MULLEBDIE CUCTEMbI | Tom1No 4 | 2018

VIOK/UDC: 616.153.915:57.084.1:641.56

FOOD SYSTEMS | Volume 1l No 4 | 2018

DOI 10.21323/2618-9771-2018-1-4-4-9

Opurunanbnaﬂ Hay4YHas CTaTbsl

AHAJIN3 )KXUPHOKHUCIOTHOI'O COCTABA
CbIBOPOTKU KPOBU IABOPATOPHBIX KPbIC
C MOJEJBIO TUITEP/INIINAEMUUA ITPU IIPUMEHEHUN
OVYHKIWNOHAJJIBHOTI'O ITIMIIEBOTO ITPOAYKTA

Yepuyxa .M., KorenkoBa E.A.*

@enepaabHbIil HAYYHBINM LEHTD MUIIEBBIX cucTeM uM. B.M. Top6aToBa PAH, MockBa, Poccus

K/JIOYEBBIE CJIOBA:

cepdya, aopmel, 2unepaunudemus,
KPbICbL, HUPHOKUCTOMHDBLI
cocmas, UHOeKc amepozeHHOCmu

Oco60oe MeCTO B MHTEHCMBHO Pa3pacTalomeMcst aCCOPTMMEHTE MUIEeBOM MPOAYKIMY 3aHUMAIOT IIPOLYKTHI CIie-
[MaNIM3MPOBAHHOIO U (PYyHKIMOHAIBHOTO Ha3HAUEHNSI, B TOM UMCJIe AJISl OTHe/bHBIX KaTeropuii rpaskaaH. Ilomu-
MO ITOATBePsKAeHMS MX 61I0KOPPUTHPYIOIIMX CBOJICTB BaskHA MX COAIaHCHPOBAHHOCTD 10 Ge/IKaM, KUpaM U yIiie-
BOJAM, HaJMuye 3CCeHIMaNbHBIX HyTPUEeHTOB. Pa3paboTaHHble KOHCEPBHI daplieBbie HA OCHOBE CepAel] U aopT
CBIMHEIT XapaKTepPU30BaIiCh BBICOKMM comepskanmem 6enka (17,53+0,95 %), mpu 1OCTaTOYHO HM3KOM COIepsKa-
Huu xupa (3,82+0,13 %), MHOEKC aTeporeHHOCTH coctaBui Beero 0,43. B akcniepuMeHTe in vivo 610 TTOKa3aHo,
YTO BHECeHMe KOHCepBOB (hapieBbIX B TeueHue 42 CYyTOK B PAlMOH KPBIC C MOZIe/bIO alMMeHTapHO TUIepin-
MMIEMUY CITOCOGCTBOBAIIO CHMKEHUIO OTHOCUTEIBHOIO COMEPIKaHMsI HACBIIEHHBIX KMPHBIX KUCIOT Ha 21,1 %
(P<0,05), mpenmyIiecTBEHHO 3a CUET YMEHBIIEHNSI COEePsKaHUs MaTbMUTUHOBONM KMPHOI KUCIOTHI Ha 42,0 %
(P<0,05). MoHOHEHACHIIIIEHHbIE SKMPHbIE KMCIOTHI TAKKE GbLIM CHIKEHBI Ha 26,9 % (P <0,05), MOIMHeHAChIIeH-
HblI€e KMPHbIe KUCIOTHI, HAIIPOTUB, yBennumioch 79,6 % (P <0,05) 1o cpaBHeHUIO ¢ KOHTponeM. OTMe4YeHHbIe MO-
IybUKanMM KMPHOKMCIOTHOTO COCTAaBa CbIBOPOTKY KPOBM JKMBOTHBIX OIBITHOJ IPYIIITBI IPUBEIN K CHYDKEHUIO
MHAEKca aTeporeHHoCTH Ha 43,3 % (P<0,05). BbisiBleHHAs TOIOXUTETbHASI JUHAMUKA BOCCTAHOBIEHUST IUTTNT -
HOT0 06MeHa Y KPbIC C IMITePIUITMIeMIeli II03BOIsieT PeKOMEHI0BATh pa3paboTaHHbIi TPOLYKT B KAUeCTBe KOM-
[IOHEeHTA AeToTepanyi, COyTCTBYIOLel K OCHOBHOMY JIeUeHIIO, 115 JIMLI, COCTOSIIIMX B IPYIIIIe PUCKA Pa3BUTHS
CeplleuHO-COCYAMCTBIX 3a060/1eBaHNi, B YaCTHOCTH, 3a CYET BBISIBJIEHHbIX AVCIUITUAEMUIA.
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1. BBegeHue

A special area in the rapidly growing range of food products is occupied by specialized and functional products,
especially for certain categories of citizens. In addition to confirming their biocorrective properties, it’s necessary
to balance protein, fat and carbohydrates contents as well as the availability of essential nutrients. The developed
meat product based on porcine hearts and aorta was characterized by a high protein content (17.53%0.95 %), with
a low fat content (3.82+0.13 %), the atherogenic index was 0.43. According to in vivo study results, it was shown
that the introduction of developed product during 42 days into the diet of hyperlipidemic rats lead to a decrease
in the relative content of saturated fatty acids by 21.1% (P<0.05), mainly due to palmitic fatty acid reduction by
42.0% (P<0.05). Monounsaturated fatty acids were also reduced by 26.9% (P <0.05), polyunsaturated fatty acids,
on the contrary, increased by 79.6 % (P<0.05) compared with the control. The observed modifications of serum
fatty acid composition resulted in the reduction of atherogenic index by 43.3% (P<0.05). The revealed positive
dynamics of lipid metabolism recovery in hyperlipidemic rats makes it possible to recommend the developed
product as a component of diet therapy, concomitant to the main treatment, for persons with risk of cardiovascu-
lar diseases, in particular, due to dyslipidemias.

HOCTb HpI/IO6p6T8.8T n3yueHne BTOPMYHBIX ITPOOYKTOB y60$I KakK

[IporpeccuBHbIE TEXHOIOT MY MHTEHCYBHO BHEIPSIOTCS B /-
IIEBYIO0 OTPaC/ib, CPeIM KOTOPHIX 0C060€ MECTO 3aHMMAKT Ha-
nipasieHust 3pPeKTUBHOI mepepaboTKI CeJIbCKOX03SIICTBEHHOI]
MIPOYKIVM U CO3aHMe 6e30MacHbIX ¥ KaueCTBeHHBIX MPOIYK-
TOB IUTAHMS, B TOM UMC/Ie MIPOAYKTOB CIeIMaai31pPOBAHHOTO
¥ GYHKIMOHATBHOTO HAa3HAUEHMsI. B pe3ybraTe MHOTOUYMC/IEH-
HBIX MCCIENOBaHMIA CerOMHSI MCIIONb3YIOT TaKMe IMOAXOMbI, KaK
MoaubUKanusa penenTyp 3a CUeT JOTOTHUTEIbHOTO BHECEHUS
61/10nor1/1qec1<1/1 AKTUBHBIX MHIPEONEHTOB PAaCTUTEJIbHOI'O U JKU-
BOTHOTO ITPOMCXOKIEHMSI, @ TaKKe TeXHOJIOTMM, Ipeaycma-
TPUBAIOIIVE COXpaHeHMe WIM HAKOIUIeHMe 6MOaKTUBHBIX ITell-
TUIOB, HATUBHO COMEPSKAIIMXCS B ChIPhe WM 0Opa3yIoIMMCs
B mporiecce obpaborku [1,2,3,4,5,6,7,8,9,10]. Ocobyio akTyaib-

IJ11 HUTUPOBAHUS: Yepnyxa U.M., KotenkoBa E.A. AHanmn3 XMPHOKUCIOT-
HOTO COCTaBa ChIBOPOTKYM KPOBY JIAGOPATOPHBIX KPbIC C MOAEIBIO IUIIe PN~
MMM Y IpUMeHeHUY (PyHKIVOHATbHOTO MMILEBOro MPOAYKTa. [Tuwyessle cucme-
Mot 2018; 1(4): 4-9.DOI: 10.21323/2618-9771-2018-1-4-4-9

MCTOYHMKOB aKTUBHBIX OMOIOTMYECKUX TIOC/IeA0BATETbHOCTE,
CITOCOOHBIX HOPMAaJIM30BaTh COOTBETCTBYIOIIME MeTabonue-
CKMe HapyueHus, ¥ pa3paboTka Ha UX OCHOBE TeXHOJIOTMH CITe-
LMaaM3UPOBaHHbBIX U (PYHKIMOHATbHBIX ITPOLYKTOB.

[Ipu pa3paboTKe MPOAYKTOB (YHKIIMOHAIBHOTO U CIIELU-
anM3MpOBAaHHOIO HAa3HAYEeHMs], IOMMMO OOOCHOBAHMS MX OM-
OKOPPUTMPYIOIIMX CBOJCTB, Ype3BbIUaliHO Ba)KHBIM SIBJISIETCS
OIleHKa aJleKBaTHOCTM MX COCTaBa B COOTBETCTBUM C MeAMKO-
6uonornueckumMy pekomenpauusivu [11,12]. Tak, TPOLYKTHI,
MpegHa3HAYeHHbIe )i MPOGUIAKTUKY U Teparuu CepheyHo-
COCYIMCTBIX 3ab60eBaHMit, 06s13aHbI comepskatb 10—-15% 6enka,
He 6osee 10% skupa, U3 KOTOPOro He Gojee 2% XojecTepuHa,
cOaaHCUPOBAHHBINM KMPHOKUCIOTHBIN COCTaB, IIPU 3TOM JI0JIS
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HACBIIIeHHbIX XXUPHbIX KcaoT (HXKK) oT 06111eit KaJIOpUITHOCTH
paioHa He Ao/DkHA mpeBbiiaTh 10 %, MO MOHOHEHAChILeH-
HbIX XUPHBIX KucaoT (MHXKK) — 15%, mons nmonyHeHachIeH-
HbIX XUPHBIX KucnoT (ITHXKK) gomkHa cocraBasats ot 7 1o 9%
[12,13], T.e. HOKK/MH>KK/ITHXXK (1:1:1) cyniecTBeHHO NOBbILIA-
eT TepareBTUUYeCKYI0 3(PeKTUBHOCTD TPOBOAMMOIO KOMILIEKC-
HOTO JIedeHUs] IaLMeHTOB [14].

B MHOTrOYMCIeHHBIX MCCIeIOBaHMIX ObUIa IMOKa3aHa 3aBU-
CUMOCTb PUCKA PA3BUTHUS TUIEPIUIUAEMUN OT U3OBITOUHOTO
TTOTpe6IeHNsT TTPOAYKTOB C BBICOKMM COfiepsKaHVeM HacChIIleH-
HbIxX JKK, Tpanc-KK u xonecrepuHa, 4TO IPUBOLUT K yBeIMYe-
HMIO aTepOTeHHbIX Qpakuyiit TUIonpoTenHoB (JIIT), uMpKyInupy-
IOLIMX B KPOBYU U ITOABEPTraOLIMXCsI OKMCIEHNIO, KOTOPhIe 3aTeM
CITOCOGCTBYIOT Pa3BUTUIO aTepocKiepo3a. II09ToMy KOpPeKIus
MIUTAHMS] MOXEeT CyL[eCTBEHHO CHU3UTb PUCK Pa3BUTUS JUCIN-
MIUIEMMUI, CKOPPEKTMPOBATb COCTaB LUMPKYIMPYIOIMUX B KPOBU
>KnpoB B coctase JIIT 1, Kak ciencTBue, CHU3UTh PUCK Pa3BUTUS
CepIevHO-COCYIMUCTHIX 3a60/1eBaHMIA.

B HacrosiiiemM uccienoBaHUM PacCMOTPEHO BAMSIHME OJIU-
TEJIbHOTO TMOTpebseHust paspaboraHHOTO TMpomykra Ha KK
COCTaB CbIBOPOTKM KpOBU, cocTaB JII1 KpoBu M M3MeHeHUs UH-
nekca areporeHHocTy (MA), ncxoas ns cootHomenus JIIT n JKK,
OIpeJle/IeHHbIX B CBIBOPOTKE KPOBU KPBIC C MOJE/IbIO alMMeH-
TapHOi TUIepIUIUAEMUN.

2. Marepuaibl ¥ METOAbI

O6beKTOM MCCIeNoBaHMs SIBJSUTCh KOHCEPBBI (apiieBble,
BbhIpaboTanHble Ha 3A0 «Jomkap-OnMHCKMIT MSICOKOMOM-
HaT» (pelenTypHbIi COCTaB: cepaua CBuUHeNn — 64,4 %, aopThl
cBuHelt — 26,0 %, kpaxman — 3,0 %, moBapeHHas conb — 0,4 %,
Boga mo0 100%). TexHomorusi MpoM3BOACTBA BKIIOUAJIA CJIeLyIO-
e cTaiuu: u3MesbueHye ceprel Ha BOlIUKe (pasMep 4acTulj
2-3 MM), BbIIepKMBaHMe MoJydeHHOro dapiia B rmocose (12 u);
u3MeabYeHye aopT Ha BOIUKe (pa3Mep 4yacTull 2—3 MM), UX ro-
MOTeHM3alusI Ha KyTTepe (CKOPOCTbh HOXXeBoro Bana 3000 o6/
MMH, 6—8 MIH); gayee Gapil 13 cepzel] ¢ COKOM KOIMYeCTBEHHO
TepeHOCUTIN B KYTTEP U MOBTOPHO rOMOTeHU3UPOBAIN ¢ dap-
meM 13 aopt (3000 06/MuH, 3—4 MIH), [O6GAB/ISS KpaxMall, COJb
u Bomy. ToTOBBIN (hapii dacoBaayu B 6aHKM 13 TaMUCTEPA U CTe-
punmnsoBamu nipu (115+2)°C, gasnennn (0,23+0,02) MIla B Te-
yeHnue 40 MUH.

UccnenoBaHme XMMMUECKOTO COCTaBa KOHCEPBOB IIPOBOAM-
JI/ B COOTBETCTBUMU CO CTAaHAAPTHBIMU METOAVIKAMMU.

IOnsa oueHku 3¢PGEKTUBHOCTM KOHCEPBOB (GapIieBbIX Ha
20 kpbicax-camiiax croka Wistar maccoii 350 % 20 T, Tpou3BOJILHO
pasleleHHbIX Ha 2 IPYMIIbl, MOLEIMPOBAIN 3KCIIePUMEHTab-
HyIO runepaunuaeMuto [15], To OKOHYAHUM MOIETUPOBAHUS
SKMBOTHBIX 2 TPYMIIbI (KOHTPOJb, N=10) mepeBoauIu Ha obiie-
BUBapHbIii panyoH (OBP), 3 rpymnmsl — onsIT (n=10), nomyyanu
(apireBbie KoHCEPBHI (8 T /TONIOBY) B coctaBe OBP. 1 rpyrima co-
CTOSI/Ia M3 MHTAKTHBIX KpbIC (n=10), comepskalmuxcst Mpu CXO[ -
HBIX YCTIOBMSIX. DKCIIePUMEHT IJIWJICS Ha TIPOTSIKEHUU 42 CYyTOK.
[To ncreyeHMM 3KCIEPUMMEHTA XKMBOTHBIX YCBIIUISUIM B Kamepe
nnst aBraHasum (VETtech, Benuko6GpuTanust), MpOBOAVIIN 3a-
60p KPOBM ISl GMOXMMUYECKMX UCCIeNOBAHMIT U ONpPefeeHNUS
SKUPHOKMCAOTHOTO COCTaBa ChIBOPOTKY KPOBH.

ConepskaHue obuero xonecrepuna (XC), xonectrepuHa Jiu-
norporenHoB BbicoKko (XC JIIIBIT) u Huskon (XC JIITHIT) mioT-
HocTH, Tpurnuepunos (TT) ornpepensyin Ha aBTOMaTUYE€CKOM
a"anmsatope BioChem FC-360 (HTI, CIIIA) B coOTBeTCTBUM
C MeTonMKaMy, NMpuaokeHHbIMM K peaktuBam (HTI, CIIA).
Wupeke areporenHoctu (MIAXc) paccumThiBamu 1Mo Gopmyiie:
NAxc=(XC - XC JITIBIT) /XC JITIBII.

Brimenenve nunumoB U3 CHIBOPOTKM KPOBU IKCII€PUMEH-
TaJbHBIX KMBOTHBIX U pPa3pabOTaHHOTO MPOAYKTA OCYIIEeCTB-
JISTY 9KCTpaKimeit xao0pohopm/MeTaHonIoM 1o Mmetony domya.
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UMCTOTY BBbIE/NEHHBIX JUIWAOB IIPOBEPSIIM METOLOM TOHKO-
c1oitHoI XpomaTorpaduu. OrnpesneneHne cocTaBa XUPHbIX KUC-
JIOT TTPOBOAMIM Ha ra3oBoM xpomatorpade HP 6890 cdupmbl
«Hewlett Packard». Omvicanue MeTOLOB M3JI0KEeHO B «PYKOBOJ -
CTBe I10 MeTOJaM aHa/IM3a KauecTBa U 6e30MacHOCTM MUIEBbIX
MIPONYKTOB» [16], a Takke B MOHOrpaduu «MeTozmsl mpaKkTuyie-
CKO¥ 6MOTeXHOIOrUM. AHAIM3 KOMIIOHEHTOB ¥ MMKPOIIpUMeE-
celi B MSICHBIX M APYTUX NUIIeBBIX MPOoAyKTax» [17]. ITo momyueH-
HBIM pe3y/bTaTaM OIpefesiiM COfepKaHMe NaTbMUTUHOBOM
Y OJIEMHOBOJ KUCJIOT, Konn4yecTBO HachbleHHbIX (HXKK), MoHO-
(MHXK) u1 nonuHeHacsoIeHHbIX (ITHXKK) skupHbIX KMCI0T. Pac-
yeT MHAEeKC aTeporeHHOCTU (MAKK) ChIBOPOTKM KPOBU U KOH-
cepBOB (hapIIeBbIx OCYLIECTBISIIM MO GopMyie, IPUBeLEHHO
Ulbriht T.L.V. u Southgate D.A.T., (1991) [18]:

NAxk = (C12 + C14 + C16 + Tpanc XK):
(ITHXXK + C18:1 + npyrue MHXXK)

CraTucTuyeckuii aHanu3 IPOBOOWMIM C WCIOAb30BaHU-
em mnporpammbl STATISTICA 10. PesynbraThl mpeacTaBIsuINCh
B BUJe «CpelHee 3HaueHMe*cpenusisi oumbka» (M=SE). Cra-
TUCTMYECKAsl JOCTOBEPHOCTb PaCCUMTBIBA/IACH C IIPMMEHEHMEM
opgHonapaMmeTpuueckoro ANOVA TecTa ¢ mpuMeHeHueM KpuUTe-
pus Teroku ipu ypoBHe 3Haunmoctu 0,05.

3. Pe3ynbTaThl M 00CYKIAEHUE

XuMMUUeckuii cocras, NMpuBedeHHbIi B Tabn. 1, mokasan,
YTO B KOHCepBax (apuieBbIX OTMEUYEHO BbICOKOE COfIepXKaHue
6eJika Mpu JOCTATOYHO HU3KOM COEePsKaHUM XKUpa, JOJIs yIie-
BOJ,OB HE3HAuUMTe/JbHa U COCTaBJIsIeT MeHee 3 %. IHaekc aTe-
porenHoctu (MA) cocrasun 0,43, uyto HMKe cpenHero MA pa-
1IMIOHa YeJjioBeKa, paBHOro 0,74, o gaHHbeIM JIncuiibiHa A.B..
u ap. (2011) Ha 41,9%, a Takke HuUke VA Takux MPOLYKTOB,
Kak 6apanuHa (0,97), ropsiguna (0,79), cBunmHa (0,52) 1 Msico
nruis (0,50) [19].

Ta6nuua 1
XumMuueckuii coctaB ¢apiieBbIX KOHCEPBOB

HaumeHoBaHMe IOKa3aTesst Hi’;i‘;:‘;?;ﬂ
MaccoBast gosst 6eka,% 17,53+0,95
MaccoBast oSt skupa,% 3,82%0,13
MaccoBasi oJ1sT HaTpus XJI0puaa, % 0,305+0,015
MaccoBasi fonis Kpaxmana, % 2,35+0,25
DHepreTuueckas eHHocTb B 100 r mpoayKTa, Kai/KIxK 12217”55121’??1/
MHpekc aTeporeHHOCTH, OTH. efI,. 0,43
> IMHXK u £ MHXKK, % 14,48+2,58
3 HXK/% (MHXK +ITHXK), oTH. ef. 0,83

[Tpu mpoBeieHNY 6MONIOTUYECKOTO IKCITEPUMEHTA ObIJIO BbI-
SIBJIEHO, UTO Ha 42 CyTKM IIOC/Ie OTMEHBI IPOaTePOreHHO IMeThI
Y KOHTPOJIBHBIX XMBOTHBIX (rpymmna 2) koHueHTpauyus XC u TT
B CbIBOPOTKE KPOBM IIPEBBIIIAa MHTAKTHbBIN YPOBEHb (IPyI-
mma 1) Ha 35,8 % (P<0,05) n 17,0% (P >0,05), AXc 6611 yBeTMYEH
Ha 59,5% (P<0,05). BHeceHue B paliiOH JXUBOTHBIX (aplieBbIX
KOHCEepBOB (TpymIma 3) MPpUBOAWIO K CHV)KEHUIO B CHIBOPOTKE
KpoBu KoHueHTpauyuu XC (ua 31,8%, P<0,05) u TT' (1a 28,2%,
P>0,05) 0 CpaBHEHMUIO C TMOKA3aTENSIMU KOHTPOIbHBIX KPbIC
(rpymima 2), MAxc 6bu1 cHmskeH Ha 41,3 % (P<0,05).

PesynbTaTsl onpeneneHust XXUPHOKUCIOTHOTO COCTaBa ChI-
BOPOTKM KPOBM KPBIC MPUBeLeHbl B Tabauie 2. YV MHTAKTHBIX
SKMBOTHBIX (Ipyriia 1) ¥ KpbIC, TOTPEOSBIIMX pa3paboTaHHbIi
MIPOJYKT B TeueHue 42 CyTOK (TpyImna 3), KoIN4eCcTBO UIEHTU-
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Tab6muua 2
Pe3ynbTraTsl onpeseieHUs >SKUPHOKUCIOTHOTO COCTaBa CbIBOPOTKY KPOBU 9KCIIEPUMEHTAIBHBIX KPBIC
Ne % oT cymMBbI uaeHTUduIpoBaHHbIX JKK HNARK
Bcero, r/100 r
TpYIIIbL C16:0 C18:1n9c HJKK MHJXK IMTHXXK
1 93,2+1,7° 18,3+0,55" 23,0+1,06" 35,1+0,45" 35,8+1,0° 29,1£0,6°" 0,30+0,01°
2 74,3%1,12 14,5£0,7+r 25,9£0,28r 40,7+0,72" 36,4+0,45 23,0£0,9r 0,30+0,01°
3 92,4+1,6° 8,4+0,26" 12,4+0,4%® 32,1+0,558 26,6+0,7° 41,3+0,9%® 0,170,002

a6, 510°¢— TOCTOBEPHbIE OTIMUMST MEKIY SKCIIepMMeHTambHbIMM rpyrnamu (P <0,05)

dbumpoBanHbIX KK 66110 JOCTATOUHO BHICOKMM ¥ TTPEBBIIIAIIO
90 %. Y KOHTPOJIbHBIX XMBOTHBIX (IpymIa 2), HAaIpOTUB, KOJM-
yecTBO uaeHTuuIMpoanHbix KK 6bu10 cHKeHO Ha 20,3 %
(P<0,05) 1o cpaBHEHMIO C MHTAKTOM (rpymma 1).

Hecmotps Ha mynTenpHOe cofmepskaHye XXMBOTHBIX Ha IPO-
aTepoTeHHOli AueTe, y KOHTPOJIbHBIX JKUBOTHBIX (TpymIia 2) He
Habmoganoch usmenenus MAXK, ogHako gosst H)KK 6bi1a yBe-
nudeHa Ha 16,0% (P <0,05) Mo cpaBHEHMIO C MHTAKTOM (TpyTmna
1), HeCMOTpSI Ha CHIDKEHMe COfepsKaHMsl MabMUTMHOBO JKK
Ha 20,8 % (P <0,05). O6iee comepskanre MHXXK craTucTudecku
3HAUMMO He U3MEHSJI0Ch, OLHAKO Hous onenHoBoit KK ysenu-
ymnach Ha 12,6 % (P<0,05), ypoBeHb [THXKK, HAITpOTUB, CHU3WII-
cst Ha 21,0% (P<0,05). CTOUT Takke OTMETUTD, UTO KOJIMUECTBO
uneHTUUIMPoBaHHBIX KK B KOHTPOJIBHOI IPYyIIIe KUBOTHbIX
65110 Ha 20,3 % (P <0,05) HIKE MHTAKTHOTO.

B coctaB HEMOEHTU(GUIIVPOBAHHBIX B CBIBOPOTKe KPoBU JKK
MOTYT BXOOUTb KUCJIOTHI B BUJE TPAaHC-M30MEDPOB MM MHBIX
MoaubuKausIX, KOTOpble, B CBOIO OYepeab, MOTYT CITIOCOOCT-
BOBaTh yBeIMUeHNI0 0611ero MAXK, HO He GbLIM OINpefeneHbl
BBUIY UX OTCYTCTBUSI B 6ase mpubopa Ipu BBIMOTHEHUU Pu-
3UKO-XMMMUYECKOTO aHamm3a. OTMeueHHOe HabITIoIeH e MOKeT
OOBSICHUTh OTCYTCTBUE M3MeHeHUS VIAKK CHIBOPOTKM KPOBU
KpBIC, KOTOpbIe JIUTeIbHOEe BpeMsl COAepyKaalch Ha IIpoaTepo-
reHHoit nuete (Taoi. 2).

BHeceHMe B paIMoOH >KMBOTHBIX KOHCEPBOB (apiieBbIx
B TeueHMe 42 CYTOK CIIOCOOCTBOBAIO CHUMKEHUIO OTHOCUTEb-
Horo copepxkanus HJKK (rpynma 3) o cpaBHEHUIO C KOHTP-
onem (rpymma 2) Ha 21,1% (P<0,05), mpeumyliecTBeHHO 3a
CyeT yMeHbIleHNs cofepkauus naibMuUTMHOBOM KK Ha 42,0 %
(P<0,05). MHJKK Takske 6bLIM CHYDKeHbI Ha 26,9% (P<0,05)
B OCHOBHOM 3a CYEeT YMeHbILIeHUS OO OJIeMHOBOI KUCIOThI
605ee yem B 2 pasa (P<0,05). OTHOCUTEbHOE Xe comepykaHue
IMTH)XK, HanpoTuB, yBenuumioch 79,6 % (P <0,05) 1o cpaBHEHUIO
¢ koHTposeM. OTMeYeHHble MOAVGDUKAINY SKUPHOKUCIOTHOTO
COCTaBa ChIBOPOTKM KPOBU KMBOTHBIX OMBITHO IPYIIIIbI, TOTpe-
6sBIIMX B cocTaBe OBP paspaboTaHHBIX MPOAYKT (Tpymma 3),
pe3ylnbTaTUPOBAINCE B UTOrOoBOe CHIDKeHne MAXK Ha 43,3%
(P<0,05).

IMpn ananuse cootHomeHus HXKK:(MHXKK+ITHXXK) cbiBo-
POTKY KPOBU 9KCITEPUMEHTATbHbIX JKMBOTHBIX, GBI TTOTYUEHBI
crepyrone 3HaueHust: rpymnmna 1 (maTakrt) — 1:1,85; rpynma 2
(koHTpONBL) — 1:1,46; rpynma 3 (mpoaykt) — 1:2,12. Ilpu niox-
cuete cootHorennss HYKK:MH)XK 6b111 TTOTyY€eHbI CIeaytolye
3HaueHys: rpynna 1 (mHtakT) — 1:1,02; rpynmna 2 (KOHTPOJIb) —
1:0,89; rpynma 3 (nmpopykTt) — 1:0,83.

1. Introduction

Progressive technologies are intensively introduced into the
food industry, among which a special place are occupied by the
effective processing technologies of agricultural raw materials
as well as creation of safe and quality foods, including special-
ized and functional products. According to result of numerous
studies, nowadays various approaches are implemented, such
as recipe modification by adding bioactive ingredients of plant
and animal origin, as well as technologies that provide the pres-

Takum 06pa3om, OCHOBHOI BKJIaJ B CHVDKeHME VAXK, I0-
cuutanHoro 1o ¢opmyne Ulbriht T.L.V. u Southgate D.A.T.,
(1991), BHOCWJIO yMeHblIIeHNe A0AM HNaTbMUTUHOBOV KUCIOTHI
B CHIBOPOTKE KPOBM OIBITHBIX JXMBOTHBIX Ha (poHe yBemmue-
Hus [THXK [18]. OTMeueHHOe HabogeHMe HANPSIMYIO CBSI3a-
HO C PUCKOM BO3HMKHOBEHMS IMOCJIENYIOUIero aTepockieposa.
Taxk, cormacHo pesynbraTaMm uccienoanust Turosa B.H. (2012)
OTMEYanoch, YTO M30(OPMBI TPUITULIEPUAOB, COAEPsKAIINX
MHOTO NaJTbMUTUHOBOJ KUCIOTHI, CIIOCOOGCTBYIOT UX HAKOIUIE-
HUIO B aAUIIOLUTAX, YTO, B CBOIO OUEPE/ib, BeJleT K yBeINUYEeHUIO
B KpOBU 6Ge3IMraHIHbIX M BbicOKoaTeporeHHbix JITTHIT ¢ mioT-
Hoctblo JITIOHII [20].

4. 3axkiao4yeHue

Paspa6oTaHHble KOHCEpBbI (apileBble XapaKTepPU3YIOTCS
c6aacupoBaHHbIM COCTAaBOM — BBICOKMM COZIepyKaHMeM Geyika
(17,53%+0,95%), mpu [IOCTATOUYHO HMU3KOM COMEpKaHUU SKupa
(3,82£0,13%), MHIEKC aTepOreHHOCTU IpoaykTa cocrasmi 0,43.
ITo pesynbTaTaMm 6MOIOTMUECKOTO IKCIIEPUMEHTA OTMEUEHO, UTO
Ha 42 CYTKM IIOCIe OTMEHBI ITPOaTePOreHHO! AMeThl y KOHTP-
OJIbHBIX KMBOTHBIX (rpymnna 2) MAxc 6bl1 yBenuueH Ha 59,5%
(P<0,05), opHako MAKK He OTIMYAICS OT MHTAKTHOTO YPOBHS
(rpynma 1). Tem He MeHee, KOJIUMYECTBO UAEHTUDUIIMPOBAHHBIX
JKK y KOHTPOJMBHBIX JKMBOTHBIX 6610 Ha 20,3 % (P <0,05) HsKe
MHTAKTHOTO 3HA4YeHMsl, IPUYEM Cpeay HeuaeHTUPUIMpPOBaH-
HbIX JKK MOTYT IPUCYTCTBOBATh KUCIOTHI B BUJIE TPAHC-U30Me-
POB WJIM MHBIX MOAU(PUKALIMSIX, KOTOPbIe MO ObI CIIOCOOCT-
BOBaTb yBeIMUeHNI0 VIAKK, HO He ObUTM OITpeleieHbl BBUILY UX
OTCYTCTBUS B 6ase mpubopa Mpy BLITOTHEHUN GU3UKO-XUMM-
YyecKoro aHanInusa.

BHeceHMe B pAIMOH >XMBOTHBIX (apiieBblX KOHCEPBOB
(rpynma 3) IpMBOAMIO K CHVSKEHMIO B CHIBOPOTKE KPOBU KOH-
uenTtpauun XC (Ha 31,8 %, P<0,05) u TT (ua 28,2 %, P >0,05) mo
CpPaBHEHMIO C TOKa3aTelsIMM KOHTPOJIbHBIX KpbIC (Tpymma 2),
VIAxc 6b11 cHYDKeH Ha 41,3% (P<0,05). MAKK Takke 6bUT CHU-
skeH Ha 43,3 % (P <0,05) 1o cpaBHEHMIO C KOHTpoJieM (Tpyrna 2),
MpeUMYyIIeCTBEHHO, 3a CUeT YMEeHbIIIeHNS COlepKaHMsI TTaTbMM-
tHOBOI JKK Ha 42,0% (P<0,05). Habmonanach moguduxaius
cootHowmenyss MHXKK u ITHXK 3a cyeT mjmTenbHOro yrorpe-
6y1eHMs1 pa3paboTaHHOTO MPOAYKTAa B CTOPOHY YBEIUUYEHUS OT-
HocuTenbHOTO comepskanms [THXKK.

BaaromapHocTu
UccnepoBaHme BBITIOTHEHO 3a CUeT rpaHTa Poccuiickoro Ha-
yuHoro doHza (rmpoekt N2 16-16-10073).

ervation or accumulation of bioactive peptides, which are na-
tively presented in the raw material or formed during processing
[1,2,3,4,5,6,7,8,9,10]. The study of by-products of slaughter as
sources of active biological sequences that can normalize meta-
bolic disorders, and the development of specialized technology
on their basis and functional products, is especially relevant.
During the developing of the functional and specialized
products, besides confirmation of their bio-corrective properties,
assessing the adequacy of their composition in accordance with
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bio-medical recommendations is extremely important [11,12].
Thus, products, intended for the prevention and treatment of
cardiovascular diseases, are required to contain 10-15% of pro-
tein, not more than 10 % of fat, from which is not more than 2%
of cholesterol. Fatty acid composition should be also balanced,
the proportion of saturated fatty acids (SFA) from the total ca-
loric intake should not exceed 10%, monounsaturated fatty ac-
ids (MUFA)-15 %, polyunsaturated fatty acids (PUFA) should be
from 7 to 9% [12,13], therefore SFA/MUFA/PUFA (1:1:1) signifi-
cantly increases the therapeutic effectiveness of complex treat-
ment for patients [14].

In numerous studies there was shown the dependence of
hyperlipidemia development due to excessive consumption of
products with a high content of SFA, trans-FA and cholesterol,
which lead to the increase of lipoproteins (LP) atherogenic frac-
tions circulating in the blood and subjected to oxidation, which
then contribute to the development of atherosclerosis. There-
fore the correction of nutrition can significantly reduce the risk
of dyslipidemia, adjust the composition of fats as a part of LP
circulating in the blood and, as a consequence, to reduce the risk
of cardiovascular diseases.

In the present study there was examined the effect of pro-
longed consumption of the developed product on the serum FA
and LP composition, and change of atherogenic index (AI) cal-
culated according to LP and FA content, determined in serum of
hyperlipidemic rats.

2.Materials and methods

The object of the study was canned minced product produced
on ZAO «Yoshkar-Olinskiy myasokombinat» (recipe composition:
pigs hearts — 64.4%, pigs aorta — 26.0%, starch — 3.0%, salt —
0.4 %, water up to 100 %). The production technology included the
following stages: porcine hearts were chopped with a particle size
of 2-3 mm and salted for 12 h; porcine aortas were chopped with
a particle size of 2—-3 mm and homogenized in cutter at 3000 rpm
for 6-8 min; then, the minced hearts with juice was quantitatively
transferred to the cutter and re-homogenized with minced aorta
(3000 rpm, 3-4 min), adding starch, salt and water. The finished
minced mixture was packed into lamister and sterilized at (115+2)
°C under the pressure (0.23*0.02) MPa during 40 min.

The study of the chemical composition of product was car-
ried out in accordance with standard methods.

To assess the effectiveness of product 20 male Wistar rats with
weight 350%20 g were randomly divided into 2 groups, modeled
experimental hyperlipidemia [15]. At the end of the modeling
group 2 animals (control, n=10) were got a standard chow (SC),
group 3 — experiment (n=10) were got a product (8 g /head) mixed
with SC. Group 1 was consisted from intact rats (n=10), which
were kept under similar conditions. The experiment lasted during
42 days. After the experiment animals were euthanized in cham-
ber (VETtech, UK), blood samples for biochemical studies and de-
termination of serum FA composition were taken.

The content of total cholesterol (TCL), cholesterol high-
density lipoproteins (CL HDL) and low-density lipoproteins (CL
LDL), triglyceride (TG) were determined on automatic analyzer
BioChem FC-360 (HTI, USA) in accordance with the methods,
applied to the reagents (HTI, USA). Atherogenic index (Al ) was
calculated according the formula: AI, = (TCL — CL HDL)/ CL HDL.

The isolation of lipids from the serum of experimental ani-
mals and the developed product were carried out by chloroform/
methanol extraction according to the Folch method. The purity
of the isolated lipids was tested by thin-layer chromatography.
Determination of the composition of fatty acids was carried out
on a gas chromatograph HP 6890 company «Hewlett Packard».
The description of the methods is stated in the «Guide to meth-
ods of analysis of food quality and safety» [16], also in the mono-
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graph «Methods of practical biotechnology. Analysis of compo-
nents and micro-impurities in meat and other food products»
[17]. According to the obtained results there were determined
the contents of palmitic and oleic acids, amounts of saturated
(SFA), mono- (MUFA) and polyunsaturated (PUFA) fatty acids.
Calculation of atherogenic index (AI,) of serum and product was
performed according to the formula, given Ulbriht T. L. V. and
Southgate D. A. T., (1991) [18]:

AL, = (C12 + C14 + C16 + Trans-FA):
(PUFA + 18:1 + other MUFA)

Statistical analysis was performed using the program
STATISTICA 10. The results were presented as «middle val-
ue*standard error» (M*SD). Statistical validity was calculated
using ANOVA with the Tukey test at a significance level of 0.05.

3. Results and discussion

The chemical composition is presented in the Table 1. It was
shown, that in product was characterized by the high protein
content with low fat content, the proportion of carbohydrates
was less than 3%. The atherogenic index (AI) was 0.43, which
was lower than the average human diet, equaled to 0.74, accord-
ing to the data of Lisitsyn, A.B. and others (2011) by 41.9 %, and
also below AI of such products, as lamb (0.97), beef (0.79), pork
(0.52) and poultry (0.50) [19].

Table 1
Chemical composition of developed product
s Value of

Name of indicator indicator
Protein,% 17.53%+0.95
Fat,% 3.82%0.13
Sodium chloride, % 0.305+0.015
Starch, % 2.35+0.25
Energy value per 100 g of product, kcal/k] }g;/ssi 316141/
Atherogenic index, r.u. 0.43
¥ PUFA and X MUFA, % 14.48+2.58
¥ SFA/ S (MUFA + PUFA), r.u. 0.83

According to results of biological experiment, it was revealed,
that on the 42nd day after the cancellation of the proathero-
genic diet in control animals (group 2) the concentration of TCL
and TG in serum exceeded the intact level (group 1) by 35.8%
(P<0.05) and 17.0% (P<0.05), the Al was increased by 59.5%
(P<0.05). The introduction of product into the diet of animals
(group 3) led to the decrease in serum concentrations of TCL (by
31.8%, P<0.05) and TG (by 28.2 %, P<0.05) compared with the
control rats (group 2), Al , was reduced by 41.3% (P<0.05).

Results of determination of serum fatty acid composition
are presented in table 2. In intact animals (group 1) and rats,
consumed the developed product during 42 days (group 3), the
number of identified FA was high enough and exceeded 90 %. In
control animals (group 2), on contrary, the number of identified
FA was reduced by 20.3 % (P<0.05) in comparison with the intact
(group 1).

Despite on the long-term consumption of proatherogenic
diet, in control animals (group 2) there was no change in AIL_,
but the proportion of SFA was increased by 16.0% (P<0.05) in
compare with intact (group 1), while palmitic FA content was
reduced by 20.8% (P<0.05). The total content of MUFA was not
significantly changed, however, the proportion of oleic FA was
increased on 12.6 % (P <0.05), the level of PUFA, on contrary, re-
duced by 21.0% (P <0.05). It should also be noted that the num-
ber of identified FA in the control group of animals was by 20.3 %
(P<0.05) lower than intact.
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Table 2
Results of determination of serum fatty acid composition of experimental rats
% from the amount identified FA AL,
N2 group Total, g/100 g
C16:0 C18:1n9c SFA MUFA PUFA
1 93.2+1.7° 18.3+0.5"4 23.0+1.00d 35.1+0.4>4 35.8+1.0° 29.1+0.64 0.30+0.01°
2 74.3+1.12 14.5+0.72 25.9+0.284 40.7+0.72d 36.4+0.4° 23.0+0.924 0.30+0.01°
3 92.4+1.6" 8.4%(0.20¢ 12.4%0.40¢ 32.1+0.5 26.6%0.7° 41.3%0.9b¢ 0.17+0.002

ab,ed _ significant differences between the experimental groups (P <0.05)

The composition of unidentified serum FA may include
acids in the form of trans-isomers or other modifications,
which may contribute to an increase in the total Al,,, but
have not been determined due to the lack of base device when
performing physical and chemical analysis. Marked observa-
tion may explain the absence of changes in the serum Al of
rats, which were kept on a proatherogenic diet for a long time
(Table 2).

The introduction of pruduct into the diet of animals within
42 days contributed to a decrease in the relative content of
SFA (group 3) compared with the control (group 2) by 21.1%
(P<0.05), mainly due to a decrease in the content of palmit-
ic FA by 42.0% (P<0.05). MUFA were also reduced on 26.9%
(P<0.05) mainly due to a more than 2-fold decrease in the
share of oleic acid (P <0.05). The relative content of PUFA, on
contrary, increased by 79.6% (P<0.05) in compare with the
control. The noted modifications of serum FA composition of
animals in the experimental group consuming the developed
product (group 3) as a part of SC were resulted in the final re-
duction of AI, by 43.3% (P<0.05).

The ratio of serum SFA:(MUFA+PUFA) of experimental ani-
mals was calculated: group 1 (intact) — 1:1.85; group 2 (con-
trol) — 1:1.46; group 3 (product) — 1:2.12. The ratio SFA:MUFA
was also calculated: group 1 (intact) — 1:1.02; group 2 (con-
trol) — 1:0.89; group 3 (product) — 1:0.83.

Thus, the main contribution to the decrease in the Al ,
calculated according to Ulbriht T.L.V. and Southgate D.A.T.,
(1991), was due to decrease in the proportion of palmitic acid
in the serum of the experimental animals. This observation is
directly related to the risk of subsequent atherosclerosis. So,
according to Titov V.N. (2012), it was noted, that the isoforms
of triglycerides containing a lot of palmitic acid, contribute to

their accumulation in adipocytes, which leads to the increase
in the blood of non-ligand and high-atherogenic low-density
lipoproteins (LDL) with a density of very low-density lipopro-
tein (VLDL) [20].

4. Conclusion

The developed product is characterized by a balanced com-
position — high protein content (17.53+0.95 %), with a low fat
content (3.82+0.13%), the Al of the product was 0.43. Accord-
ing to the results of the biological experiment, it was noted that
on the 42nd day after the cancellation of the proatherogen-
ic diet in control animals (group 2) the Al was increased on
59.5% (P<0.05), but the Al did not differ from the intact level
(group 1). However, the number of identified FA in the control
animals was on 20.3 % (P <0.05) lower than the intact value, and
among the unidentified FA may be trans-isomers or acid in other
modifications that could contribute to an increase in AI_, but
were not determined due to the lack of base device when per-
forming physico-chemical analysis.

The introduction a product into the diet of animals (group 3)
led to the decrease in serum concentrations of TCL (by 31.8 %,
P<0.05) and TG (by 28.2 %, P>0.05) in compare with the control
rats (group 2), Al , was reduced by 41.3% (P <0.05). AL, was also
reduced by 43.3% (P<0.05) in compare with control (group 2),
mainly due to the decrease in the content of palmitic FA by
42.0% (P<0.05). Observed modification of MUFA and PUFA ratio
was due to the long-term consumption of developed product, as
well as increasing of PUFA relative content.
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