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AHHOTALINA
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raHU3M TOJHOIIEHHOTO 6esika, 61omornyecky 3pQGeKTUBHOrO KMpa ¥ MUHEPATbHBIX BEIIECTB, LeTbI0 JaHHbIX
UCCIeJOBAaHMIi SIBWJIOCh pa3paboTKa KUCIOMOJIOUHOTO HAaMTKA HAa OCHOBE KOMITOHEHTOB (PPaKIMOHMPOBAaHMS
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HEeHAChIIeHHbIe: HAChIIEHHbIE KMPHbIE KUIOThI, GochHOoMmImabl, CKBaJieH B COCTaBe SMY/IbCUM IJIST TPUTOTOB-
JIeHMsI TOTypTa U3 06e35KMPEHHOT0 MOIOKa. K1CIIOMOJTOUHBI HATTUTOK COAEPsKasl MOBIIIEHHOE KOTMYECTBO Gesi-
Ka (Ha 75%), 6uonornuecku s3pdekTnBHBIA Kup 1 Ha 30% Goblile MUHEPATbHBIX BEIECTB (KaJbLVii, Kauuii,
5KeJie30), 10 CPAaBHEHMIO C M3BECTHBIM iorypTtom. OpraHonenTuueckue, Gu3nuKO-XMMUUECKME U MUKPOOMOTIOTH -
YyecKyue TI0Ka3aTesu yooBIeTBOPSUIA CTAHJaPTHBIM TPeOOBAHMSIM.
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ABSTRACT

Due to the fact that in the elderly and elderly there is a danger of a lack of full-value protein, biologically effec-
tive fat and mineral substances, the purpose of these studies was the development of a sour-milk beverage based
on components for the fractionation of amaranth flour. The use of protein concentrate as a functional ingredient
for emulsifying amaranth oil containing a balanced ratio of unsaturated: saturated fatty acids, phospholipids,
and squalene in the emulsion for the preparation of yogurt from skim milk is theoretically justified. The sour
milk drink contained an increased amount of protein (by 75 %), biologically effective fat and 30 % more minerals
(calcium, potassium, iron), compared to the known yoghurt. Organoleptic, physicochemical and microbiological

indicators met the standard requirements.

BBepmeHnue

3BecTHO, YTO uepe3 OIpeneaeHHbli Habop MPOAYKTOB
MIUTaHUST OCYLIECTBISIETCS OMOXMMMUYECKOe YIIpaBieHNue BHY-
TpeHHel Cpeloii opraHu3ma, OIpenessiollee ero sKu3Hemes-
TeNbHOCTh [1]. OCOGEHHOCTM MUTAHUSI BIUSIOT HA TPOIECCHI
reHepaluuy SHEPTMM B KIeTKe, 6MOCUHTEe3 6enka, CTPYKTYpY,
(yHKUIMM KIETOYHbIX MeMOpaH, HeiiporyMOpalibHYIO peryis-
M0, MMMYHUTET U T.1. PalMoHasbHOE MUTaHME paccMaTpu-
BaeTCs Kak CPeICTBO aKTMBHOTO JieueOGHO-TPOPUIAKTIUECKOTO
BO3eMCTBUSI HA OPTaHM3M, KOTOPOE CHMKAeT PUCK Pa3BUTUS
T1aTOJIOTHIt U MIpenynpexaaeT IpekieBpeMeHHoe cTapeHue [2].
[Ipy UCMONb30BAaHMM CBEJEHMII O BAMSIHUM TUIIM HA COCTOSI-
HMEe 3[I0POBbS, YOAETCS CHU3UTH 3a60/1eBa€MOCTh, TTOBBICUTH
COTIPOTMBJIIEMOCTh OPTaHM3Ma K He6JIaronpusTHbIM (GakTo-
paM BHEIIHel Cpefbl U YBeJIMUUTh MPOJODKUTENIbHOCTD KU3-
Hu. Hayka o repOHTOIOrMY, U3yJarolias MeXaHU3Mbl CTapeHNUs
u pusmonornueckrie 0CO6eHHOCTM OpPraHK3Ma, akTUBHO pa3Bu-
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BaeTCs], TaK Kak y JIIOJeN MOXWIOro M MPeKJIOHHOTO BO3pacTa
Hab6/IomaeTcsT BO3pacTHAs Aerpajanysl alyMMeHTapHO-3aBUCHK-
MBIX ¥ aIMMeHTapHO-BIUSIOMNX QYHKIUI OpraHU3Ma, B TOM
4yucie MUMMYHHBIX [3]. OBHMM 13 IyTeii o e p>kaHusl 3L0POBbSI
C LeNbi0 obecrieyeHns: pabOTOCIIOCOOHOCTY U MPOJJIEHNST K3~
HM TaKOJi TPYIIBI JTIOAEN, SIBJISIeTCS CO3LaHye MPOAYKTOB MNUTa-
HMUSI C OTIpe/ieJIeHHBIM COfiepsKaHeM MUIIEBbIX U 6MOIOTUYeCKA
L[EHHBIX KOMITOHEHTOB (6eJIKU, IUTIN/IbI, MUHEPATbHbIE BEIIECT-
Ba U T.1.) [3,4], MTOMYIeHHBIX ITyTeM COXpaHeHUs Wi MoauduKa-
LMY CBOVICTB MCXOJHOTO CeTbCKOXO3S/iICTBEHHOTO ChIPbSI.

Ins HacemeHMs xXapakTepHa HECKOIbKO M30bITOYHAs Ka-
JIOPUIAHOCTb DAllYOHA, yBeJMYeHue [OMM SKMBOTHOTO Oenka
(61-67 % oT 06111eT0), BBICOKUIT YPOBEHb K1PA C HACHIIIIEHHBIMU
SKUPHBIMU KUcioTaMu (36—37 % 10 KaJIOpUIMHOCTK), HeIO0CTa-
TOK BUTAMWHOB ¥ MMHEPaJIbHBIX BelecTs [5,6]. Takoe muTaHue
Co3aeT YCa0BUS s M36BITOUHO Macchl Tesla, ITUMIIePTOHUN,
arepockiaeposa, nguabeta, IOTepU MMMYHUTeTa. YUUTHIBAS TO,
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YTO MOJIOYHbIE MPOAYKThI OTHOCSTCS K TOJI€3HBIM MPOTYKTaM
IUIs. HaceJleHus! CTpaHbl [7,8], LeNbl0 HACTOsIIell paboThl sIB-
JIsU1ach pa3paboTKa TEXHOJIOTMYECKUX PeIleHMii 10 CO3AaHUI0
MOJIOYHOKMCJIOTO HAIMUTKa TePOHTOJOTMUYECKOTO Ha3HAUYeHNs,
cofiepskamero TMpOAyKThl (HPAKIVOHMPOBAHUS aMapaHTOBOIA
MYKM C COOTBETCTBYIOIMMMY ITOKA3aTeISIMU KauecTBa, MUIIEeBOii
¥ GMOJIOTMYECKOI IIEHHOCTH.

2. Marepuabl ¥ METOAbI
2.1 Mamepuanst

O6bekTaMyu  MCCIeOOBAHMIA  SBASIMCH — aMapaHToO-
Basi MyKa, BbIpaboTaHHasi M3 3epHa copTa <«YIbTpa»
(TY 9293-051-00932169-03) Ha o6GopymoBauuu BHUU 3ep-
Ha ¥ MPOIYKTOB €ro rnepepaboTky, MOJOKO C MacCOBOJi moJeii
skupa 0,5 %, 6enka — 2,8% (T'OCT P 52090), 3akBacka «9BUTa-
JIVsT» C KOMITJIEKCOM MUKPOOPraHM3MOB — IPO6MOTUKOB Strep-
tococcus thermophilus, Lactococcus lactis, Lactobacillus acidoph-
ilus, Lactobacillus helveticus, Propionibacterium freudenreichii
subsp. Shermanii (TY 9229-001-772700339420-2007). Bce xu-
MUYECKMe PeakTUBbI ObIIY UMCTBIMU.

2.2 MemoObsl

MaccoByo AOJI0 BJIarM B aMapaHTOBOI MYyKe OTpeessuin
nipu Temrneparype 100-105 °C mo TOCT 9404-88 [23], MaccoByI0
oo 6enka o Keenpmano — 'OCT 10841-91, kupa B amnmapare
Cokcrera ¢ rekcaHom — I'OCT 27670-88 [24], MaccoByI0 LOIIO
30ibl — 110 TOCT 27494-87. MaccoByio OO Kaliusi, KaablLys
U KeJiesa OTpenesivi MeTONOM IJIaMeHHO abcopO1uu B BO3-
IYITHO-aleTMJIEHOBOM TUIaMeHy Ha rpubope Gupmbl «Hitachi»
(SImonust) mogenu 180-80 ¢ Koppekiyeii (GOHOBOTO TOTJIOIIe-
HMSI METOZIOM 3eeMaHOBCKO MOSIpU3aLi CIIeKTPOB [9].

DpakyuoHHslli cocmaea 6e1K08 MYKU MCCIeIOBaIM TOCTe-
JIOBATEJIbHBIM OKCTPAarMpoBaHueM o006pasiia IUCTUILIMPOBAH-
HOJt Bomoit, pactBopoMm 0,5 monb/am3® NaCL, 70 %-Horo C,H,OH
1 0,05 H pactBopa NaOH. B ieHTprdysKHY0 MPOOMPKY IOMeIIa-
s 1 r o6pasiia, B3BEIIEHHOTO ¢ TOUHOCThIO * 0,0001 r, mpuam-
Bas 10 cmM® IUMCTUIIMPOBAHHO BOIIbI, BCTPSAXVBAIN 1 U U IIeH-
tpudyruposanu 20 muH npu 5000 g. Llentpudyrar cimpanu,
K ocanky gobasssuii 10 cm®0,5 H NaCl, BerpsixuBany 1 4 i BHOBb
neHTpudyruposamu. lleHTpudyraTbl MPUHMMAIOT 3a aJbOYMM-
HbI U TJIOGY/IMHBI, COOTBETCTBEHHO.

K ocaaxy mo6asmsimu 20 cvm®70 %-noro C,H.OH, BcTpsixuBa-
s ipu 180-200 06/MuUH B TeueHye 1 4 M OCTaBJISUIM HA HOYb.
Ha ciepyrommuii neHp o6pasel] BHOBb BCTpsIXuBaau 30 MUH
U eHTPUDYTUPOBAIM TIPU TEX JKE YUIOBUSIX. PacTBOP mMposaMu-
HOB CIMBaJIN, K ocaaky mobasmsuii 20 cm30,05 momb/am® NaOH,
BCTpsixuBa/iu B TeyeHue 1 4. CycrieH3uio LeHTpudyrupoBam,
eHTpudyrar, comepskaiiuii pactBopumbie B NaOH 6enku, mpu-
HMMaJM 32 paCTBOPUMBIe TJIIOTeMHBI, @ 0CaZ0K — 33 HepacTBO-
puMble 6enku. besok Bo dpakiusx onpenensiv mo Kbeabaamo
¥ BbIpaXkaJiu B TIPOLIEHTAX K 0611eMy Oesika B HaBeCKe.

KonuuecmeeHHulll amMuHOKUCAIOMHbIU AHAAU3 aMapaHTHOTO
6eskoBoro KoHieHTpaTa (BK) BbIMIOJHEH Ha JXUIKOCTHOM XpO-
matorpade mogenu L-8800 dupmer «Hitachi» (SIroumst) B cran-
JapTHOM peskuMe aHaiu3a rupponnsatos [10]. st KUCIOTHO-
ro TUApOAM3a 06pa3l[oB HaBeCKy oOpasiia 3—-5 Mr roMeanm
B CTEKJISTHHYIO amIyny U no6asisum 300 MK CBEXKEIPUTOTOB-
JIeHHOVi cMecy KoHueHTpuposanHoi HCI n CF,COOH B cooTHO-
menun 2:1 ¢ mobasienmem 0,1 % B-mepkanTostaHona. O6paserr
3aMOpaXkuBajay, MoMelaan B SKUAKUI a30T, BaKyyMUpOBaIu
U 3arIaBasn. [Maponns mpoBopuiau npu 155°C B TeueHue
1 u. [lo OKOHYAaHUU TUAPONM3A COMNEPKUMOE KOTMIECTBEHHO
TepeHOCUIN B IIACTUKOBYIO Mpo6upKy (pupma «Eppendorfs,
Germany) M pgocyxa YyIQISIIM TUOPOIU3YIOILYI0O CMeCh Ha
CentriVap Concentrator Labconco (US). K cyxomy ocTaTKy A0-
6asnsin 0,18, HCI, nuentpudyruposanu 5mud mnpu 5000 g Ha
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nentpudyre Microfuge 22R (Beckman- Coulter, US), pasBonu-
JIV B COOTBETCTBUM C CofepskaHMeM 6esika B 06pasiie 1 pacTBOp
BHOCWIM B @aHAJIM3ATOP.

I'pynnoeolti cocmase qunudo8 aMapaHTOBOI MYKM OIpenesi-
mu metomom TCX Ha tuactuHKax «Silufol» [9]. XpomaTorpam-
MBI TIPOSIBJISIM B CUCTEMeE PACTBOPUTEJIEN reKCaH: MUITUIOBbIN
aup: ykcycHas kucimora — 80:30:1,5. KommyecTBo JMmnumaoB
OTIpeJeisIv IeHCUTOMEeTPUUYEeCKIM MeTOIOM Ha Ipubope «Xpo-
mockaH 200». PacyeT KommuecTBa IpyIIl JUIUAOB ITPOBOAVIN
MeTOJIOM BHyTPeHHel HOpMaM3alyn.

JKupHokuciomusili cocmag aunudo8 amMapaHTOBOM MYKU
oTpefeNisii MeTOLOM paszelieHMs] MeTWIOBBIX 3(DUPOB KUP-
HbIX KHCIOT Ta30BOil KamWUISIpHON xpomartorpadueit [9].
JIumuabl BBIOESIV 9KCTPAKLUMOHHBIM METONOM C TeKCaHOM.
MeTuioBbie 3UPHI XKUPHBIX KUCIOT pacTBopsii B 0,2 cM® rek-
caHa ¥ aHaJaM3MpoBaau Ha xpomartorpacde mapku Carlo Erba
Strumentazione (HRGC5300 Mega Series, MTanust) ¢ KOJIOHKOIA
mapku Chronrpack Capillary column test Reporp CP 7420, ra3-
HOoCcUTenb — a30T. KonmuuecTBeHHBIN COCTaB JKMPHBIX KUCIOT
omnpepensin Ha uHTerpaTope C-R6A Chromatopac dupmbr «Shi-
madzu» ¢ MpUMeHeHeM MeTO[a BHYTPEHHEl HOpMaau3aluu.

DyHKyuoHanwvHele ceoticmea BK orpenensiiiv o MeTogMKaM,
U3JIOKeHHBIM B pabore [11]. OpraHonenTnyeckue 1moKasarTean
KMCIIOMOJIOUHOTO TIpoaykTa omnpenensuim mo F'OCT P 51331-99,
MuKpobuonornyeckue — o 'OCT P 51446-99 c¢ ucnonb3oBa-
HueM cpenbl Kecoiepa, TUTpyeMyI0 KMCJIOTHOCTb — IO METOLY,
usnosxkeHHomy B 'OCT P 51455-99.

IIpuzomosnexue 6enKOBO-HUPOBOLI IMYNbCUU. DMYTbCUIO TO-
TOBWJIM 10 METOAMKE OIpeeNeHNs XXUPOIMYIbIUpYIolieit Crio-
cobHocTM BK ¢ aMmapaHTOBBIM MacjoM, B3aMeH MO COTHEUHOTO.
CooTHoOIIIeHNe KOHIIEHTpaTa 1 Mac/ia [0 CyXMM BellecTBaM COOT-
BETCTBOBAJIO COOTHOLIEHNIO KOMITIOHEHTOB B MCIIO/Ib3yeMOii Me-
Topuke. KommuecTBo Bompl B cucteMe nob6asiisumm ot 10 mo 20 cm3,

Cmamucmuueckas o06pabomka OauHblX. AHaIU3bI MPOBO-
IUIUCh B 3—5 TOBTOPHOCTSIX, pe3yJabTaThl MPeNCTaBIsUIM KaK
cpenHue apubmeTnueckue. st orpeneneHus JOBEPUTETbHOTO
MHTepBajga cpegHero apu@meTnyeckoro pesynbTaTa MUCIONb-
30Basiu Kputepuit CThiomeHTa Ha ypoBHe 3HauMmoctu p = 0,05.
O6paboTKy pe3yabTaTOB IIPOBOAWIN C porpaMmMamu Statistica
6.0 1 Mathematica 5.2.

3. Pe3yabTaThl M 06CYKIEHME
Pesynvmameot

Pa3paboTka KMCIOMOJIOUHOTO MPOAYKTA /IS IIUTAHUS TIpe-
CTapenbIX M TOXWIbIX JIIOeil BKIouana (GpakiyoHMpOBaHKe
aMapaHTOBOM MyKM Ha GETKOBBIN KOHIIEHTPAT U SKUPOBOI KOM-
TIOHEHT, CO3JaHe Ha UX OCHOBe 6elIKOBO-KMPOBOI IMYIbCUN,
JIobaBieHne 3MyIbCUM B MOJIOKO, 3aKBAIlIMBaHNe U MOMyYeHe
JIOTYPTHOTO HAIIATKA.

3.1 OnpedeneHue xumuueckozo cocmaea

amapaximoeoti MyKu

AHanmM3 XMMMUYECKOTO COCTaBa HeoOe3KMPEeHHO aMapaHTo-
BOJ MyKM (B ITPOIIEHTAaX Ha CyX0e BeleCTBO) IoKa3asl, YTO Macco-
Bas mosis 6esika B Heli cocrasisuia 24,5+0,5 %, xupa — 17,3+0,3 %,
yrieBomoB — 41,9+0,4 %, 301 — 5,6 0,1 %. MyKa cogepskasia ske-
J1e30, Ka/nit 1 Kaiblnii B Komuectse 21,3; 65,0 u 43,5 mr/100 T,
COOTBETCTBEHHO. [Toc/ie 06e3KMPUBAHMST MYKM T€KCAaHOM Macco-
Bast o/ist Gesika B Helt yBemumiach 1o 37,8 %, momst skupa cocTaB-
sstna 0,3 %, 30761 — 6,2 %, yriieBomoB — 55,7 % Ha cyxoe BelecTBo.

3.2 dpakyuoHuposaHue amapannmoeoii MyKu Ha 6eKo6blli
KOHUeHmpam u JunuoHslii KOMNOHeHM
13 Heobe3kKMPeHHO! MYKH, B3SITOI B KOIMUYECTBE OT 5 IO
35% oOT Macchl TOTOBOTO IPOAYKTa, 00E3KUPEHHOTO MOJIOKA
M 3aKBaCKU «OBUTAINSI» TOTOBUIM KUCIOMOJIOUHBIN MPOAYKT.
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CxkBalMBaHMe TMPOBOAMIM B TeueHMe 12 4 mpu TemIiepary-
pe 37°C. ITocne oxmakgeHus! MPOAYKT MMeJ MPUSITHBIN 3arax
¥ KOHCUCTEHIMIO, HO HEYINOBJIETBOPUTEIbHbIE — ILIBET U BKYC,
M03TOMY /I TTONy4eHusT O6osiee BBICOKMX IOKasaTeneil Kade-
CTBA M3 aMapaHTOBO MYKV BBIIEIUIN OETKOBbII KOHI[EHTPAT
U JIMTIUIHBI KOMITOHEHT. JIMMMIHBI KOMIIOHEHT BBIIEJSIN
9KCTpParupoBaHMEM B BUJIE€ CHIPOTO KMUPA U OTJEJIEHMEM €ro OT
6eJIKOBOI M YIJIEBOAHOM YacTy C TIOMOIIbIO TeKkcaHa. JTaHHbIi
TIOXOM 3aMMCTBOBAH M3 TEXHOJOTMM IepepaboTKM COEeBBIX
6060B Ha coeBOe Macjo ¥ OenKoBble Tpernapatsl [12]. JIumymsr
9KCTparupoBanyu B TeueHue 4—6 4 B annapare Cokciera ¢ rnocie-
JIVIOIEil OTTOHKOM rekcaHa Ha BOJSIHONM GaHe U CYIIKOI B 9KC-
MKaTope IMOoJ, BAaKyyMOM. AHaM3 IPYIIIIOBOrO COCTaBa JIUINUIOB
TOKa3aJl, YTO OCHOBHASI UX Macca IpefcTaBieHa TPUAIMUITIN-
llepyHaMy, HO B COCTaB KMPA BXOAWINM TAKKe IMOISIPHbIE JIN-
el (ocdaTuabl), cTepuHbl U UX 3GUPHI B cymMme OKoio 4%
(Tab6n. 1). B cocTaB MMIMAOB, HAPSIAY C MOJMSPHBIMU JIUITUIAMMU,
CTepMHAMU U UX 3GUPaMU, BXOAWI CKBAJieH — IOJI€3HbINA IS
30pPOBbsSI KOMIIOHEHT MMILEBOro ChIpbs [8]. Cpeay sKMPHOKUC-
JIOTHOTO COCTaBa aMapaHTOBOTO Macja Ipeobianana HesaMe-
HUMas JInHoeBas kuciaora (38,3%), B ero cocraB BXOAWIN ®-3
U ®-6 KUPHbIE KUCTOTHI (Tabs. 2), IPUCYTCTBME KOTOPBIX COOT-
BETCTBYeT TPeGOBaHMSIM HAYKM O IUTAHUM [IJIST JIFO[ eI TIOXKIUITO-
rO BO3pacTa U C CepAeuHo-COCYIUCTbIMU 3aboneBaHmsIMU [13].
Oco6eHHOCTBI0 Mac/a SIBSIOCh OTHOCUTENBHO HU3KOE COfep-
SKaHMe CTeapUMHOBOM KUCIOTHI, UTO MOJIOXKUTETBHO OTPasKaaoCh
M Ha COOTHOLIEHMM HaChIeHHbIE: TTOJMHEeHACBIIEHHbIE KUP-
Hble KUWIOThI — 1:1,6; 1o pekomenpanusm OULL nuranms, 6u-
OTEXHOJIOTUM U 6e30MacHOCTM MUIIY 3TO COOTHOIIEHME PaBHS-
ercs 2:1 [8,13].

Ins BoieeHus 6eJIKOBBIX BENIECTB M3 06e3KMPEeHHOI ama-
PaHTOBOV MYKM, ITPEeIBAPUTENBHO U3YUMIN UX (PAKIIMOHHBIN
cocras. ITokazaHo, UTO B CyMMe Ha OO albOYMMHOB M TJIO-
OGyIMHOB TPUXOIMIOCh 42,9%0,8 %, mponamuaoB — 2,0£0,5%
U IIoTenMHoB — 55,1+ 1,0 % ot o61ero xonnuecrsa 6enka. Crie-
JIOBATEJIbHO, JIJIST BbIAETIEeHNSI KOHIIEHTpaTa 6elKoB ¢ HaubOoIb-
MM BBIXOIOM, IeJiecoobpasHo 6bUIO ObI TIPUMMEHEHMe pac-
TBOpA IIeJI0UN, TaK KaK B Hell pacTBOPMINCH Obl Bce (pakinm.
s MCKITIOUeHUsT TeHaTypauuy OeKOB B PacTBOpax IIeaoun
[13] u momy4yenns GesonacHoro amapantHoro BK gonomHuTens-
HO M3y4YeHa MX pacTBOPMMOCTb B KMUCION cpenme rpu pH=2,0
(0,051 HCIl) u cnabomenounoit mpu pH=9,6 (0,05 H pacTBOp
Na,CO,). YcraHOoB/IeHO, YTO 6ojiee BCero OeKy pacTBOPSAIUCH
B pacTBope Kap6oHaTta HaTpus (puc. 1), MO3TOMY ajiee ero uc-
M0JIb30BaJIM ISl SKCTparupoBaHus o6Iueil macchl 6enKkoB. Ha-
uboee MOMHOE OCaskIeHNe 6eskoB U3 pacTBopa ¢ pH=9,6 Ha-
6monanocs npu pH=4,26, co3maBaeMoro B M303/1eKTPUUYECKOIA
Touke mobasnenuem 10%-Horo pactBopa HCI (Puc. 2). Bbimas-
e 6eIKy MPOMbBLIY ABAKABI BOAOI, IIEHTPUBYTUPOBAIN TIPU
5000 g v BBICYIIMBAIN JMO(DWIBHBIM CIIOCOO0M 10 BJIYKHOCTU
5,0%0,5%. Boixop, 6€IKOB COCTaB/IsLI 10 92 % OT 0611[ero ero Ko-
JIM4yecTBa B pacTBope.

100

-
o

a\°_g 80
£3
& o0
S W
2 5
2 © 20
2o
4 0
o

2.0

9.9
3HayeHuna pH
Puc.1. PacTBOpMMOCTD G€JIKOB aMapaHTa B Pa3IMYHbIX
PacTBOPUTEISIX
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Tab6nuia 1
I'pynmoBoii cocTas IMIINA0B aMapaHTOBOM MyKU

I'pynmnsl TUIMAOB MaccoBas 10715, % OT 00611eii MacChl
TTonsipHble MUIMAbL 3,61%0,29
MoHOoaIUITNULIE PHUBL 0,40+0,05
TpuauunramuepuHsl 87,0%1,20
CBOGOMIHbIE KUPHbIE KUCTOTBI 3,01+0,08
CTepuHbL 2,00+0,12
DdupsI cTepUHOB 1,71%0,07
CKBajieH 2,34+0,06

Tab6nuia 2
JKUpPHOKMUCIOTHBIN COCTAaB Mac/ia aMapaHTOBOV MYKU
MaccoBas pouns,
JKupnas kuciora (JKK) Nupexc JKK % OT 001Iero
comepyKaHus
MUPUCTUHOBAS 14:0 0,13
MeHTa eKaHOBast 15:0 0,05
MeHTaelieHoBast 15:1 0,02
MaJbMUTUHOBAS 16:0 20,39
rexkcajerLeHoBast 16:1 0,04
aJbMUTOJIEMHOBAS 16:19-yuc 0,15
rexkcajekagyeHoBas 16:2 0,24
rekcaTpyueHoBast 16:3 0,00
MaprapuHoOBast 17:0 0,12
renTajgeneHoBast 17:1 0,03
U30-0KTaJleKaHOBast 18:0i 0,07
CcTeapyHOBast 18:0 4,07
oJIeHOBast 18:19-yuc 32,61
BaKIlleHOBas 18:1 1,14
U30-0KTaJeKaaeHoBast 18:2i 0,23
JIuHonesasi, ®-6 18:2 38,29
Y-JIMHOIeHOBasI 18:3 w-6 0,24
o.-JIMHOJIeHOBasI 18:3 -3 0,69
apaxmuHOBast 20:0 0,79
TOHJIOMHOBAsI 20:1 0,22
6ereHoBast 22:0 0,29
5pPYyKOBast 22:1 0,18
CcKBaJieH,% 0,96
UTOTI'O: 100
CyMMa KUCTIOT:
HacbieHbie (H) 25,91
MOHOHeHachIeHHbIe (M) 34,39
nonuHeHackieHsle (1) 39,69
H:M: 11 1:1.33:1.53
100,00
90,00
X 80,00
g 70,00
S 60,00
[}
© 50,00
g 40,00
x 30,00
@ 20,00
10,00
0,00
aANMNONIIINTANOAOANTONNNNMNEHNO VOO
KUNANMmMOUOAAMYIMNRROOEENSVaATVA O
HANMT NN NNOOOWOUOWORNNNNNNRNNOGOO®OOOOO

3HayeHus pH

Puc. 2. Bnusuue pH Ha BbIxo/ 6eKka pu OCaskIeHUM
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Ta6muua 3. XuMu4yecKkuii cocTaB 6€JIKOBOTO KOHIIEHTPAaTa

MaccoBast 7ons1,% Ha cyxoe BelecTBO Mr/100 r
Besnok Kup VryeBogbl 3071a Kanpuuit XKeneso Kamnmit
71,7+0,33 0,3+0,08 25,7+1,02 2,4+0,60 4,34+0,40 17,97+1,03 202,60+3,04

3.3 OnpedeneHnue xumuueckozo cocimaeda

u pyHKyuoHanbHuIX céolicne BK

AHanu3 XMMMYECKOro cOCTaBa IOKa3al, YTO IO Macco-
BOIt mojie 6ejka MPOAYKT OTHOCKIICS K Tpyrie «KoHIeHTpaThi»
(Tab6un. 3). Hapsgoy ¢ 6enkamu, yriieBogaMyu ¥ He3HAYUTETbHBIM
KOJIMYECTBOM JKMPA, KOHIEHTPAT COAepsKaa M MMUHepPaJbHbIe
9JIeMeHTbI, CPeAy KOTOPBIX MPUCYTCTBOBAIM KaJbIIMiA, SKeme-
30 ¥ Kamii B KosmdecTse 9,5% oT 0611eil Macchl 30/1bl. Mcxo-
ISl U3 COOEp’KaHusl He3aMEeHMMbIX aMMHOKUAIOT, BK sBisuics
6MOJIOTUYECKY IIEHHBIM ITPOIYKTOM, BK/IIOUAS JIM3UH, TPEOHMH,
usoneiiuu (Ta6n. 4 u Tab6ma. 5), T. €. TeX aMUHOKUCIOT, KOTO-
pble SIBJISIIOTCS IMMUTUPYIOMIVMU 11t GOMBIIMHCTBA 3€PHOBBIX
kynbTyp [13]. CnemoBaTenbHO, €ro MCIOAb30BaHME He MOIVIO
TTOHM3UTH 3HAUEHUST OOIIEero ckopa 6eJIKOB MOJIOYHOTO HaIMUT-
Ka ¥ IpYMEHEHMeE ero NPy pa3paboTke HOBOI PEIeNTyPhl GbIIO
11eJ1ec000pasHo.

BK obnazman BceMu OCHOBHBIMM (YHKIIMOHAIBHBIMU CBOJA-
CTBaMM, B TOM YMCJIe CIIOCOOHOCTBIO CBSI3BATh, SMY/IbTMPOBATH
SKUP Y CTaOMIN3UPOBATH BOITHO-KUPOBYIO dMYiIbcuio (Tabi. 6).
Vcxoms u3 aToro, Ha ocHoBe BK 1 Maciia, 9KCTparnpoBaHHOTO U3
MYKJ aMapaHTa, TOTOBU/IM BOHO-XMPOBYIO 3MYJIbCHUIO C TIOCTIe-
IyIOIM no6aBieHneM ee B MOOKO.

Tabnuia 4 Tab6nuia 5
AMMHOKUCIOTHBIN CopepkaHMe He3aMeHMMBbIX
coctaB BK aMMHOKUCIOT B BK
+
AMMHO-  MI/T CyXOro w T = u
KUCIOTBI  Tpemapara = 5% 2 2 = E‘ E-
Asp 68,18 /100 r 6enka
Thr 27,57 3.85 4,02 4,63 757 10,57 5,50
Ser 38,72 Cxop, %
Glu 128,25 97 115 115 108 176 100
Pro 33,30 Tabnuiia 6
Gly 39.91 DyHKIMOHAaNIbHbIe cBoVicTBa BK
Ala 31.30 N2  @dyHKUMOHATbHOE 3HaueHue
’ n/n CBOJICTBO oKasaTes
Cys 0,09 1 BopocssizbiBaroniast 75410
Met 13,73 CII0COGHOCTS, % o
Ile 33,24 ITeHoo6pasyromast +
408 2 CIIOCOGHOCTD, % 200<1,5
L
eu ? 3 CrabmIbHOCTD IEHbI, % 65+1,2
Tyr 33,05
4  KupocesisbiBaromas 64£2.0
Phe 42,77 CIOCOGHOCTD, % ’
Lys 38,51 JKuposmysbrupyoniast 4
5 CIIOCOGHOCTD, % 57+0,5
His 22,27 Crab
TaGMIIBHOCTD
Arg 75,77 6 amynbenn, % 54x1,0
CymMa (MKT) 716,98 7 PacrBopumocTs, % 46%0,9

3.4 IIpueomosnieHue 6e1K060-HUPOBOTLi IMYNbCUU

OMYJIbCUIO, COCTOSIIYI0 U3 aMapaHTOBOro macia, bK u mo-
JIOKA JIJIST KMCJIOMOJIOUHOTO ITPOAYKTA FOTOBWIIM ABYMSI CIIOCOOA-
MM IIPU 3-X Pa3IMYHBIX COOTHOIIEHUSX KOMIIOHEHTOB (Ta6it. 7).
B coctaBe aMynbcuu B 060MX CIIOCOHAX MCTIOAb30BAIM MOJIOKO
B KosmuecTBe 5—10 % OT 06111er0 ero KoJInM4ecTBa B roTOBOM ITPO-
nykre. [To mepBoMy CItoco6y K 9MYJIbCUY, TTPUTOTOBIEHHO TP
6000 MuH"! B TeueHue 5 MUHYT, 7OGABJISUIM OCTABIIYIOCS YaCTh
MOJIOKA U 3aKBacCKy.

CxkBamMBaHMe MpoayKra npoBonwiyu npu 37 °C B TeyeHue
12 4. [To BTOpOMY CITOCOGY, ITOCIe 06aBIeHNS K IMYIbCUU BCe-
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ro KOJIM4YecTBa MOJIOKA, CUCTEMY ellle TOMOTeHM3MpOBaau Mpu
2500 muH! B TeyeHMe 3 MUHYT. ['ycTOTa U CTAOMIIBHOCTD SMYITb-
CUUM COOTBETCTBOBAIM TPeGOBAHMUSIM, €C/IY VICIIONb30BAIN CITO-
co6 N2 2. C moMo1b10 MUKPOCKOTIA YCTAHOBJIEHO, UTO KUPOBOIA
KOMITOHEHT aMapaHTa, SMYJIbTMPOBAHHbBIN GenKkaMy KOHIIEHT-
para, OTHOCUTEeIbHO PaBHOMEPHO pacIpeiesijics 1o Bceit mac-
ce smynbcuu (Puc. 3). KaptuHa pacnpepneneHus: Karnesnaek >Kupa
COOTHOCWJIACHh C AHAJIOTUYHON CTPYKTYpPOJ MOJIOKA, UTO IOJIO-
SKUTENbHO OTPAKaIOCh HA OPraHONeNTUYeCcKon U Gpusnxo-xu-
MMUYECKO} XapaKTepUCTUKe arperMpoBaHHOTO CTyCTKAa MOJIOY-
HO-PaCTUTETbHbIX KOMIIOHEHTOB.

Ta6muua 7

BiausiHye COOTHOIIEHVsI KOMIIOHEHTOB M CII0oco6a
IIPUTOTOBJ/ICHUSA 3MY/IbCUU Ha €€ Ka4ueCTBO

Ne CooTHoOmEeHne CraGuIBHOCTD I'ycroTa smyibcnu,
n/n  BK: macno: Monoko aMyIbenu, % 6ambl
Crioco6 N2 1
1 2,2:2,7:10 10+1,0 0,5
2 2,2:2,7:15 50+1,5 2,5
3 2,2:2,7:20 80+2,0 5,0
Crioco6 N2 2
4 2,2:2,7:20 96+1,0 5,0

Puc. 3. Mukpodororpadbun: 1- amynbcusi; 2 — MOJIOKO;
3 — MOJIOUHBIV HAMTUTOK (pa3pernieHue x 120)

3.5 lokazamenu Kauecmea u nuujeeoii YyeHHocmu

KUCJIOMOJI04HO020 NpodyKina

Ha ocHOBaHMM IaHHBIX pa3paboTaHa peLenTypa KUCIOMO-
JIOYHOTO MpoayKTa ¢ BK M MMIuIHbBIM KOMIIOHEHTOM aMapaH-
TOBO MyKHu. [Io OpraHoNenTuUecKUM U GU3UKO-XUMUUECKUM
TIOKAa3aTeIsIM ITPOAYKT OTBEYAJT YCTAHOBIEHHBIM TPEOOBAHMSIM,
KaK Ha MOMEHT M3TOTOBJIEHNS, TaK ¥ Ha KOHeL, CPOKa FOTHOCTU
(Tab6n. 8). IIpoayKT comepskan Ha 78% GoJbllie MOTHOIEHHOTO
6enka, yeM B OOBIYHBIN KMCIOMOJIOUHBIN MPOIYKT, 06OralieH
6uosnornuecky 3¢hOeKTUBHBIMMU JUTUIAMU C HEHACBIIEHHBIMU
SKMPHBIMM KMCIOTaMM, BKJIIOYasl IMHONEBYIO KUCTIOTY, a TalkoKe
CKBaJIeH, Kanbluii, kene30, kanuii. KonnuecTso rnocinegHux mnpe-
BBIIIAJIO X MAcCy B 06BIYHOM KMCIOMOJIOUHOM Jiorypre Ha 30
u 6oJiee MPOIEHTOB.

TaxkuM 06pa3om, MPOIYKT, comepskaryii macio u BK n3 ama-
paHTa, HapsIIy C MPUCYTCTBMEM IPOGMOTUKOB, MMeT B CBOEM
cocraBe 6osiee BHICOKOE KOJIMYECTBO TMOJIe3HBIX JIsI OPraHu3Ma
(yHKIMOHANBHBIX MHTPEIMEHTOB, YeM HOTYPT MaccoBOrO Ha-
3Ha4yeHys], [I09TOMY €ro MOXKHO PeKOMEHZ0BaThb JJIs1 IUTAHNUS
JII0[le¥i IIpecTapesioro M MOXKMUIIOro BO3pacTa.
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Tab6nuia 8
Iloka3aTenu KauecTBa U MUILEBOI e HHOCTU
KMCIOMOJIOYHOTO IIPOAYKTa
NQ

wn HaumeHoBaHMe MOKa3aTesIst

XapaKTepucTuKa

OpI‘aHOJ’[El’ITI/I‘IECKIAe ToKasaTemn

KoHcucTeH1IMs OMHOPOAHAS,

1 BHemrHmii BUJ ¥ KOHCUCTEHLIVS B Mepy BAI3Kas

KnciiomomnouHslit, 6e3 mocTopoH-

Bxyc 1 3amax
Y Hero 3ariaxa, ¢ IPUBKYCOM 3epHa

MonouHO-6enblii LIBeT, paBHOMEP-

IBer . M
HBII1 IO BCeii Macce

OuU3MKO-XMMMUUECKe MokasaTenan

Turpyemasi KUCIOTHOCTb, IPaj.:

4 HA MOMEHT U3TOTOBJIEHNS 3(5) i g’g
Ha KOHell CPOKa F'OJHOCTH ’
g ciconoct o 192001
Ha KOHell CPOKa F'OJHOCTH ’ ’
Mukpo6yonornyeckue mokasaTean
6 K®DAM, KOE/cm® He MeHee 2x107
[Tnecenn, KOE/cm® He o6HapykeHO
8 Iposku, KOE/cm? 5+1,0
[InimeBas 1 sHepreTMIecKas LIeHHOCTD ITPOyKTa, Ha 100 T
9 MaccoBast o/st 6enika, T 5,0%0,10
10 MaccoBas goisi skupa, T 3,2+0,08
11 MaccoBas 07 yIiieBofioB, T 2,8+0,05
12 MaccoBast 1ojst CKBajieHa, MT 0,96 = 0,05
13 MaccoBasi [0/l KaJIbLsI, MT' 121,5+5,10
14 MaccoBas gosis Kaaus, Mr 183,0 £ 3,20
15 MaccoBast JoJIs skejiesa, Mr 2,1£0,07
16 OHepreTuyeckasi eHHOCTb, KKaJl 95,0+2,0
06cyRaeHme

HecMoTpsT Ha TO, YTO MOJIOKO M MOJIOYHbIE MPOIYKTHI SIB-
JISIIOTCSI BOKHEJMIIVMM MCTOYHMKOM MUIEBbIX KOMIIOHEHTOB [7],
oboraieHye ux 61oI0OrMIecK eHHbIMU U 3P GeKTUBHBIMU Be-
1IeCTBAMMU SIBJISIETCS] OAHOM U3 3a7a4 HAYKY O MUTaHUU U TIUIIU
[1,13]. Onst pa3paboTKy 0b6oraiieHHbIX IPOSYKTOB CerofHs Bce
yale MCIOMb3YI0TCS HeTPAAUIMOHHbIE ChIpbeBble VICTOUHMKM,
K KOTOPbIM OTHOCKUTCS M pacTeHue amapanTt [14,15,16,17,18].
Belok KoHIlEHTpaTa MO GMOJOTMYEcKOi ILeHHOCTU MpubIn-
SKQICST K «UealbHOMY» 0Ky, TaK Kak JJisl TMMUTUPOBAHHbIX
y GOJIBIIVMHCTBA 3€PHOBBIX KYJIbTYD aMMHOKUCIOT (JIM3UH, Tpe-
OHMH) CKOp paBHsuicsa noutu 100% B oTamume, Hampumep, OT
YIJIEBOIHO-6EJIKOBO# T06aBKM, MCITONb3YeMOi B TPOMU3BOMICTBE
x71e6a [19]. OTnunTenpHO 0COGEHHOCTBIO 6ETKOB KOHIIEHTpa-
Ta SBWICS U UX GPaKUMOHHBIM COCTaB, IIPeCTaBIEHHbI allb-
6yMUHAMM, [TIOOYTMHAMM, ITIOTEIMHAMU. IIpaKTUYeCcKy MOTHOe
OTCYTCTBME CIMPTOpacTBOpuMMOii dpakumum (2%), ¢ KOTOPOIi,
0GBIYHO, CBSI3BIBAIOT HEIIEPEHOCUMOCTD «IIIOT€HA» HEKOTOPBIX
3epHOBBIX KyaAbTYp [19], obecrieurBaeT BO3MOXKHOCTb MCIIOJb-
30BaTh KMCJIOMOJIOUHBIV MTPOAYKT B MUTAHMUM HE TOJIBKO JII0feit
IpecTapesoro M MOXKMUIOTO BO3pacTa, HO U ISl JINII, CTPajaro-
VX FeHeTNYeCKy 00yCI0BIeHHO 60se3HbI0 — Lenmakueii [20].
BK 13 amapaHTa cofepskas U 1ieHHble MMHepaJbHble BelllecTBa,
HeoOXoIMMble OpPraHM3My JI060TO BO3pacTa Jisl KpOBETBODe-
HUSI (PRee30), GYHKIMOHUPOBAHMST KOCTHOMBIIIEUHOV (Kaslb-
LIMIA) U CepAevuHO-COCYANCTO (Kanuit) cucreM [4].

B nuTaHuM mpecTapenbix U MOKWIBIX JIIofelt, Hapsay ¢ Oer-
KaMM, B&KHYIO POJIb UTPAIOT BelleCTBa JIMNUIOHON Npuponsl [1].
I'pymnmoBoii cocTaB ux, Hapsny ¢ TpuanuammnepuHamu (87 %),
BKIIOYasT hochaTuIbl, CTePUHBI U UX 3(QUPHI B KOIMYECTBE OKOIIO
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4%, a Takke ®-3, -6 KUPHbIE KUCIOTHI M CKBAJIEH B KOJIMYECTBE
0,1% x o61meit macce mnnmnoB. [TocegHNi, KaK M3BECTHO, SIBJIS-
eTcsl IpeJllIeCTBeHHMKOM CYHTe3a Bell[eCTB CTePOUIHONI Ipupo-
IIbI (XOnecTepyHa, BuTaMmmuHa I, ropMOHOB U T. 7. [21]. 3a cueT HM3-
KOTO cofepskaHusl CTeapMHOBOM KMUIOTHI (4,07 %), COOTHOLLIEHMEe
TONVHEeHACHIIIeHHbIe: HAChIIleHHbIe XKVPHbIEe KUCIOThI, paBHOE
1,6:1,0 B BbIZEJIEHHOM HaMM Macjie aMapaHTa, IpuU6IMsKaIoch
K peKOMeHAyeMOMY 3HaueHMIO HayKoii o muTanuy — 2:1 [13].

3HaunTeNbHAS YacTh paboT, KaK y HaC B CTpaHe, Tak U 3a
pyb6eskoM, TTOCBSIIIeHA TTPUMEHEHUIO MMPOLYKTOB M3 aMapaHTa
B IIPOM3BOJCTBE XJIEGOOYIOUHBIX UM KOHAUTEPCKUX W3IENNii
[22,23,24,25]. MeHble pa3paboTOK M3BECTHO JJIST MOJIOYHBIX
HaIlUTKOB U MPOAYKTOB, B KOTOPBIX YaCTb MOJIOYHOJ OCHOBBI
3aMeHeHa Ha pacTuUTelbHble KOMIIOHeHThl. Hanmpumep, pa3pa-
60TaH KOHIIEHTPAT M3 CEeMSIH aMapaHTa, MpeJHa3HaueHHbI
JIJISI TPOM3BOACTBA aMapaHTOBBIX CJIMBOK [IJISI JIUI] C TTOBBIIIEH-
HOIt YYBCTBUTENBHOCTBIO K 6ejikaM Mosoka [26]. B oTinune oT
Ipyrux aBTopoB [27,28,29,30], KoTopbie pa3paboTany HaMmUT-
K¥, HAMU YYTEHbI He TOJIbKO OMMCAHHbIE BbIIIe OCOOEHHOCTU
OGMOXMMMUYECKOTO COCTaBa M MMUIINEBONM IIEHHOCTM aMapaHTa,
HO U QyHKIMOHAIbHbIE CBOICTBA ero 6eaKoB. [IpenonoxKmuIn,
YTO TOJUMENTUABI OYAYyT y4acTBOBAaTh B 0Opa3oBaHMM arpe-
TMPOBAHHBIX PACTUTEIbHO-MOJIOYHBIX KOMIUIEKCOB U BBICTY-
TaTh B KAUECTBE IMY/IbTaTOPOB Guonornuecky 3¢ eKTUBHOTO
Macia amapaHTa. BK u skMpoBoil KOMIOHEHT JOJIKHBI ObUIN
NpuAaBaTh MOJIOYHOMY IPOAYKTY He TOJIBKO IOBBILIEHHYIO
MUIIEeBYI0 IJeHHOCTb, HO OJHOBPEMEHHO BBICTYNAThb B POJIN
TEXHOJOTUYECKUX MHTPeNVEeHTOB 3MYJIbCUOHHON DaCTUTENb-
HO-MOJIOYHO¥ cucTembl. C yueTOM BbICOKOI criocobHocTy BK
SMYJIBIMPOBATH KMUP M3 aMapaHTa U CTabMIM3MPOBATh BOLHO-
SKMPOBYIO SMYJIbCUIO0, Pa3paboTaHHas perenTypa KMcJIoMOoIou-
HOTO MPOAYKTa obecreunBaga paBHOMEPHOe pacipeneeHie
KOMIIOHEHTOB B CuCTeMe 06e3kKMPeHHOT0 MOooKa. MMKpo-
CTPYKTYpa KMUCIOMOJIOYHOTO MPOAYKTa MpuUOIMKanach K Mu-
KPOCTPYKType M KapTUHE paclipeleseHNs] HATUBHBIX KOMIIO-
HEHTOB B VICXOTHOM MOJIOKe. BaskHO 3aMeTUTh, UYTO GEITKOBBIE
MIPOAYKTHI, BbIZlelIeHHbIe U3 aMapaHTa ApyruMu aBTopamu [31]
C UCIOMb30BaHMEM I[e7I04YM, He 06/1aaM BhICOKUMMU KUPOI-
MYJIbIVPYIOIMMY U IeHO0OPa3yIoIMMI CBOCTBAMM, UTO Jie-
JIaeT IepCIeKTUBHBIM UCIIONb30BaHMe BK, momyyeHHOrO HaMu
M0 OGMOTEXHOJIOTMYECKOMY CIOCco6y [32], B IPYTMX HAMUTKAX
" MPOAYKTaX, Tak KaK MX PbIHOK 3aIojaHeH Bcero Ha 10-15%
", IPeUMYIIeCTBEHHO, TPOLYKTaMMU U3 COMU.

BoIiBOIbI

AmapaHToBasgs MyKa KaK MCTOUYHMK IIOJTHOIIEHHOTO OeJKa,
6monoruyecky 3¢ HeKTUBHOTO KMPa, MUKPO- M MAKPOIJIEMEHTOB
(KalbLiMii, JKenes0, Kajiuii) MOoABepruyTa (PpakiMoOHMPOBaHUIO
Ha BK ¥ IUNMAHbBI KOMIIOHEHT C MOCTeNYIONMM CO3IaHKeM Ha
SMY/JIbCMOHHOM OCHOBE KMCIOMOJIOUHOTO TPOAYKTa (MoTypTa)
TepPOHTOJIOTMYECKOTO Ha3HaueHus. KucIoMOMOUHbIA MPOAYKT
VM€ TIOBBIIIEHHYIO MUIIEBYIO ¥ GMOTOTMYECKYIO IIEHHOCTD, CO-
nepskas 6uonornueckyt 3G GeKTUBHBIN PaCTUTEIbHBINA KU C TTpe-
o6y1afiaHeM HeHACIIEeHHBIX KUPHBIX KMUCIOT, BKIIOYAs JIMHO-
JIEBYIO KUCWIOTY, hocdaTabl, CKBaJIeH, MUHEPA/IbHbIE BEIECTBa
(KasbLuii, 5keje30, kanuii) 1 Ha 70—80 % GoJibIlie ITOTHOIEHHOTO
6enKa, ueM B OOBIYHBIM KMCIOMOJIOUHBIN TPOAYKT. Pa3paboTaH-
Hasl pelenTypa KUCIOMOJIOYHOTO MPOAYKTa, MpeaHasHaueHHast
JUTST JIALL, TIOKMJIOBOTO U TTPeCTapesioro Bo3pacTa, ¢ UCIOoNb30Ba-
HMeM 06e3XKMPEHHOT0 MOJIOKA ¥ OEJTKOBO-3KMPOBOIT SMY/IbCUY U3
KOMITOHEHTOB (DpaKIMOHMPOBAHMS aMapaHTOBOI MyKM C yde-
TOM (DYHKIIMOHATbHBIX CBOMCTB BK obecreunBaia TeXHOIOTH-
yeckye 1oKasaTeayu U MokasaTeau 6e30MacHOCTH, OTBevalolye
COOTBETCTBYIOIIMM TPe6OBaHMSIM Ha TaHHbBIN BUI IIPOIYKTa.
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1. Introduction

It is known that through the certain complex of food prod-
ucts carried biochemical control of the internal environment
of the organism, which determines its vital activity [1]. Fea-
tures of nutrition affect processes of energy generation in the
cell, protein biosynthesis, structure, functions of cell mem-
branes, neurohumoral regulation, immunity, etc. Rational nu-
trition is considered as a means of active therapeutic and pro-
phylactic effects on the human body, which reduces the risk
of developing pathologies and prevents premature aging [2].
Using information about effect of food on the state of health, it
is possible to reduce morbidity, increase the body’s resistance
to unfavorable environmental factors and increase life expec-
tancy. The science of gerontology, which studies the mecha-
nisms of aging and the physiological characteristics of the
organism, is actively developing, as in elderly and advanced
age people -related degradation of alimentary-dependent and
alimentary-influencing functions of the organism, including
immune ones, is observed [3]. One way to maintain health
in order to ensure the working capacity and prolong the life
of such a group of people is to create food products with a
certain content of food and biologically valuable components
(proteins, lipids, minerals, etc.) [3,4] obtained by preserving or
modification of the properties of the original agricultural raw
materials.

The population is characterized by a somewhat excessive ca-
loric content of the diet, an increase in the proportion of animal
protein (61-67 % from total protein), a high fat level with satu-
rated fatty acids (36—37 % in caloric content), a lack of vitamins
and minerals [5,6]. Such type of nutrition creates conditions for
excessive body weight, hypertension, atherosclerosis, diabetes,
loss of immunity. Taking into account the fact that dairy prod-
ucts are useful products for the population of the country [7, 8],
the aim of this work was the development of technological so-
lutions for the development of fermented dairy beverage with
gerontological purpose, containing the products of fractionation
of amaranth flour with relevant indicators of quality, nutritional
and biological value.

2. Materials and methods
2.1 Materials

The objects of research were amaranth flour, produced from
grain of the grade «Ultra» (TU 9293-051-00932169-03) on the
equipment of the All-Union Research Institute of Grain and
Products in its Processing, milk with a mass fraction of fat of
0.5 %, protein — 2.8% (GOST R52090), leaven «Evitaliya» with
a complex of probiotics microorganisms — Streptococcus ther-
mophilus, Lactococcus lactis, Lactobacillus acidophilus, Lactobacil-
lus helveticus, Propionibacterium freudenreichii subsp. Shermanii
(TC9229-001-772700339420-2007). All chemical reagents were
chemically clean.

2.2 Methods

The mass fraction of moisture in the amaranth flour was
determined at 100-105°C according to GOST 9404-88 [23],
the mass fraction of the protein according to Kjeldahl is
GOST 10841-91, the fat in the Soxhlet apparatus with hexane
is GOST 27670-88 [24], the mass fraction of ash — according to
GOST 27494-87. The mass fraction of potassium, calcium and
iron was determined by the method of flame absorption in an
air-acetylene flame on a equipment made by firm «Hitachi» (Ja-
pan), model 180-80 with correction of background absorption by
Zeeman polarization of spectra [9].

The fractional composition of the flour proteins was investi-
gated by sequential extraction of the sample with distilled water,
0.5 mol / dm® NaCl solution, 70 % C,H.OH and 0.05N NaOH solu-
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tion. 1 g of a sample weighed to within = 0.0001 g was placed in a
centrifuge tube, 10 cm3 of distilled water was added, shaken for
1 hour and centrifuged for 20 minutes at 5000 g. The centrifuge
was drained, 10 cm® of 0.5 N NaCl was added to the precipitate,
shaken for 1 hour and centrifuged again. Centrifuges are taken as
albumins and globulins, respectively.

20 cm® of 70% C,H,OH was added to the precipitate, shaken
at 180-200 rpm for 1 hour and left overnight. The next day the
sample was again shaken for 30 minutes and centrifuged un-
der the same conditions. The prolamine solution was drained,
20 c¢cm? of 0.05 mol / dm® NaOH was added to the precipitate,
shaken for 1 hour. The suspension was centrifuged, the centrif-
ugate containing NaOH soluble proteins was taken for soluble
glutelins, and the precipitate for insoluble proteins. The protein
in the fractions was determined by Kjeldahl and expressed as a
percentage of the total protein in the sample.

Quantitative amino acid analysis of amaranth protein con-
centrate (PC) is performed on a liquid chromatograph model
L-8800 from the firm «Hitachi» (Japan) in the standard mode of
analysis of hydrolysates [10]. For acid hydrolysis of samples, a
sample of 3-5 mg was placed in a glass ampoule and 300 pl of a
freshly prepared mixture of concentrated HCl and CF,COOH in
a ratio of 2:1 with the addition of 0.1 % B-mercaptoethanol was
added. The sample was frozen, placed in liquid nitrogen, evacu-
ated and melted. Hydrolysis was carried out at 155 °C for 1 hour.
At the end of the hydrolysis, the contents were quantitatively
transferred to a plastic test- tube (Eppendorf, Germany) and
the hydrolysing mixture was removed until dry on Centri Vap
Concentrator Labconco (US). To the dry residue was added 0.1
N hydrochloric acid. HCI, centrifuged for 5 minutes at 5000g on
a Microfuge 22R centrifuge (Beckman-Coulter, US), diluted de-
pending on the protein content of the sample, and the solution
was added to the analyzer.

The group composition of amaranth flour lipids was deter-
mined by TLC on «Silufol» plates [9]. Chromatograms were
shown in the solvent system hexane: diethyl ether: acetic acid —
80:30:1.5. The amount of lipids was determined by the densi-
tometric method on the «Chromoscan 200» device. Calculation
of the number of lipid groups was carried out by the method of
internal normalization.

The fatty acid composition of lipids of amaranth flour was
determined by the method separation of methyl esters of fatty
acids by gas capillary chromatography [9]. Lipids were isolated
by extraction with hexane. Methyl esters of fatty acids were dis-
solved in 0.2 cm® of hexane and analyzed on a chromatograph of
the brand Carlo Erba Strumentazione (HRGC5300 Mega Series,
Italy) with a column of the brand Chronrpack Capillary column-
test Reporp CP 7420, carrier gas — nitrogen. The quantitative
composition of fatty acids was determined on the integrator
C-R6A Chromatopac of the company «Shimadzu» using the in-
ternal normalization method

The functional properties of the PCwere determined by the meth-
ods worked out in [11]. Organoleptic parameters of the fermented
milk product were studied in accordance with GOST R51331-99,
microbiological — according to GOST R51446-99 using Kessler
medium, titratable acidity — according to the method stated in
GOST 51455-99.

Preparation of protein-fat emulsion. The emulsion was pre-
pared according to the procedure for determining the fat-emul-
sifying ability of BC with amaranth oil, in place of sunflower oil.
The ratio of concentrate and oil to dry matter corresponded to
the ratio of the components in the method used. The amount of
water in the system was introduced from 10 to 20 cm?.

Statistical processing of data. Analyzes were carried out
in 3-5 replicates, the results were represented as arithmetic
means. To determine the confidence interval of the average
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arithmetic result, the Student’s test was used at the significance
level p = 0.05. The results were processed with the programs
Statistica 6.0 and Mathematica 5.2.

3. Results and discussion
Results

The development of a fermented dairy product for elderly
and advanced people included the fractionation of amaranth
flour to produce a protein concentrate and fat component, the
creation of a protein-fat emulsion on their basis, the addition
of an emulsion to milk, fermentation and the production of a
yogurt drink.

3.1 Determination of the chemical composition

of amaranth flour

Analysis of the chemical composition of non- defatted ama-
ranth flour showed that the mass fraction of protein in it was
24.5 £ 0.5%, fat — 17.3 + 0.3%, carbohydrates — 41.9 * 0.4 %,
ash — 5.6 £ 0, 1%, as a percentage of dry matter. The flour con-
tained iron, potassium and calcium in an amount of 21.3, 65.0
and 43.5 mg / 100 g, respectively. After defatting the flour with
hexane, the mass fraction of protein in it increased to 37.8 %, the
fat content was 0.3 %, the ash — 6.2 %, carbohydrates — 55.7%
for dry matter.

3.2 Fractionation of amaranth flour into protein

concentrate and lipid component

From defatted flour, taken in an amount of 5 to 35 % from
the weight of the final product, skimmed milk and the leaven
«Evitalia», was prepared fermented dairy product. The knead-
ing was carried out for 12 hours at 37 °C. After cooling, the
product had a pleasant smell and consistency, but unsatis-
factory color and taste, so the protein concentrate and lipid
component were isolated from amaranth flour to obtain higher
quality values. The lipid component was isolated by extract-
ing as raw fat and separating it from the protein and carbohy-
drate portion by hexane. This approach is borrowed from the
technology of processing soybeans for soybean oil and protein
preparations [12]. The lipids were extracted for 4 to 6 hours
in a Soxhlet apparatus, followed by stripping the hexane in a
water bath and drying in a desiccator under vacuum. Analysis
of the group composition of lipids showed that their bulk was
represented by triacylglycerols, but the fat also included polar
lipids (phosphatides), sterols and their esters in the amount
of about 4% (Table 1). The composition of lipids, along with
polar lipids, sterols and their ethers, included squalene, a use-
ful component of food raw materials for health [8]. Among the
fatty acid composition of amaranth oil, predominantly non-
replaceable linoleic acid (38.3 %), it included ®-3 and w-6 fatty
acids (Table 2), he presence of which meets the requirements
of the science of nutrition for the elderly and with cardiovas-
cular diseases [13].
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Figurel. Solubility of amaranth proteins in various solvents
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Table 1
Group composition of lipids of amaranth flour

Lipid groups Mass fraction,% of total mass
Polar lipids 3.61+0.29
Monoacylglycerols 0.40 +0.05
Triacylglycerols 87.0%1.20
Free fatty acids 3.01+0.08
Sterols 2.00+0.12
Esters of sterols 1.71 £0.07
Squalene 2.34£0.06

Table 2
Fatty acid composition of amaranth flour oil

Mass fraction,

Fatty acid (FA) Index of FA 9% of total content
myristic 14:0 0.13
pentadecanoic 15:0 0.05
pentadecenic 15:1 0.02
palmitic 16:0 20.39
hexadecenic 16:1 0.04
palmitoleic 16:19-cys 0.15
hexadecadienic 16:2 0.24
hexatriene 16:3 0.00
margaric 17:0 0.12
heptadecenoic 17:1 0.03
iso-octadecanoic 18:0i 0.07
stearic 18:0 4.07
oleic 18:19-cys 32.61
vaccenic 18:1 1.14
iso-octadecadienoic 18:2i 0.23
linoleic, ®-6 18:2 38.29
- linolenic 18:3 -6 0.24
a- linolenic 18:3 ®-3 0.69
arachic 20:0 0.79
goidoic 20:1 0.22
behenic 22:0 0.29
erucic 22:1 0.18
squalene,% 0.96
TOTAL: 100
Sum of acids:
saturated (S) 25.91
monounsaturated (M) 34.39
polyunsaturated (P) (IT) 39.69
S:M: P 1:1.33:1.53

100,00
90,00
N 80,00
< 70,00
@ 60,00
> 50,00
S 40,00
30,00
E 20,00
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0,00

ANMWOWONIOINTANOATOANTORNNONMOANO WO O

00 OUMNANMOOOANSTETNNNO A dANST OOOO T O O O

Figure 2. Effect of pH on protein yield during precipitation
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The peculiarity of the oil was a relatively low content of stea-
ric acid, which was also reflected in the saturated ratio: poly-
unsaturated fatty acids — 1:1.6; according to FICC recommen-
dations, biotechnology and food safety this ratio is equal to 2:1
[8,13].

To isolate protein substances from defatted amaranth
flour, we first studied their fractional composition. It is shown
that, in total, the share of albumins and globulins account-
ed for 42.9 £ 0.8%, prolamins- 2.0 £ 0.5% and glutelins —
55.1 = 1.0% of the total protein. Consequently, to isolate the
protein concentrate with the greatest yield, it would be expe-
dient to use an alkali solution, since all the fractions would
have dissolved in it. To eliminate denaturation of proteins in
alkali solutions [13] and to obtain a safe amaranth BC, their
solubility in acidic medium at pH = 2 (0.05N HCI) and slightly
alkaline pH = 9.6 (0.05 n Na,CO, solution) was additionally
studied. It was found that most of all the proteins were dis-
solved in a solution of sodium carbonate (Figure 1), therefore
it was further used to extract the total mass of proteins. The
most complete precipitation of proteins from the solution
(pH =9.6) was observed at pH= 4.26, created at the isoelectric
point by the addition of a 10 % solution of HCI (Figure 2). The
precipitated proteins were washed twice with water, centri-
fuged at 5000g and dried in a lyophilic manner to a moisture
content of 5.0 £ 0.5 %. The yield of proteins was up to 92 %, of
the total amount in solution.

3.3 Determination of the chemical composition

and functional properties of the BC

Analysis of the chemical composition showed that the prod-
uct was classified as «Concentrates» by the mass fraction of pro-
tein (Table 3). Along with proteins, carbohydrates and a small
amount of fat, the concentrate also contained mineral elements,
among which calcium, iron and potassium were present in an
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amount of 9.5% of the total mass of ash. Proceeding from the
content of irreplaceable amino acids, PC was a biologically valu-
able product, including lysine, threonine, isoleucine (Table 4
and Table 5), i.e. those amino acids that are limiting for most
cereals [13].

Consequently, its use could not reduce the values of the gen-
eral speed of proteins of the milk drink and its use in the devel-
opment of a new formulation was appropriate.

PC had all the basic functional properties, including the abil-
ity to bind, emulsify fat and stabilize the water-fat emulsion
(Table 6). Proceeding from this, based on PC and oil, extracted
from amaranth flour, a water-fat emulsion was prepared and
then added to milk.

3.4 Preparation of protein-fat emulsion

An emulsion consisting of amaranth oil, PC and milk for
the fermented dairy product was prepared in two ways with
3 different ratio of components (Table 7). In the emulsion,
both methods used milk in an amount of 5-10% of the total
amount in the finished product. According to the first meth-
od, an emulsion prepared at 6000.The product was quenched
at 37 °C for 12 hours. On the second min-1 within 5 minutes,
the rest of the milk and the ferment were added, after the ad-
dition of all the milk to the emulsion, the system was still
homogenized at 2500 rpm for 3 minutes. Density and stabil-
ity of the emulsion corresponded to requirements if method
No. 2 was used.

Using a microscope, it was established that the fat com-
ponent of amaranth emulsified with concentrate proteins was
relatively evenly distributed throughout the emulsion mass (Fig-
ure 3). Distribution picture the droplets of fat correlated with
the similar structure of milk, which positively reflected on the
organoleptic and physicochemical characteristics of the aggre-
gated clot of milk and vegetable components.

Table 3
Chemical composition of protein concentrate
Mass fraction,% on dry substance Mg/100 g
Protein Fat Carbohydrates Ash Calcium Iron Potassium
71.7+0.33 0.3+0.08 25.7+1.02 2.4%0.60 4.34£0.40 17.97+1.03 202.60 = 3.04
Table 4 Table 5 . .
Aminoacid profile Content of of irreplaceable i "
of PC amino acids in PC : ’-,;{f-' pilialee
L) .
- ST e
Amino  mg/gof dry - + + b ‘
. - ] = Y » TIe e e e
acids preparation £ 5% 2 & = E. & L
Asp 68.18 r/100 r Genka ' . AL
Thr 27.57 s Sy ity
3.85 4.02 4.63 7.57 10.57 5.50 iy AR T v
Ser 38.72 B d ‘0:'
C % .
Glu 128.25 KOP; % : s -
Pro 33.30 97 115 115 108 176 100 : : i 2 . A e
e P Mo 1 emulon:2 il i
Ala 31.30 Functional properties of PC
. Parameter Table 7
Cys 0.09 N¢ Functional pr .
ctional property value Influence of the ratio of components and method
I\I/Ilet ;;Z 1 Water binding ability, %  75* 1.0 of preparation of an emulsion on its quality
e N oqs .
. - ° . e s Stability of Density of the
Leu 54.98 2 Foaming ability, % 200+ 1.5 N¢ Ratio PC: fat: milk emulsion, % emulsion, points
Tyr 33.05 3 Foaming stability, % 65+1.2 Method Ne 1
Phe 42.77 4 Fat binding ability, % 64+2.0 1 2.2:2.7:10 10+ 1.0 0.5
Lys 38.51 Fat emulsifying N 2 2.2:2.7:15 50+ 1.5 2.5
5 ability, % 57+0.5
His 22.27 ’ 3 2.2:2.7:20 80 £2.0 5.0
Arg 75.77 6 Stability of emulsion, % 54+1.0 Method Ne 2
Sum (mcg) 716.98 7 Solubility, % 46%0.9 4 2.2:2.7:20 96+ 1.0 5.0
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3.5 Indicators of quality and nutritional value
of a fermented milk product
Based on the data, the formulation of the fermented milk
product with BC and the lipid component of amaranth flour was
developed. According to the organoleptic and physicochemical pa-
rameters, the product met the established requirements, both at
the time of manufacture and at the end of the shelf life (Table 8).
The product contained 78 % more complete protein than a normal
fermented dairy product, it is enriched with biologically effective
lipids with unsaturated fatty acids, including linoleic acid, as well
as squalene, calcium, iron, potassium. The amount of the latter ex-
ceeded their mass in ordinary fermented yoghurt by 30% or more.
Table 8
Indicators of quality and nutritional value
of a fermented milk product

Indicator name Characteristic

Organoleptic indicators

Texture is homogeneous, moder-

1 Appearance and texture -
ately viscous

Sour-milky, without foreign smell,

Taste and smell with a grain taste

Milky-white, uniform throughout

Color the mass

Physical — chemical indicators

Titrated acidity, degree:

4 at the time of manufacture gg i 8?
at the end of the expiry date ’
S at thetime of manufacture 4922004
at the end of the expiry date
Microbiological indicators
6 Total count, CFU /sm? not less 2% 107
7 Molds, CFU /sm? Not found
8 Yeasts, CFU /sm? 5%£1.0
Nutritional and energy value of product, on 100 g
9 Mass fraction of protein, g 5.0£0.10
10 Mass fraction of fat, g 3.2+0.08
11 Mass fraction of carbohydrates, g 2.8+0.05
12 Mass fraction of squalene, mg 0.96 +0.05
13 Mass fraction of calcium, mg 121.5+5.10
14 Mass fraction of potassium, mg 183.0 +3.20
15 Mass fraction of iron, mg 2.1+0.07
16 Energy value, kcal 95.0%2.0

Thus, the product containing butter and amaranth PC, along
with probiotics, had in its composition more functional ingredi-
ents for the body than yogurt for mass use, so it can be recom-
mended for nutrition of people of the elderly and advanced.

Discussion

Despite the fact that milk and dairy products are the most im-
portant source of food components [7], enriching them with bio-
logically valuable and effective substances is one of the tasks of the
science of nutrition and food [1,13]. To develop enriched products
today more and more traditional radio sources are used, includ-
ing amaranth [14,15,16,17,18]. The protein from the concentrate
by biological value approximated to «ideal» protein, since for the
amino acids (lysine, threonine) that were limited in most crops, it
was almost 100 % faster than, for example, from the carbohydrate
protein supplement used in the production of bread [19]. A distinc-
tive feature of the concentrate proteins was their fractional com-
position, represented by albumins, globulins, glutelins. Almost
complete absence of alcohol-fractionate fraction (2%), which is
usually associated with the intolerance of «gluten» of some cereals
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[19], makes it possible to use a sour milk product in the diet of not
only elderly people, but also for people suffering from genetically
determined disease — celiac disease [20]. PC from amaranth con-
tained valuable minerals necessary for human organism at any age
for hematopoiesis (iron), functioning of bone-muscular (calcium)
and cardiovascular (potassium) systems [4].

In nutrition of the elderly and the advanced people, along
with proteins, an important role is played by substances of lipid
nature [1]. Their group composition, along with triacylglycer-
ols (87 %), included phosphatides, sterols and their esters in an
amount of about 4 %, as well as -3, ®-6 fatty acids and squalene
in an amount of 0.1 % of the total weight of lipids. The latter, as
is known, is the precursor of the synthesis of substances of ste-
roid nature (cholesterol, vitamin D, hormones, etc.) [21]. Due to
the low content of stearic acid (4.07 %), the ratio of polyunsatu-
rated: saturated fatty acids, equal to 1, 6: 1.0 in the amaranth
oil we isolated, was approaching the recommended value by the
science of nutrition — 2:1 [13].

A significant part of the work, both in our country and abroad,
is devoted to the use of amaranth products in the production of
bakery and confectionery products [22,23,24,25]. Less develop-
ment is known for dairy beverages and products in which a part
of the dairy base is replaced with plant components. For exam-
ple, a concentrate of amaranth seeds was developed, intended
for the production of amaranth cream for individuals with in-
creased sensitivity to milk proteins. [26] Unlike other authors
[27,28,29,30] who developed beverages, we took into account
not only the characteristics of the biochemical composition de-
scribed above and food value of the amaranth, but also the func-
tional properties of its proteins. It was suggested that the poly-
peptides will participate in the formation of aggregated plant
and milk complexes and act as emulsifiers for the biologically
effective amaranth oil. PC and fat component should not only
give the dairy product increased nutritional value, but also act
as technological ingredients in the emulsion plant and milk sys-
tem. Given the high ability of PC to emulsify fat from amaranth
and stabilize the water-fat emulsion, the developed formulation
of the fermented milk product provided a uniform distribution of
components in the skimmed milk system. The microstructure of
the fermented dairy product approximated to the microstructure
and the distribution pattern of the native components in the
original milk. It is important to note that the protein products
isolated from amaranth by other authors [31] using bile did not
have high fat-emulsifying and foaming properties, which makes
promising the use of PK, obtained by us in the biotechnological
way [32], in other beverages and foods, since their the market is
filled only by 10—15 % and, mainly, products from soy.

Conclusion

Amaranth flour as a source of high-grade protein, biologi-
cally effective fat, micro- and macro elements (calcium, iron,
potassium) is subjected to fractionation on the PC and lipid
component, followed by the creation on the emulsion basis of a
sour-milk product (yogurt) of gerontological purpose. The dairy
product had an increased nutritional and biological value, con-
tained biologically effective vegetable fat with a predominance
of unsaturated fatty acids, including linoleic acid, phosphatides,
squalene, minerals (calcium, iron, potassium) and 70-80 % more
complete protein than usual fermented dairy product. The de-
veloped recipe for a fermented product intended for elderly and
advanced people, using skimmed milk and a protein-fat emul-
sion from components for fractionating amaranth flour, taking
into account the functional properties of the PC, provided tech-
nological indicators and safety indicators that meet the relevant
requirements for this type of product.
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