHoBas C24:1 | 0.02+0.002 | 0.03+0.004 | 0.02+0.001 | 0.02+0.003 | 0.03+0.004 0
&0: Others é'}ﬁi‘p‘:;;‘;;‘}f(g;hup‘)l;aﬂm) 0.45+0.039 | 0.24+0.021 | 0.10+0.009 | 1.01:£0.088 | 0.24:+0.021 | 2.830.246
Sum of saturated fatty acids | Cymma HachIIeHHBIX 10.27+0.10 | 10.2740.10 | 11.47+0.11 | 13.44+0.12 | 14.26+0.13 | 68.34+0.64
2‘;‘;‘;: ;{“o‘;‘:":{‘;‘]‘fg‘:;ﬁglﬂﬁgy acids | 17.65+0.16 | 17.65+0.16 | 20.85:£0.19 | 80.35:£0.75 | 21.80:£0.20 | 32.69:£0.30
2‘;‘;‘;33:4‘:{'?:;?3‘53{23f;‘g{‘;’fg)‘l‘:‘“g | 71.6420.67 | 67.45+0.63 | 6.09+0.06 | 62.86:0.58 | 52.34+0.49 | 5.66+0.05
omega-3 | omera-3 56.42+0.52 | 0.07+0.007 | 0.60+0.057 | 3.40+0.32 | 0.79+0.075 | 0.63+0.06
omega-6 | omera-6 15.21+0.43 | 67.38+0.89 | 5.49+0.15 | 59.46+0.66 | 51.55+ 0.64 | 5.03+0.14
Sum of trans-isomers | Cymma TpaHc-usoMepoB 0 0 0.02+0.003 | 0.07+0.009 0 0.42+0.05
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OTHouleHne omera-6:oMmera-3 B dapirax mocue Temmo-
BOII 00paboTKm cocTaBmmo ot 6,5 mo 8,0 eguHUI] st
KOMIO3m1uit hapiuei, BKIIOYAIOMINX PACTUTEIbHbIE Ma-
C/1a B COYeTAaHUM C IbHAHBIM MAac/IoM. B kommosunun xe,
UCIOb3YIOLIell COYeTaHNe CIMBOYHOTO C JIbHSAHBIM Ma-
CJIOM 3TO OTHOILIEHME YBEMYUIOCh 3HAUUTETbHO U CO-
CTaBMU/IO 9,2 eAMHUIIBI, YTO CBUJETEIBCTBYET O OOBIINX
IIpeBpalleHNAX XUPHOKMUCIOTHOTO COCTaBa 9TON KOM-
MTO3VIMM IO CPABHEHMIO C OCTATTbHBIMU. B KOHTpOIIE 9TO
oTHOIIeHNMe B (dapiie U3 MsIca MHAENKY IOC/Ie TeI0BOIT
06paboTKM coCTaBUIO 44 eUHULIBL.

AHanmu3 pe3y/nbTaTOB IPOBENEHHBIX JCCIEHOBAHMIA
IIOKAa3aJjI, YTO BCe KOMIO3UIIUI MMEIOT BBICOKOE COfieprKa-
uye ITHXKK (tabm. 6). 910 cornmacyercs co 3sHaYCHUAMU
MmoKasaTereil KMPHOKUCIOTHO COanaHCMPOBAaHHOCTH,
cocrapngomumu RL1...3=0,47 — 0,57 u RL1...6 = 0,32 -
0,37 eguHun1y 1151 o6oraieHHbIX (apIiert [0 TemI0Boit 06-
pabotku u 0,48 - 0,57 u 0,31 — 0,38 eguHMI] TOCIIE TETUIO-
BOIT 06pabOTKY COOTBETCTBEHHO (Tab1. 7)

Kak BMJHO M3 HaHHBIX, MPUBEIEHHBIX B TA0OMI. 7, MO-
cne Bapku yBenmuubaerca gona HIKK, kpome kommosn-
LU CO CIMBOYHBIM MAc/lIOM, B KOTOPOIl YBeINIMBAETCs
mona MHJKK, n yMeHbImaeTcss BO BCEX KOMIO3ULMAX
pona ITH)KK. OnHako o n3MeHeHUs He3HAYUTETbHbI U
COCTABIIAIOT [0 5,5% OT MCXOHOTO KONMMYECTBA >KMPHbIX
KICIOT. VI3MeHeHUe >Ke OTHOIIEHUsS oMera-6:omera-3
JKUPHBIX KUCTIOT 6oree cymjectBeHHO. OHO cocTaBisAeT
ot 0,1 egquHNI] B KOMIO3ULIMA HOACOTHEYHOE — JIbHAHOE
Macia fo 2,3 eIMHUIIbI B KOMIIO3UIM CIMBOYHOE — JIbHS-
Hoe Macia, 1,4 n 33,8% cooTBeTcTBeHHO. IIpn sToM cTe-
IIeHb VI3MEHEeHN OTHOIIEHNUA OMera-6: oMera-3 >KMPHBIX
KIIC/IOT He 3aBYICUT OT YPOBHSA BBEIeHN: JIbHAHOTO Macya
B penentypy. Tak, HauMeHblllee U3MeHEHNE YKA3aHHOTO
OTHOIIEHVS] IPONUCXOAUT B peLeNType ¢ HanuboNbIINM
BBefleHreM ybHAHOro Macia (0,80%), a Hambonbliee B

45 -
40 -
35 -
30 -
25 -
20 -
15 -

10 -

[o Tennosow obpaboTku | Before thermal treatment

=1 m2 o3

Table 4. Content of polyunsaturated fatty acids (PUFAs) in
poultry meat and vegetable oil

Ta6muia 4. Cogeprkanue MOMMHEHACHIIEHHBIX XMPHBIX KICTIOT
(ITH)XK) B Msice ITUI[BI M PACTUTENHHBIX MACTAX

PUFA content, % | ] T
Raw material | Copepsxanne ITHXK, % (EOJT‘:IOHI;:]:;J
HaumeHoBanH1e ChIpbs )
w-3 w-6
Chicken | 0.17 2.09 12
Msco UBIIIAT
ﬁlrkey | 0.14 3.57 25
ACO MHIEIKNI
0il: | Macro:
Linseed | 53.30 12.70 0.24
nvHAHOE
Sunflower | 0.20 39.80 199.00
nooconHeuHoe
Soya | coesoe 10.30 50.90 4.90
Olive | 3.40 59.46 17.50
071U6K060€
Corn | 0.79 51.55 65.20
KyKypy3Hoe

As can be seen from the data presented in Table 7, the
SFAs proportion increased after cooking except the for-
mulation with butter, in which the MUFA proportion in-
creased; while the PUFA proportion decreased in all for-
mulations. However, these changes were insignificant (up
to 5.5% of the initial amount of fatty acids). The change in
the omega-6: omega-3 ratio was more significant. It was in
a range from 0.1 units for the formulation with sunflower
and linseed oils to 2.3 units in the formulation with butter
and linseed oil (1.4 and 33.8%, respectively).With that, the
degree of changes in the omega-6:0mega-3 ratio did not
depend on the level of linseed oil addition to a formulation.
For example, the minimal change in the above mentioned

MNocne TennoBon obpaboTku | After thermal treatment

m4 m5 o6

Fig. 1 The omega 6:0mega-3 ratio in minced meat before and after thermal treatment.

1 - minced meat without enrichment.Minced meat containing: 2 - sunflower and linseed oils; 3 - olive and linseed oils;
4 - soya and linseed oils; 5 - corn and linseed oils;6 - butter and linseed oils.

Puc. 1 OTHoOIIEeHME OMeTa-6:0Mera-3 XMUPHBIX KUCIOT B (hapiuax fj0 ¥ Moc/ie TeIIoBoil 00paboTKIL.

1 - dapm HeoboramenHbi. Papmm, cofepkamue: 2 — MONCOTHEYHOE ¥ NbHAHOE MAcma; 3 — OMMBKOBOE U JIBHAHOE MAca;
4 - coeBoe I IBHAHOE MACTIA; 5 — KYKYPY3HOE I JIHAHOE MAC/Ia;6 — CTMBOYHOE I JIbHSHOE MACTIa.
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pelienTypax co cpegHuM ypoBHeM Befiennsa (0,40% n
0,46%). Ilo-BuAMIMOMY, 3TV U3MeHEHMs OOJIbIIIe CBA3aHbI
C BUJIOBBIM COflep>KaHMEM >KVPHBIX KMC/IOT.

Yposenb usmenenus copepxanus HIXKK, MHXKK,
ITH)KK nocre 6maHmmpoBanus IpeAcTaBlIeHo B Tab. 7.

BriBogbr

VsyueH >KMPHOKUCIOTHBIN COCTAaB U >XMPHOKMUCTIOT-
Hasg CcOAIAHCUPOBAHHOCTb JIMIMIHON YacTU paspabdo-
TaHHBIX PELENTYPHBIX KOMIO3NMLMI M3 MsACa MHCWKI,
BK/IIOYAIONIVX PacTUTE/IbHbIE Macia (IOfICOMHEYHOe VN
KYKYpY3HOe, VI OJIMBKOBOE, VIV COeBOE) M/IN CIMBOY-
HOe MacJI0, 000TallleHHbIX IbHAHBIM Mac/IOM.

[ToxasaHO IpeBbIlIeHNE B Pa3pabOTaHHBIX KOMIIO3M-
nuax copepxanua ITHXKK mo cpaBHeHnIo ¢ aTaioHOM

[TonyueHHBIe SKCIIEPMMEHTA/IbHbBIE JaHHBIE IO 000-
Tall[eHNI0 SKMPHOKUCTIOTHOTO COCTaBa (apuieil ¢ Iie-
nbl0 obecredeHrss COANTaHCMPOBAHHOTO COOTHOLICHMS
omera-6:0Mera-3 >XMPHBIX KUC/IOT U YPOBEHb M3MEHEHNA
3TOTO OTHOIIEHN TOATBEPAV/IY BO3SMOXXHOCTD oboralie-
HUA MPOAYKTOB U3 MsACA NTHLBI JIbHAHBIM Mac/lIOM I
HOCTIDKEHNS HYTPUEHTHO-aJleKBaTHOIO COOTHOILEHMS
omera-6:0Mera-3 >KUPHBIX KIC/IOT.

OmpepeneHo, YTO pa3pabOTaHHBIE KOMIIO3VLINU
obecreyrBalOT HYTPMEHTHO-a/IeKBAaTHBIN OalaHC OMera-
6:0Mera-3 >KMPHBIX KICIIOT, He IIpeBblmaomuii 10 egnani,.

ITpy McIIONBb30BaHHOM CIIOCO0€ Y peXXIMe TEIIOBOIL 06-
paborku (67aHIIMpOBaHNe B BOe C TeMIlepaTypoit 9512 °C
JI0 IOCTVDKEHNSA TeMIlepaTypbl BHyTpy npopykra 70+1°C)
cofiepXKaHMe TPAHC-U30MEpPOB XXMPHBIX KUCIOT B (puKa-
IeNbKax He MEeHseTCs B IIpefie/IaX IIOTPEeLIHOCTY M3MepeHMIL.

Wccnenoansl  m3meHenms  cogepxanua  HIKK,
MHKK, ITHXXK u oTHomeHus omera-6:omera-3 >Kup-
HBIX KUC/IOT B paspabOTaHHBIX OOOTallleHHBIX OMera-3
KOMIIO3MIMAX IIPYU TEIJIOBOM Harpese. YCTaHOBJIEHO, YTO
3TU U3MEHEHNs He 3aBUCAT OT YPOBH: BBeleHNUA JIbHAHO-
ro Macja, a 0OyCTIOBIEHBI XMPHOKUCIOTHBIM COCTaBOM
BXOJALIVX B KOMIIO3MLIMIO Macerl.

TertoBass 06paboTKa OKa3bIBaeT He3HAYUTEIbHOE
BIUsHNE Ha J>KMPHOKUCIOTHYIO COaTaHCUPOBAaHHOCTD
HPOJIyKTa, HOABEPIHYTOTO TEIIOBOI 06paboTKe.
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ratio occurred in the formulation with the highest level of
linseed oil addition (0.80%), and the maximum change
was in the formulations with the average level of addition
(0.40% and 0.46%). Apparently, these changes are more re-
lated with the species specific content of fatty acids.

The level of changes in SFAs, MUFAs and PUFAs after
blanching is presented in Table 7.

Conclusion

The authors have studied the fatty acid composition and
fatty acid balance of the lipid fraction of the developed for-
mulations from turkey meat with vegetable oils (sunflower,
corn, olive or soya) or butter enriched with linseed oil.

An increase in the PUFA content in the developed for-
mulations compared to the reference was shown.

The obtained experimental data on the enrichment of
the fatty acid composition of minced meat with the aim
of ensuring the balanced omega-6:omega-3 ratio and
on the level of changes in this ratio confirm the possibil-
ity to enrich food products from poultry meat with lin-
seed oil in order to achieve the nutritionally adequate
omega-6 : omega-3 ratio.

It was found that the developed formulations ensured
the nutritionally adequate balance of omega-6:0mega-3
fatty acids, which did not exceed 10 units.

Under the used method and regime of thermal
treatment (blanching in water with a temperature of
9542 °C until achieving a product core temperature of
7041 °C), the content of the trans-isomers of fatty ac-
ids in the meat balls did not change within the range of
measurement errors.

The changes in SFAs, MUFAs, PUFAs and the omega
6:omega 3 ratio in the developed formulations enriched
with omega 3 upon thermal heating were studied. It was
established that these changes did not depend on the
level of linseed oil addition, but were conditioned by the
fatty acid composition of oils being constituents of the
formulations.

Thermal treatment had an insignificant effect on fatty
acid balance of a product subjected to thermal treatment.
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Table 5. Fatty acid composition of minced turkey meat with addition of vegetable oils or butter in combination with linseed oil before or
after thermal treatment (mass fraction of fatty acids to the sum of all fatty acids, %)

Taéimua 5. )KI/IPHOKMCTIOTHI)Iﬁ COoCTaB (l)apmeﬁ[ ns3s I/IHHeﬁKI/I, COACpKAIINX PACTUTENDHBIC VTN CTNBOYHBIOE MAC/Ia B COYETAHNN C
JIbHSHBIM JI0 ¥ IIOCTIE TeNI0BOI 00padoTKy (MaccoBast O/ XKUPHBIX KICIOT K CyMMe BCeX KUPHBIX KUCTIOT, %)

e e AR Ognriched with sunflower oil |
T e a— oraijeHHbIe C HOJCOMHEYHbIM
Fatty acid | HaumeHoBanne Mactom
before cooking | | after cooking | |before cooking || after cooking |

10 BapKu Hoc/e BapKn 10 BapKH HOC/Ie BapKn
1. Lauric | JlaypuHoBas C12.0 0.03+0.003 0.030+0.003 0.020+0.002 0.020+0.002
2. Myristic | MupucrusoBas C14:0 0.47+0.050 0.480+0.051 0.380+0.041 0.380+0.041
3. Myristoleic | MupucronentHoBas Cl14:1n5 0.15+0.016 0.180+0.019 0.140+0.015 0.130+0.014
4. Pentadecanoic | IlenragekaHoBas C15:0 0.09+0.010 0.110+0.012 0.080+0.009 0.080+0.009
5. Pentadecenoic | IlenTageneHoBas C15:1 0.01+0.001 0.020+0.002 0.010£0.001 0.010+0.001
6. Palmitic | [TansMuTHHOBasA C16:0 21.71+0.24 22.25+0.24 18.26+0.20 18.54+0.20
7. Palmitoleic | [lanbMutonennosas Cl6:1 5.55+0.18 5.45+0.17 4.26+0.14 4.23+0.14
8. Hexadecadienoic | TexcagekamuenoBas C16:2n6 0.16+0.017 0.160+0.017 0.120+0.010 0.120+0.012
9. Margaric | MaprapunoBas C17:0 0.12+0.013 0.130+0.014 0.100+0.008 0.100+0.015
10. Heptadecenoic | Mapraponesas C17:1 0.08+0.009 0.080+0.007 0.070+0.008 0.070+0.007
11. Stearic | CreapunoBas C18:0 4.92+0.16 5.13+0.12 4.73+0.15 4.80+0.19
12. Trans-oleic | Tpanc-omentoBas C18:1t 0.03+0.003 0.010+0.001 0.020+0.002 0.020+0.002
13. Oleic | OnennoBas C18:1 30.22+0.29 30.51+0.34 27.57+0.30 27.85+0.31
14. Trans-linoleic | Tpanc-nunoneBas C18:2tt 0.04+0.004 0.030+0.003 0.020+0.002 0.030+0.003
15. Linoleic | Tnxonesas C18:2n6 34.15+0.38 33.16+0.36 37.57+0.41 37.30+0.41
16. a- linoleic | a-nmuHoneBas C18:2n3 0.08+0.009 0.040+0.004 0.040+0.004 0.080+0.009
17. y- linolenic | y-mnHomeHoBas C18:3n6 0.04+0.004 0.030+0.003 0.030+0.003 0.040+0.004
18. a- linolenic | a-muHoneHOBast C18:3n3 0.70+0.022 0.650+0.021 4.880+0.156 4.720+0.151
rlnzigxfigxcet;f:::;?eﬁzﬂ C18:4n6 0.06+0.006 0.050+0.005 0.050+0.005 0.060+0.006
20. Arachidic | ApaxunoBas C20:0 0.07+0.007 0.090+0.010 0.100+0.011 0.100+0.011
21. Gadoleic | Tagonennosas C20:1 0.27+0.029 0.300+0.032 0.220+0.024 0.240+0.026
22. n6- Eicosadienoic | n6-siikosamuenosas C20:2n6 0.13+0.014 0.150+0.016 0.110£0.012 0.100+0.011
23. n6- Eicosatrienoic | n6-siikosarpueHoBas C20:3n6 0.05+0.005 0.040+0.004 0.050+0.005 0.040+0.004
24. Arachidonic | ApaxupoHoBas C20:4n6 0.29+0.031 0.240+0.026 0.300+0.032 0.220+0.024
23. n6- Bicosapentaenoic | C20:5n3 0 0.030£0.003 | 0.020::0.002 0
26. Behenic | BerenoBas C22:0 0.03+0.003 0.040+0.004 0.120+0.013 0.110+0.012
27. Erucic | 9pyxoBas C22:1 0.05+0.005 0.040+0.004 0.040+0.004 0.030+0.003
28. n6- Docosadienoic | m6-T0K03aIMeHOBasA C22:2n6 0.08+0.009 0.070+0.007 0.080+0.009 0.060+0.006
S D e | C22:5n3 | 0.04£0.004 | 0.030£0.003 | 0.030£0.003 | 0.030:0.003
AR ocosahexacroic | C22:6n3 | 0.02£0.002 | 0.020:0.002 | 0.020+0.002 | 0.020+0.002
31. Lignoceric | /lurnonepunoBas C24:0 0 0.010+0.001 0.050+0.005 0.050+0.005
32. Nervonic | Hepsonosas C24:1 0.03+0.003 0 0.020+0.002 0.020+0.002

70




2016 | N?1 TEOPUSI U NPAKTUKA NEPEPAGOTKWU MSICA

Continuation of the Table 5
IIpomomxeHne TabmMuIBI 5

Enriched with olive oil | Enriched with soya oil | Enriched with corn oil | Enriched with butter |
OGoranieHHbIe C OTMBKOBBIM O0oraiieHHbIe C COEBBIM OboraireHHbre ¢ KYKypy3HbIM | O6oraijeHHbIE CO CTHBOYHBIM
MaCIOM MacIoM MacIoM MacIoM
before cooking | after cooking | | before cooking | after cooking | | before cooking | after cooking | | before cooking | after cooking |

| mo Bapku HoC/Ie BapKu | mo Bapku HOC/e BapKn | mo Bapxn HoC/Ie BapKu | mo Bapku HoC/Ie BapKu
0.02+0.002 0.02+0.002 0.02+0.002 0.02:+0.002 0.02+0.002 0.02+0.002 0.63+0.067 0.48+0.051
0.37+0.040 0.38+0.041 0.36+0.039 0.38+0.041 0.36+0.039 0.37+0.040 1.59+0.17 1.30+0.14
0.12+0.014 0.12+0.013 0.11+0.009 0.11+0.012 0.13+0.014 0.11+0.012 0.21+0.022 0.18+0.019
0.07+0.007 0.08+0.009 0.07+0.005 0.08+0.009 0.07+0.007 0.08+0.009 0.20+0.021 0.17+0.018
0.03+0.003 0.01+0.001 0.03+0.003 0.02:+0.002 0.03+0.003 0.01+0.001 0.03+0.003 0.02+0.002
18.65+0.25 19.68+0.19 18.18+0.20 19.25+0.21 18.35+0.20 19.08+0.21 21.02+0.23 21.18+0.23
4.35+0.10 4.45+0.14 4.09+0.13 4.15%0.13 4.11+0.13 4.30+0.14 4.63%0.15 4.75%0.15
0.12+0.010 0.12+0.015 0.12+0.009 0.12+0.013 0.12+0.013 0.12+0.012 0.12+0.013 0.12+0.016
0.10+0.010 0.11+0.013 0.11+0.011 0.11+0.012 0.10+0.011 0.11+0.009 0.16+0.017 0.15+0.016
0.08+0.011 0.08+0.009 0.07+0.010 0.07+0.007 0.07+0.009 0.07+0.005 0.09+0.010 0.08+0.009
4.42+0.13 4.66%0.15 4.75+0.14 5.02+0.17 4.36+0.14 4.58+0.15 5.45+0.14 5.41+0.17
0 0.01+0.001 0.01+0.001 0.02+0.002 0.02+0.002 0.02+0.002 0.03+0.003 0.04+0.004
36.73+0.38 35.96+0.42 28.37+0.30 28.45+0.33 29.73+0.30 29.75+0.28 29.22+0.39 30.38+0.25
0 0.03+0.003 0.01+0.001 0.03+0.003 0.01+0.001 0.03+0.003 0.08+0.009 0.08+0.009
29.03+0.35 28.98+0.32 36.47+0.43 35.48+0.39 35.86+0.39 35.29+0.39 29.69+0.33 30.23+0.33
0.06+0.006 0.04+0.004 0.04+0.004 0.04+0.004 0.07+0.007 0.04+0.004 0 0
0.03+0.004 0.04+0.004 0.03+0.003 0.03+0.003 0.04+0.004 0.03+0.003 0.06+0.006 0.07+0.007
4.39+0.14 3.72+0.12 5.64+0.18 5.05+0.16 5.13+0.16 4.39+0.14 4.36+0.14 3.36+0.11
0.05+0.006 0.05+0.005 0.06+0.006 0.06+0.006 0.06+0.006 0.06+0.006 0.15+0.016 0.13+0.014
0.13+0.011 0.13+0.014 0.13+0.014 0.13+0.014 0.14+0.015 0.13+0.014 0.11+0.012 0.12+0.013
0.27+0.026 0.29+0.031 0.27+0.029 0.26+0.028 0.25+0.027 0.26+0.028 0.15+0.016 0.38+0.041
0.12+0.011 0.12+0.013 0.11+0.012 0.11+0.012 0.11+0.012 0.11+0.012 0.05%0.005 0.09+0.010
0.03+0.004 0.04+0.004 0.02+0.002 0.02:+0.002 0.05+0.005 0.05+0.005 0.01+0.001 0.12+0.013
0.23+0.024 0.20+0.021 0.24+0.026 0.21+0.022 0.23+0.025 0.25+0.027 0.28+0.030 0.24+0.026
0.05+0.005 0.02+0.002 0.01+0.001 0.01+0.001 0.01+0.001 0.02+0.002 0.01+0.001 0
0.05+0.012 0.05+0.005 0.09+0.010 0.09+0.010 0.06+0.006 0.06+0.006 0.01+0.001 0.02+0.002
0.04+0.003 0.03+0.003 0.04+0.004 0.03+0.003 0.03+0.003 0.04+0.004 0.04+0.004 0.04+0.004
0.07+0.006 0.07+0.007 0.07+0.007 0.06+0.006 0.06+0.006 0.07+0.007 0 0
0.03£0.003 0.04+0.004 0.04+0.004 0 0.03+0.003 0 0 0
0.01+0.002 0.02+0.002 0.02+0.002 0 0.01+0.001 0 0 0
0.02+0.005 0.03+0.003 0.04+0.004 0.05+0.005 0.04+0.004 0 0.05+0.005 0.07+0.007
0.02+0.002 0.03+0.003 0.01+0.001 0.02+0.002 0.02+0.002 0 0 0
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Table 6. Fatty acid balance of the tested minced meat before and after thermal treatment
Ta6muua 6. KupHokucnoTHas co6amaHCHPOBAHHOCTD UCCTeTyeMbIX (hapiLieii Ko 1 MOCTIe TeNI0Boii 06padoTKN

Sum of fatty acids | Cymma >KMpPHBIX KICIOT

Minced meat | HaumenoBauus

saturated | monounsaturated | polyunsaturated |
HACBIIeHHBIX MOHOHEHACBIIEHHBIX TIOTIMHEHAChIIIeHHbIX
Without enrichment | Heo6oramenusre
Minced meat | ®apm
before thermal treatment | 0 TemToBoit 06pa6oTKN 27.44+0.26 36.36+0.34 35.80+0.33
after thermal treatment | mocie TennoBoii 06paGoTku 28.27+0.26 36.59+0.34 34.68+0.32
Enrichment with linseed oil | O6oramjenHbIe TbHAHBIM MaCIIOM
Minced meat with sunflower oil |
dapi ¢ IoECOTHEYHBIM MACTIOM
before thermal treatment | o TertoBoit 06pagoTku 23.84+0.22 32.33+0.30 43.30+0.42
after thermal treatment | mocie TennoBoii 06pa6oTku 24.20+0.18 32.58+0.28 42.80+0.29
Minced meat with olive oil | ®apm c ontnBKoBBIM MacTOM
before thermal treatment | 50 TenmoBoit 06pa6orku 23.84+0.22 32.33+0.30 43.30+0.42
after thermal treatment | mocie TennoBoit 06paéoTku 24.20+0.18 32.58+0.28 42.80+0.29
Minced meat with soya oil | @apur ¢ coeBbIM MacTOM
before thermal treatment | 5o TemroBoit 06pa6orku 23.77+0.15 33.00+0.24 42.85+0.40
after thermal treatment | mocite TernoBoit 06paéoTku 25.14+0.23 33.13+0.31 41.24+0.31
Minced meat with corn oil | ®apu ¢ KyKypy3HbIM MacIOM
before thermal treatment | 10 TemToBoIt 06pa6oTKN 23.77+0.15 33.00+0.24 42.85+0.40
after thermal treatment | mocie TennoBoii 06paGoTku 25.14+0.23 33.13+0.31 41.24+0.31
Minced meat with butter | ®apur co ciuBoYHBIM MacTOM
before thermal treatment | 5o TentoBoit 06pa6orku 31.01+0.21 34.43+0.39 34.73+0.24
after thermal treatment | mocite TennoBoit 06paéoTku 29.94+0.28 35.89+0.30 34.35+0.32

Table 7. Changes in the content of SFAs, MUFAs, PUFAs, the omega-6:0omega-3 ratio in the formulations enriched with linseed oil as a

result of blanching

Ta6nmuua 7. Vismenenue cogepkanust HJKK, MHXXK, ITHXKK, cooTHomIeHNs oMera-6: oMera-3 B KOMIO3UIIAX, 000TralieHHbIX TbHHBIM

Mac7IoM, B pe3ynbTaTe OTaHIINpPOBaHINA

Soya + Butter + Olive + Corn + Sunflower +
» Control | | linseed| | linseed| | linseed| | linseed | linseed |
Compositions | ) Kontponn | CoeBoe+ |Cnmsouynoe | OmuBkoBoe |Kykypysnoe|Ilomconneunoe
HanmenoBanme koMmosnumit NMbHAHOE | + IbHAHOE | + IbHAHOE | + IbHAHOE | + JIbHAHOE
1 2 3 4 5 6

Proportion of linseed oil in a formulation | _ 0.38 0.40 0.46 0.73 0.80
Jlona MbHAHOrO Macia B penentype ) ’ ) ’ )
Changes in SFAs, % of total sum (% to the initial) |
N3smenenne HXKK, % ot o61meit cymmbr +0.83 (3.0) | +1.63 (6.5) | -1.07 (3.4) | +1.31(5.5) | +0.95 (4.0) | +0.36 (1.5)
(% x ucxogHOMY)
Changes in MUFAs, % of total sum (% to the initial) |
Nsmenenne MHKK, % ot o61eit cymmbI +0.23 (0.06) |+0.13 (0.39)| +1.46 (4.2) | -0.66 (1.6) | +0.20 (0.6) | +0.25 (0.5)
(% x mcxomHOMY)
Changes in PUFAs, % of total sum (% to the initial) |
N3smenenne ITHXKK, % ot 061meii cymmbI -1.12(3.1) | -1.61 (3.9) | -0.38 (1.1) | -0.78 (2.3) | -1.33(3.2) | -0.50 (1.15)
(% x McxomHOMY)
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