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Opurunanbnaﬂ Hay4YHas CTaTbsl

TEXHOJJIOTMYECKHUE PEXHNUMBI ITOJIVUEHUSA YKCYCA

N3 IIMBHBIX TNUAJIN3ATOB

IManactok A.J1.*, Ko6enes K.B., Kyspmuna E.N., Posuna JI.W., Jlerdymnmua [1.P.

Bcepoccuiickuit HayYHO-MCCIeI0BATENbCKMIT MHCTUTYT MMBOBAPEHHO, 6€3aJIKOr0/bHO M BUHO/IE/bYeCKO TPOMBIIIIEHHOCTY —
bunman degepasbHOTO HAYUHOTO I[EHTPA MUIIEBBIX cucTeM M. B.M. Top6aTtoBa PAH, MockBa, Poccust

KITFOYEBBIE CJIOBA: nusHoli
duanuzam, KOHYeHMpPUPOBAHHbBILI
nueHoli duanusam, iemyuue
KOMNOHEHMbl, 0p2aHUuyuecKue
KUC10Mbl, AMUHOKUCIOMBL,
YKCYCHOKUCTble OaKkmepuu, yKCyc,
pexcumbl aspayuu, cmapmosas
KOHUeHmMpayus yKCycHou
KUCJI0Mbl.

AHHOTAULI A

IlaHHast CTaThsl TOCBSIEHA pa3paboTKe TEXHOJOTMYECKUX PEKMMOB PalIOHAIbHOTO MCITOJIb30BaHMST MMMBHBIX
IMaIn3aToB, 00Pa3yINMXCS IPU TPOU3BOICTBE 6e3a/IKOroabHOTo uBa. OgHUM 13 3¢ ()EeKTUBHBIX CITIOCOOOB €ro
TIpYMEeHeHUS SIBJISIETCST POM3BOACTBO YKCyca. B cTaThe MpuBeeHbl JaHHbIe UCCIeNOBAHNS JIETYIMX KOMITOHEH-
TOB, OPTAaHUYECKUX KUCTOT ¥ aMUHOKUCIIOT UCXOIHbIX MTMBHBIX AUATN3ATOB C 00b€MHOI1 10J1€li STUIIOBOTO CIIUPTA
0,6 % ¥ MUBHBIX IMaIN3aTOB, CKOHIIEHTPUPOBAHHBIX 0 06BEMHO Mo 3TminoBoro crmpra 5,0% u 8,0 %. [pu-
BeJleHbl JaHHbIe UCCIeIOBAHNS JIeTYUMX KOMIIOHEHTOB, OPTaHUYECKMX KUCJIOT M aMUMHOKUCIOT YKCyca, TTOMy4YeH-
HOTO B pe3y/bTaTe 6MOXMMMUYECKOTO OKUCIEHMSI CKOHIIEHTPUPOBAHHbBIX MMBHBIX AMAIN3aTOB YKCYCHOKMCIBIMM
6akrepusimu. [Iporecc OKMCIeHNsT TPOBOIMIICS TIEPUOAMYECKMM TTyGMHHBIM crioco6oM. [Toka3aHo BIMsIHME pe-
SKMMOB a3palluy U CTaPTOBOY KOHIIEHTPALMM YKCYCHOM KUCIOTHI Ha (QYHKIMOHATbHYIO aKTUBHOCTh YKCYCHOKIIC-
JIBIX 6aKTepI/[I71 TIpU IIOJTYY€HUM YKCYCa M3 MMBHBIX OMA/IN3aTOB. PeKOMeHHOBaHbI TEXHOJIOTUMYECKNEe PEXXMMBbI OJId
TIOJTyYeHUST YKCyca IePUOANYECKUM ITyOMHHBIM CIIOCOO0M M3 MMBHBIX IMATU3ATOB.

The Original Scientific Article

TECHNOLOGICAL REGIMES FOR OBTAINING VINEGAR

FROM BEER DIALYSTS

Alexander.L.Panasyuk®, Konstantin.V.Kobelev, Elena.l.Kuzmina, Larisa.l.Rozina, Dilyara.R.Letfullina

All-Russian Scientific Research Institute of Brewing, Beverage and Wine Industry —
Branch of V.M. Gorbatov Federal Research Center for Food Systems of RAS, Moscow, Russia

KEY WORDS:

beer dialysate, concentrated beer
dialysate, volatile components,
organic acids, amino acids, acetic
acid bacteria, vinegar, aeration
regimes, starting concentration of
acetic acid.

ABSTRACT

This article is devoted to the development of technological regimes for the rational use of beer dialysates
formed in the production of non-alcoholic beer. One of the effective ways to use it, is the production of vine-
gar. The article presents data on the study of volatile components, organic acids and amino acids of initial beer
dialysates with a volume fraction of ethyl alcohol of 0.6 % and brewing dialysates concentrated to a volume
fraction of ethyl alcohol of 5.0% and 8.0 %. The data of the study of volatile components, organic acids and
amino acids of vinegar obtained as a result of biochemical oxidation of concentrated brewing dialysates with
acetic acid bacteria are presented. The oxidation process was carried out by a periodic deep-seated method.
Influence of aeration regimes and initial concentration of acetic acid on the functional activity of acetic acid
bacteria in obtaining vinegar from beer dialysates is shown. Recommended technological regimes for obtain-

ing vinegar in a periodic deep method from beer dialysates.

1. BBegenmue

B HacTos1iee BpeMsi MMBOBapeHMe SIBJISIETCSI OMHO U3 pa3BU-
TBIX OTpacieii MuieBoyi NMpoMbliieHHOCT Poccuiickoit ®ene-
pauyu. Kpome Toro, ¢ KaskIbIM TOIOM BO3pacTaeT 06beM Mpou3-
BOJICTBA 6€3aTKOTOTbHOTO IMMBA, KOTOPOE TTOTYUYaloT, KaK MPaBuIo,
IyTeM IMan3a 06bIYHOTO MMBa. O6GPa3yIOIIUIACS TP TPOU3BOJ-
CTBE AMAaNU3aT COAEPKAT STWIOBBIN COMPT, YTO BJIEUET 3a COOOiA
He06XOAMMOCTD ero PalOHATbHOTO UCTIOb30BAHMSI U yUeTa B CO-
OTBETCTBUM C TpeboBaHMsIMU DefepanbHOro 3akoHa N2 171-03
«O TOCYmapCTBEHHOM DeTyIMpOBaHNM ITPOM3BOACTBA U 060pOTa
CIMPTAa, AJIKOTOJIbHOM U CIMPTOCOAePKallieit TPOLYKLIAN».

OpuuM 13 3¢ HeKTUBHBIX CIIOCOO0B ero MpuUMeHeHUsI B -
eTCsI TPOM3BOJICTBO yKeyca. [TnieBoil yKCyc IMpPOKO MTPUMeHS -
eTCsl B IPOM3BOACTBE MUIILEeBOI MPOAYKLIMMA.

HaumeHee 11eHHBIM Cpeiy €ro PasHOBUIHOCTEN SIBISIETCS
CTOJIOBBI YKCYC, KOTOPBII M3rOTaBIMBAIOT ITyTeM pa3baBieHNus
BOJIOI YKCYCHO¥ KMUCIOTHI, TIPOU3BOAMMOI1 ITyTeM CUHTe3a IpU
repepaboTKe OTXOIOB I PeBECHBI.

HeckomnbKo 60see BBICOKMM KaueCTBOM 061afaeT CIMpTOBOIA
YKCYC, TIOJTy9aeMblii B pe3y/bTaTe MUKPOOGMOIOTUIECKOTO CUH-
Te3a C IOMOIIbI0 YKCYCHOKMCBIX 6akTepuii (YKB) u3 pextudu-

IOJI1 UUTUPOBAHUS: Tlanaciok A.J1., Ko6eneB K.B., Kysbmuna E.U., Po3u-
Ha JL.U., Jlerdynnnna [I.P. TexHOMOrMYeCKye PEKMMBI TIOTyYeHNUsT YKCyCa U3 TTMUB-
HbIX Iuanu3aToB. [Tuwjessie cucmemst. 2018;1(1):4-12. DOI1:10.21323/2618-9771—
2018-1-1-4-12

KOBAaHHOTO MHUILEBOro cnuprTa. [TofHas mam yacTUuHasl 3aMeHa
PeKTU(GUKOBAHHOTO CITMPTA Ha IOJIOBHYIO (DpaKIMi0 STUIOBOTO
CIIMPTa, TIO3BOJISIET TOJNYYaTh YKCYC IO OPTaHONEeNTUYeCKUM
¥ GU3UKO-XUMUIECKUM CBOMICTBAM He YCTYMAIIINUI YKCYCY, TT0-
JTy4eHHOMY 13 peKTU(UKOBaHHOTO ciivpTa [1-8].

Besyc1oBHO, 60iee BBICOKMM KauyeCTBOM 00J1aaloT BUHOT-
pafHbIi M (GPYKTOBbIA (SIGIOYHBINA, AiBOBBINA ¥ T.H.) YKCYCBI
[9-17], koTOpBIe MONYYaIOT HEeIIOCPeACTBEeHHO M3 BUHOTPAaJHbIX
u (QpyKTOBBIX BMHOMAaTepuaaoB. Hambonee mporpeccrBHBIM
siByIsIeTcsT paspaboraHHbiii Bo BHUN ITBuBII meTox mpou3sBos-
CTBa s6JIOYHOTO YKCyCa C TMOABVDKHONM HACAAKOW, B KOTOPOM
ITyGMHHBIN METO, COYeTaeTCsl C MCIIOMb30BaHMEM CIIelalb-
HOV Hacagky U3 MonusTwieHa. TakuM o6pa3oMm, MMeEIIIecs
B MHCTUTYTE HapabOTKM MOTYT OBITh MCITOIb30BAHBI B KAUECTBE
OCHOBBI IJISI COBEPIIEHCTBOBAHMS TEXHOJIOTMM IIPOMU3BOACTBA
BBICOKOKAYEeCTBEHHOTO YKCYCa M3 TUIIEBOTO ChIpbs. Pa3paboT-
Ka TeXHOJIOTMM YKCyca M3 MMBHOTO AManu3aTta 6ymeT crioco6CT-
BOBAaTh PaCUIMPEHNI0 aCCOPTUMEHTA OTeUeCTBEHHbIX MUIIEBbIX
MIPOJIYKTOB, a [JITaBHOE, TI03BOJIUT HAMTU PAl[MOHAIbHOE UCIIONb-
30BaHMe OJTHOTO 13 OCHOBHBIX BTOPUUHBIX ITPOAYKTOB MMBOBA-
pPeHMSI — CIIUPTOCOAEPKAIIUM AMATN3aTaAM.

FOR CITATION: Panasyuk A.L., Kobelev K.V., Kuzmina E.I., Rozina L.I., Letful-
lina D.R. Technological regimes for obtaining vinegar from beer dialysts. Food sys-
tems. 2018;1(1):4-12. (In Russ.) DOI:10.21323/2618-9771-2018-1-1-4-12
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Llesibi0 BBITIOJIHEHUST paboThl SIBJSIETCS] pa3paboTKa TexXHO-
JIOTMYECKUX PEXMMOB TepepaboTKM MUBHBIX OUANN3aTOB IS
TIOTyYEeHUST yKCyCa.

2. Marepuabl U METOAbL

WccnemoBaHusl MPOBOAMINCH B JIaGOPATOPHBIX YCIOBUSIX
MHCTUTYTA C MCIIOJIb30BaHMEM METOMOB aHaaM3a, MMPUHSITHIX
B OSHOXMMUM, INMBOBApeHHOM, YKCYCHOV IPOMBILITIEHHOCTU
Y U3JIOKeHHBIX B cCOOTBeTCTBYIOIIMX ['OCT, 1 COBpeMeHHBbIX MH-
CTPYMEHTAIbHBIX METO/IOB aHAIN3a.

KauecTBeHHBI1 COCTaB ¥ MaCCOBYK KOHILIEHTPAlLMI0 Opra-
HUYECKUX KUCIOT OIPEeNesyiv Ha JXUAKOCTHOM XpoMaTtorpade
«Craiiep» co crieKTpoOTOMETPUUECKIUM T€TEKTOPOM.

KavecTBeHHBINI ¥ KOJMMUYECTBEHHBIN COCTAB JIETYYUX COe-
IVHEHUI ONpenensyii MeToAaMM ra3oBoil XxpomaTtorpadumu Ha
rasoBom xpomarorpade Kpucramr 5000.2 M (Xpomarek, PD)
C TUITaMeHHO-VOHM3aLMOHHBIM JIETEeKTOPOM, CHAaGKeHHOM aB-
TOMAaTUYECKMOI cucTeMOi c6opa M 006paboTKM MHGOOPMAIUN.
MeTon, OCHOBaH Ha pasfeieHuM CMeCH JIETYIUX KOMIIOHEHTOB
B 0ob6pasie " MOoCIefylleM UX JeTeKTMPOBaHUM IIaMeHHO-
MOHU3AIMOHHBIM JIeTeKTOpoM. XpomaTorpaduueckass KOJOH-
Ka — HP-FFAP («Agilent», CIIIA) mimuHoit 50 M ¥ BHYTPEHHUM
nuametrpoMm 0,32 MM C TOJIIMHO¥M TIJIEHKY HETIOJBVIDKHOM (a3l
0,5 MKM.

KauecTBeHHBINT ¥ KOIMYECTBEHHBIN COCTAaB aMWUHOKMUCIOT
ompeneNsii Ha JKMOKOCTHOM XpomaTtorpade ¢ IMomHOMA-
TpUUHbIM JleTeKTopoM «Agilent Technologies 1200» («Agilent»,
CIIIA), cHabkeHHbIM aBTOMAaTMYECKOI cucTeMoit cbopa u obpa-
60TkM MHbOPMaIMK Mo MeToaMKe M3MepeHniT MacCcoBOii KOH-
LIEHTPAIMM CBOOOIHBIX AMUHOKMC/IOT B HATTUTKAX aJTKOTOTbHBIX
¥ 6e3aJIKOTOJIbHBIX METOJOM BbICOKO3(GhEKTUBHOI KUIKOCT-
HOVi Xpomartorpaduu. MeTon OCHOBaH Ha Xpomarorpaduye-
CKOM DasJelieHny aMMUHOKUCIOT B o6pasie U MoCIenyoleM
MX JeTeKTUPOBAHUM [MOLHOMATPUUHBIM HeTeKTOpPOM. Xpo-
MaTtorpaduueckas Koaonka-Luna 5u C18(2) 100A 150%4,6 mm
5 micron (Phenomenex, CIIIA).

ITpu ucceg0BaHMUSIX UCTIONb30BAMNCH 00Pa3Ilbl MMBHBIX IM-
anMs3aToB ¢ 06beMHOI moneit sTunoBoro crimpra 0,6 %, o6pas-
IIbI MBHBIX AVATN3ATOB, CKOHIIEHTPUPOBAHHBIX 0 06bEMHOIA
nmonu 3TuoBoro criupra 5,0 % u 8,0 %.

VKCYCHOKMCIOe O6poskeHMe MPOBOAMIN TITyOMHHBIM CIIOCO-
6oM. lcrionb3oBaiu INTaMM MMKpOOpraHusMoB Acetobacter
aceti BHUMIIBT-66, mpemocTaBjieHHbIii HaloHaIbHBIM 6G110pe-
CYPCHBIM LIeHTpOM Bcepoccuiickast KO/UIeKIMS TPOMBIIITIEHHbIX
mukpoopranusmoB ®I'BHY «['ocHMHreneTnkar.

[l KynbTMBMPOBaHMSI IITaMMa MCIIOAb30BaIM SKUIKYIO
cpeny CIeIyIUIero COCTaBa: CIMPT ITWIOBBINA peKTU(UKO-
BaHHbII — 7,0% 00; ykcycHast kucnora (negsHas) — 0,7 %;
(NH4),HPO,-0,5 %; KH,PO,,— 0,2 %; MgSO,-0,2 %.

KynpTuBMpOBaHME TTPOBOAMIIN METOIOM IOCTEIIEHHOTO Ha-
KOIIEHUST 6OMACChI U TTOBBIIIEHMS (DU3MOTOTMYECKON aKTUB-
HOCTM 6aKTepuii myTeM MocIeJ0OBaTeIbHOTO IepeceBa Ha MATa-
TeJIbHbIe Cpefbl.

[poiecc 6GMOXMMMUUYECKOTO OKUCIEHMS STUIOBOTO CIUPTA
YKCYCHOKMCJIBIMU GaKTepUSIMU TTPOBOAWIM B BEPTUKATbHBIX
CTEK/ISTHHBIX pe3epByapax ¢ pybamkoit BMeCTUMOCTbIO 1,5 nm3.
Bosagyx B pesepByap IMOAaBaiyi MUKPOKOMIIPECCOPOM CHU3Y
yepe3 MeJIKOTIOPUCTYI0 Hacaaky. Temmeparypy B OKUCIUTE-
Jie mofiepkuBany Ha ypoBHe (30 * 2) °C myTeM moJauy BOAbI
B py6aliky.

C 1e/bl0 YTOYHEHMSI ONTMMAaJIbHOTO KOJIMYECTBa BO3AyXa,
Heo6X0IMMOrO0 B ITPOIecce YKCYCHOKMCIOTO 6POsKeHNs], ero pac-
XOZ, MEHSTM OT IBYX JO TSATU AM>/4ac Ha AM® KylIbTypasIbHOI
SKUIKOCTHU.

Ipoiiecc OKMCIeHMsT TPOBOAMIN OO 0ObEMHOI JOIM OCTa-
TOYHOTrO 3TMnoBoro ciupta ot 0,15 % mo 0,3 %.
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Ilns1 onipefeneHust ONITMMaJ/IbHOM CTApTOBOV KOHIIEHTpallun
YKCYCHOJ KUCTIOTbI OKMC/IEHNE T1aIN3aTa IIPOBOAVIIN TIPU pas-
JIMYHBIX MCXOIHBIX KOHIIEHTPAIVSIX YKCYCHOM KUCTIOTHI: 4,53 5,0;
5,5;6,0; 6,5; 7,0 /100 cm>. TIpy 9TOM CyMMa CTapTOBbIX KOHIIEH-
Tpauuit 1 06beMHOII O/ STUJIOBOIO CIIMpTa paBHsuIach 8,0 %.

3. Pe3ynbTaThl M O0CYKIAEHUE
3.1 HccnedosaHue GuOXumuueckozo cocmaea NUGHsIX
duanuzamos ¢ 06semHoli doJieli 3Mun068020 cnupma

0,6 % u nueHslx duanu3amos, CKOHUeHMpPUpPOB8aAHHbIX

0o 06BemHOli doiu Imuoeozo cnupma 5,0% u 8,0%

VI3BeCTHO, UTO MKUBO 6OraTo apoMaTUUYECKMMM KOMITOHEH-
tamu [18-20]. HekoTopsle apoMaTnuecKkue BelecTBa M3 MUBa
YaCTUYHO MMEePexXoisT B AMAIN3AT MpY MeMOPaHHOII 1eaqKoro-
JU3aIUN.

B mccienyeMbix 06pasiiax MMBHBIX AMAIN3aTOB OMPeIessin
KOJIMYECTBEHHBII 1 KAUeCTBEHHbII COCTaB JIETyUYMX KOMIIOHEH-
TOB. [laHHbIe ITpefcTaBjeHbl B Ta6. 1.

Kak BuaHO 13 TaOAMIIbI, B OManM3aTe ¢ 0ObeMHOI mojeii
cripra 0,6 % 13 orpenensieMbIX JETYYMX KOMIIOHEHTOB OOHa-
DY’>KEHBI M30aMUJION, STYILTIAKTAT Y GDEeHUIITUIIOBBIN criupT. [Tpu
YKpeIuieHUy Ayanu3arta 70 00beMHOI oAU STUIOBOTO CIIMpPTa
5,0% 1 8,0 % CKOHLIEHTPUPOBAINUCH U JIETyule COeMHEeHMSI.

Ta6muua 1
JIeTytme KOMIIOHEHTbI IIMBHBIX AMAJIN3aTOB
C pasINYHOI 06'beMHOIi J0JIeli 3TUIOBOTO CIIMPTa
MaccoBasi KOHIIEHTpaLysi, MIr/Im>

JleTyume KOMIOHEHTHI JuanmsaTsl ¢ 06'beMHOJ Joei

cnupTa,%

0,6 5,0 8,0
306y THpanbaerns He 06H. He 00H. He 06H.
Aneron He O0OH. He 00H. He O0H.
drundbopmmuar He O0H. He 00H. He O0H.
Iystundopmanrb He O0OH. He 00H. He O0H.
dTunameraT He O0H. 4,1 10,5
MertaHon He 06H. 0,4 0,8
2-TIpOTIaHOJ He O0OH. He 00H. He O0H.
TvaneTun He 00H. He 06H. He 06H.
01-miporiaHon He 00H. 9,8 17,4
M306yTaHomn He 00H. 13,2 23,7
M3oamunanerar He 00H. 0,2 0,6
1-6yTanon He OOH. 0,4 0,7
V3oammion 0,5 50,1 88,4
DTUIKAIIPOaT He 00H. He O0H. He O0OH.
TekcaHoI He 00H. 0,05 0,07
DTUIAKTAT 0,2 0,2 0,3
DTUIKATIPUIAT He 00H. He O0H. He O0H.
DTUIKANpaT He 00H. He O0H. He OOH.
DeHUI3TUIOBBIN CIUPT 18,2 20,3 21,3
Cymma 18,9 98,7 163,8

CyMMa JIeTyurx KOMIIOHEHTOB B IMau3aTe ¢ 00beMHOIt 10-
neii crivpra 5,0 % yBenmumniack 6ojee uem B 5 pas, a B [uanusa-
Te ¢ 06beMHOI1 Hoseii ciupTa 8,0% — moutu B 9 pas.

B HanbosblieM KOMMYECTBE B HUX COMOEpsKaTCsl BBICIINE
CIMPTHI M30aMMION, M300yTaHom, 1-mpomanon (50,1 mr/mm®
u 88,4 mr/om®; 13,2 mr/om® n 23,7 mr/om®; 9,8 mr/om> u 17,4 mr/
IM® cooTBeTCTBeHHO). ComepykaHue (eHMISTUIOBOTO CIIMPTa
yBeIMUMIOCh Ha 11 % B auanu3sate ¢ 06beMHOI T0Jeli ITUIOBO-
ro crivpra 5,0% v Ha 17 % B quanusare ¢ 06beMHOI JOJeN 3TU-
sioBoro crimpra 8,0 % 1Mo CpaBHEHUIO C UCXOAHBIM IMaIN3aTOM.

Pe3ynbTaThl MCCIeOBaHNI KOTMYECTBEHHOIO M KaueCcTBeH-
HOTO COCTaBa OPraHMYeCKMX KUCIOT B MIMBHBIX AMaaM3aTaxX Mpu-
BeneHbl B Taol. 2.
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Tab6nuia 2
MaccoBasi KOHIIEHTpaluys OpraHNYeCcKuX KUCIOT
B MIMBHBIX JMA/IN3aTax ¢ pasjindHOli 06'beMHOI Joneit
3TWJIOBOTO CIIMPTA, I/AM>®

HaumeHoBaHMe Juan3sarsl ¢ 00b€MHOI1 Koseit cnpra,%

KUCIOTHI 0,6 5,0 8,0
IllaBeneBas He 06H. He 06H. He 06H.
BuuHast 0,03 0,02 0,01
MypaBbuHasi He O0H. He 00H. He O0H.
sSd6mouHas 0,5 0,3 0,1
MonouHas 0,3 0,2 0,1
JIuMOHHasI He O6H. He 00H. He O6H.
SuTapHas 0,7 0,5 0,2

Kak BUIHO 13 TaGMUIIbI, OPraHNUECKME KUCIOTHI B MICXOJHOM
MMMBHOM JMa/i3aTe MpeCTaBIeHbl I0JIOUHO, MOJIOYHOV 1 STHTap-
HOJ1 KucioTamu. BuHHas Kuciora o6HapykeHa B ciegax. Cymmap-
Hasl MaccoBasl KOHIIEHTPAIMsI OPraHNMYeCKUX KUCIOT COCTaBJIsIeT
1,5 r/mm°. B mmanmusaraxX, CKOHIEHTPUPOBAHHBIX O OObEMHOI
nmomy criipra 5,0% u 8,0%, KaueCTBEHHbIV COCTaB OPraHNUeCKUX
KUCJIOT COXPaHMIICSI, MaccoBasi KOHIEHTPALMSI MX YMEHBIINUIACh
u cocraBwia B cymme 1,0 t/om® n 0,4 r/mm3 COOTBETCTBEHHO.

[Tpu uccnemoBaHUM KOJMUECTBEHHOTO U KaUeCTBEeHHOIO CO-
CTaBa aMMHOKMC/IOT B MIMBHBIX AMaIu3aTax ObIIo MAEHTUDULII-
poBaHO 18 aMMHOKNUCIOT. Pe3ynpTaTsl McCaef0BaHMii IpuBee-
Hbl B Tabi. 3.

Tab6nuia 3
MaccoBas KOHIEHTpauusi aMMHOKUCIOT B IIMBHBIX
auaansarax c pasanHoﬁ 00beMHOM }.IOIIeﬁ 9TUJIOBOT'O
cnupTa, Mr/gm>

uanmsaTtsl ¢ 06beMHOIA KoJIeit crmpra, %
HaumeHOBaHMe KMCIOTBI

0,6 5,0 8,0
AcmaparnHoBasi KMCIOTa 0,9 0,4 0,5
[MoTaMHOBAsT KMCIOTa 0,5 0,5 0,5
Acnaparua 7,5 7,4 7,1
Tuctnanu 0,8 0,6 0,5
CepuH 3,1 2,0 0,7
Tnmoramun 13,1 6,9 1,9
ApruHuH 0,5 0,4 0,1
InuuyH 1,1 1,1 1,0
TpeoHUH 4,7 4,4 4,2
AaHuH 434 15,3 12,7
Tuposux 1,2 0,6 0,5
Banun 3,1 1,9 1,5
MeTuoHuH 11,3 5,4 1,8
Tpunrodan 0,8 0,6 0,4
W3oneiuyu 3,5 2,2 1,4
deHntaaHMH 0,5 0,6 0,5
JleiuyH 3,6 2,3 1,2
JInsuH 0,6 0,5 0,4
Cymma 100,2 53,4 36,9

B nmmanusare, CKOHIEHTPUMPOBAHHOM [0 OOGBEMHON HOIU
aTua0BOrO crimpra 5,0 %, cogepskaHue aMUHOKMUCIOT B 1,8 pasa,
a B auanusaTte ¢ o6beMHOI moneit coupra 8,0% — B 2,7 pasa
HIKe, YeM B MICXOJHOM AMaju3arTe.

OpraHosenTUueCcKuii aHaan3 IoKa3ai, YTo AMaln3aThl uMe-
IOT MPUSITHBIN JIETKUI MMBHOM apoMar.

3.2 Hccnedosanue 61USIHUA PEXCUMO8 aspayuul
Ha (PYHKUYUOHAIbHYI0 AKIMUBHOCINb YKCYCHOKUCBIX
6akmepuli npu noJiyueHUU yKCyca u3 NnUeHsIX
Juanu3amoe, CKOHUeHMpPUpPOBAaAHHbIX 00 06BeMHOILI Do
amunoeozo cnupma 8,0%
CornacHo sanHbIM Tabi1. 4, HaMbObIIIee KOMMYECTBO YKCYCHOIA
KMUCIOTHI 06pa30BbIBATIOCH ITPU PACXOfie BO3ayXa OT 3 1o 5 mv>3/uac.
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[Tpomo/kMUTeNbHOCTD LMK/Ia OKMCIEHUS ITPU 3TOM COCTaBU-
J1a 5-6 CyTOK, B TO BpeMsI Kak Ipy pacxofe 2 IM>/4ac TeXHOJIO-
IMYeCKUii UMK YBeJIMIUBAJICS 10 8 CYTOK.
Tabnuia 4
MaccoBasi KOHII€HTpaIysl YKCYCHOV KUCIOTBI
B 3aBUCUMOCTH OT Pacxoja BO3ayxa

MaxkcumMmasabHasi MaccoBast

Pacxop, KOHUEHTPAUMS YKCYCHOM KUCIOTHI, %
BO3IyXa, IM>/Jac
KOJIOHKa 1 KOJIOHKA 2 KOJIOHKa 3
6,1 6,5 6,2
3 6,6 6,9 6,8
5 6,7 6,9 6,8

B cBS3M € TeM, UTO IIpU YBeIMUYEHUM Pacxofia Bo3ayxa C 3 10
5 mm3/4ac HaKOTUIEHME YKCYCHOI KMCIOThI IIPAKTUYECKU He yBe-
JIMUMBAETCS, 3a OIITMMAJIbHBI BapMaHT BbIGpaH pacxop 3 aM3/Jyac
Ha 1am® cpeppl. [Tpy 3TOM cofepskaHMe pacTBOPEHHOTO KUCJIOPO-
J1a B KYJIbTYPaJIbHO KUAKOCTY Komebanock ot 2,1 1o 2,4 mr/mm>.

3.3 Hccnedosanue 81ussHUA CMapmoeoli KOHUeHmpauuu
YKCYCHOUI KUC10mbl HA (QYHKYUOHAbHYI0 AKINUGHOCMb
YKCYCHOKUCIbIX OaKkmeputi npu noJjiy4eHuu ykcyca
U3 NUGHbIX 0UANU3AIMN08, CKOHUEHMPUPOBAHHBIX
0o 06BeMmHOli do1u 3muioeozo chupma 8,0%

/3 MpakTMKYU TIPUTOTOBJIEHMS] CIIMPTOBOTO YKCyca OGUOXM-
MMWYECKMM CII0CO60M M3BECTHO, UTO MCXOAHAasl (CTapToBas)
KOHILIEHTpaIMsI YKCYCHOM KUCIOTBI B KYJIbTYPaJIbHOM KUAKOCTH,
MIPY KOTOPOJ MPOUCXOOUT IMPOLLECC OKMUCAEHMSI CIUPTA YKCYC-
HOKMCIBIMU GaKTEPUSIMM BAMSIET HA BbIXOJ, TOTOBOTO MPOAYKTA
U ero KauyecTBO. Pe3ynbTaThl HaKOIJIEHUSI YKCYCHOM KMUCIOTBI
B ITpolIecce OKMCJIeHMS STUIOBOTO CIIMPTa IIPU pas3JINIHO¥ cTap-
TOBOJ KOHIIEHTPAIMM YKCYCHOM KUCIOTBI TpUBeAeHbI B Ta6i. 5.

Tabmuiia 5
HaxkoruieHne MaccoBOV KOHIEHTPaIMM YKCYCHOM
KHMCJIOTHI B 3aBUCMMOCTHA OT ee c'rap'ronoﬁ KOHIEHTpauuu
CraproBas
MaccoBast KOHIeH- 475 570 575 6,0 6,5 7’0

Tpauus YKCyCHOM
KMQIoThI, /100 cm®

MaxkcumanbHas
MaccoBasl KOHLIeH-
Tpauysl yKCYyCHOM
KUQI0THI, /100 cm3

6,0-6,2 6,2-6,3 6,4-6,5 6,6-6,7 6,8-6,9 6,8-6,9

[Toka3aHO, UTO MaKCUMMaJibHasl IMPOAYIMPYIOIIasl CII0Co0-
HOCTb YKCYCHOKMC/IBIX OaKTepuit (BBIXOJ YKCYCHOI KUCIOTBI
86 %) HabmomaeTcss TIpM CTapTOBOJ KOHIIEHTPAIMM YKCYCHOI
KucIoThl 6,5-7,0 /100 cm®, obyciaBnuBawomieii hasy pasBUTHUS
MPOAYIIEHTA, KOTOPAst XapaKTepu3yeTcsl OrpaHMUYeHHBIM POCTOM
HOBBIX KJIETOK U BBICOKOI OKUCIISIONIEN CITOCOOHOCTHIO KY/IbTY-
pol. TIpu cTapTOBOI KOHIEHTpAIMM HUKE 5,5 BBIXOI YKCYCHOI
KUCIOTHI 3HAUUTEIbHO YMeHblIaeTcst (79 %), Tak Kak CO3[,al0TCsI
YCIOBUS 1)1 pOCTa 6MOMacChl YKCYCHOKMCITBIX OaKTepuii.

[anbHeiime uccaegoBaHMUs IIPOBOAMIN IIPU CTAPTOBOM
KOHIIEHTpAaLM YKCYCHOM KUCIOTHI 6,5 T/100 cm®. TIpornecc okumc-
JIeHUs BeJIU IIpU pacxoje Bo3ayxa 3 am3/uac Ha 1aM> cpefibl.

3.4 HccnedosaHnue GUOXUMUUECKO20 COCMABA

YKCyca, nojiyueHHO020 U3 NUBHbIX JUanu3amos,

CKOHUEeHIMPUPOBaHHbIX 00 00BeMHOlLI 001U 3IMNUT08020

cnupma 5,0% u 8,0%

B monyueHHOM yKCyce OTNpenessii KaueCTBeHHbI U KOJIK-
YeCTBEHHbIN COCTaB OPTaHNUYECKUX KUCIOT, IETYUMX KOMIIOHEH-
TOB ¥ aMMHOKMCIOT. Pe3yabTaThl MCCIeIOBaHW MPUBEIEHbBI
B Ta0m. 6, 7, 8.

Kak BumHO 13 Tabi. 6, TOMUMO YKCYCHOW KUCIOTBI, APYTUe
opraHnyeckye KMUCIOThI COMEPKATCS B YKCYCe B HE3HAUUTETb-
HbBIX KOJIMYECTBAX.
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Tab6nuia 6
MaccoBasi KOHIIEHTPaIVs OpraHUYeCcKUX KUCJIOT, I/am®

VKcyc U3 IMBHOTO
Jyanusara

VKcyc U3 IMBHOTO
[yanusara

¢ 00beMHOJ Jonei ¢ 00'beMHOI1 J071ei
cniipra 8,0 % crpra 5,0 %

[llaBeneBast 0,1 0,1
BunHas He 0OHapyxeHO He 0OHaPYXXeHO

OpI‘aHl/l‘-[ECKaﬂ KHUoIora

MypaBbuHast He 06HAPYKeHO He 06HAPYKeHO
sSI6mouHas 0,1 0,1
MosouHast 0,4 0,6
JIuMoHHast 0,3 0,5
SIuTapHas 0,3 1,0
VKcycHast 6,9 3,9

Ta6nuua 7
MaccoBasi KOHIEHTPALVS JIETYYMX KOMIIOHEHTOB, MI/JIM>

VKCyC 13 IMBHOTO
nuanusara

VKCYC Y3 IIMBHOTIO

HaumeHOBaHMS JIETy4MX Auanusara

KOMIIOHEHTOB ¢ 00beMHOJ T o€ ¢ 06'beMHOI1 071ei
crniupra 8,0% crupra 5,0 %

Aueranpaerny, He 0OHapyXeHO He 0OHAPYXXeHO
V306yTHpanboerns He 06HAPYKeHO He 06HAPYKeHO
AueToH He 06HapYKeHO He 00HapYKeHO
dtundopmmuar He 00HapyXeHO He 00HapYXeHO
Iuarundopmainb He 0OHapyXeHO He 00HAPYXeHO
dTuiaueraT 1,2 1,2
MeTaHon 0,5 He 06HAPYKeHO
2-TIpONaHoI He 06HapYKeHO He 06HApY)KeHO
InaueTnin He 00HapYXeHO He 00HapYKeHO
2-6yTaHon He 06HapYKeHO He 0O6HapyxeHO
1-niponianon 12,8 3,4
V306yTaHoN 19,2 10,5
V3oammnanerar He 06GHapYKeHO He 06HapY)KeHO
1-6yraHon 0,5 0,2
V3oamuion 69,4 21,0
dTUIKampoar He 06HaPYKeHO He 06HAPYKeHO
TexkcaHon He 06GHapYKeHO He 06GHapYKeHO
DTUIIaKTaT 1,0 0,5
DTUIKanpmiaT 0,8 0,2
dTUIKanpar He 06HAPYKeHO He 06HapYKeHO
DeHUISTWIOBBIN CIUPT 32,4 28,2
CyMMa JIeTyumnx

KgMHOHEH'IY:B 157,9 65,2

Tab6nuia 8

MaccoBasi KOHIIEHTpALMsI aMUHOKUCIOT, MI/OM3

VKCYC U3 IIMBHOI'O VKCYC U3 IIMBHOTIO

HammeHoBaHus uManusaTa nuanusara
aAMMUHOKMUCIOTHI ¢ 00beMHOJ T0ei ¢ 00'beMHOI1 071ei
crniupra 8,0% crupra 5,0 %
AcmaparnHoBasi KMCIOTa 1,2 0,9
TnoTamuHoOBas KMUcIOTa 0,8 0,6
Acnaparna 7,5 7,4
I'mctuguua 0,4 0,3
Cepun 1,3 2,8
[noTaMuH 2,5 7,5
AprunuH 0,3 1,1
Tnuuyn 6,6 6,4
TpeoHnH 5,8 6,1
AnaHuH 38 42,8
Tuposun 1,2 1,3
Bannn 4,5 5,7
MeTuoHUH 3,6 7,1
Tpunrodan 0,8 1,1
V3omneitiina 3,4 4,1
OeHMTaTaHUH 2,5 2,4
Jleituuu 2,4 3,2
JIusun 0,7 0,8
Cymma 83,5 101,6

1. Introduction

Currently, brewing is one of the developed branches of the
food industry of the Russian Federation. In addition, every year
the volume of production of non-alcoholic beer increases, which
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ComepskaHye JeTy4ux KOMIIOHEHTOB B YKCyCe M3 MUBHOTO
IuanausaTa ¢ 06beMHOI1 moseit ciiupta 8,0 % B 2 pasa BbIllie, YeM
U3 nyuanusaTa ¢ 06beMHO¥ mosneit cripra 5,0 %.

ITokasaHO, YTO YKCYCHOKMCJIbIe OaKTepUM WHTEHCUBHO
CUHTE3UPYIOT aclaparnHOBYIO KUCIOTY, CEPUH, TIUIMH, TPEO-
HUH, aJlaHMH, BaJIMH, TpUNTOdaH, U30IeMIMH, a TAKKe IUKIIA-
YyecKue apoMaTUUecKye aMUHOKUCIOThI TUPO3UH U (peHua-
JIAaHMH, YYaCTBYIOIIME B CJIOXKEHUM CrIendrIeckoro apomara.
Kak BuIHO 13 TabauUIbl, CcyMMa aMMHOKUCIOT B 060MX 06pas-
IIaxX yKCyca BbIllle, YeM B MCXONHBIX AMaauM3aTax MOUTU B 2
pasa B YKCyce M3 nuanusaTa ¢ o6beMHoii moseii ciupra 8,0 %
u 6oj1ee yeM B 2 pasa M3 IuanansaTa c 06beMHOI JoJIeil CripTa
5,0%.

VKcyc, TIOMYyUYEHHbI 13 CKOHIIEHTPUPOBAHHBIX MUBHBIX IV-
anM3aToB, 00/afaeT XapaKTepHbIMU CrIelU(pUIeCKUMU OPraHo-
JIETITUYECKMMMY CBOJCTBAMM, C JIETKMM ITMBHBIM apOMAaTOM B CO-
YyeTaHWUM C XJIEOHBIMM TOHAMIA.

4. BbIBOJBI
B pesynbraTe MpoBemeHHBbIX MCCIEIOBAHUI YCTaHOBJIEHO:

) omTMMasbHBIN pacxof Bo3ayXa B MPOliecce YKCYCHOKMCIOTO
OGpO’keHMsT MMBHOTO OMayu3aTa, CKOHIIEHTPUPOBAHHOTO 10
06beMHOI1 oM 3TMUI0BOTO crinpra 8,0 %, cocTaBisieT 3 am3/
vac Ha 1am® cpensl. [Ipy 3TOM copepskaHye pacTBOPEHHOTO
KMCJIOPOAA B KYJIbTYPaJbHOM XUAKOCTU Koyebanoch ot 2,1
o 2,4 mr/oms;

[l crapToBas KOHLEHTpaLusli YKCYCHOM KUCJIOTHI BAMSIET HA
(byHKIVOHATBHYI0 aKTUBHOCTH YKCYCHOKUCIBIX OaKTepuit
Py TIOAYUYeHUM YKCyca M3 TNUBHBIX Ouanu3aToB. IToka-
3aHO, YTO MaKCMMajbHas MPOAYIMPYIOIIasi CIIOCOOHOCTh
YKCYCHOKMC/IBIX GaKkTepuit HaGMIOmAeTcss TpU CTapTOBOIA
KOHIIEHTpAUUM YKCYCHOM Kuciaothl 6,5 1/100 cMm3, 06-
yoiaBiauBamwuein ¢asy pasBUTHSI TIPOAYILIEHTA, KOTOpas
XapaKTepu3yeTcsl OTPAaHMUYEHHBIM POCTOM HOBBIX KJIETOK
M BBICOKOI OKMCISIONIEN CIIOCOOGHOCTBIO KYJAbTYpbI. ITpu
CTapTOBO KOHIleHTpauuu Hke 5,5 r/100 cm®, BHIXOA, VK-
CYCHOJ KMUCIOTHI 3HAYUTETbHO YMEHBIIAETCs, TaK KaK CO-
3[AI0TCS YCJIOBUS IJIsSI pOCTa O6MOMAcCChl YKCYCHOKMCITBIX
6aKTepui;

() B mporecce yKCyCHO¥ (epMeHTauy MUBHBIX AMAIN3aTOB
MMPOMCXOUT aKTMBHOE HAKOIUIEHMEe aMMHOKUCIOT, CyMMa
aMMHOKMCIOT B 060MX 06pasiiax yKcyca BbIllle, YeM B ICXOM -
HBIX Jyanyu3aTax — IMOUTK B 2 pas3a B YKCyCe M3 Ayanusara
¢ o6beMHOIT moseii criupra 8,0% u 6osee uem B 2 pasa U3
IuanusaTa ¢ 00beMHOIt Josneit criupra 5,0 %;

0 B mporiecce YKCyCcHOM (epMeHTalyy MUBHBIX OMUaTN3aTOB
MTPOMCXOIUT HAKOIUIeHNE B-(EeHWIITUIOBOTO CIIUPTA, CUH-
Te3 3()MPOB STUJUIAKTATA M STUIKAIIPUIATa, 00yCIaBIMBai0-
IUX CIenUPUIHOCTD MTPOTYKTA.

Ha ocHOBaHMM pe3y/lbTaTOB MCCIEIOBaHUII pa3paboTaHbI
TEXHOJIOTMYECKME DPEKMMBbI TTOJIyUeHUsT yKCyca M3 Juannusara,
CKOHIIEHTPUPOBAHHOTO 10 0ObEMHOI JOMM 3TUIOBOTO CIIUP-
ta 8%, MepuogMYecKUM ITyOMHHBIM METONOM: YCJIOBUSI a3-
pauuu — 3 qm3/yac Ha 1aM3 cpefibl; CTapTOBask KOHIIEHTPALIMS
YKCYCHOJ KUCIOTBI — 6,5 1/100 cM3; onTMMaJsibHast TeMITepaTypa
npoiecca — 28-30 °C.

is obtained, as a rule, by dialysis of ordinary beer. The dialysate
produced during production contains ethyl alcohol, which en-
tails the need for its rational use and accounting in accordance
with the requirements of Federal Law No. 171-FZ «On State Reg-
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ulation of Production and Circulation of Alcohol, Alcoholic and
Alcohol-Containing Products».

One of the most effective ways of its application is the produc-
tion of vinegar. Food vinegar is widely used in food production.

The least valuable among its varieties is table vinegar, which
is made by diluting with water acetic acid, produced by synthesis
during the processing of wood waste.

Several higher quality has spirit vinegar, obtained as a result
of microbiological synthesis using acetic acid bacteria of the rec-
tified food alcohol. Full or partial replacement of rectified alco-
hol by the head fraction of ethyl alcohol, allows to obtain vinegar
by organoleptic and physico-chemical properties not inferior to
vinegar, obtained from rectified alcohol [1-8].

Of course, grape and fruit (apple, quince, etc.) vinegars [9-17],
which are obtained directly from grape and fruit wine materials,
have a higher quality. The most progressive is the method de-
veloped by All-Russian Scientific Research Institute of Brewing,
Non-Alcoholic and Wine Industry for the production of apple ci-
der vinegar with a movable nozzle, in which the deep method is
combined with the use of a special nozzle made of polyethylene.
Thus, the operating time available in the institute can be used as
a basis for improving the technology for producing high-quality
vinegar from food raw materials. The development of vinegar
technology from beer dialysate will promote the expansion of
the assortment of domestic food products, and most importantly,
will allow us to find the rational use of one of the main secondary
brewing products — alcohol-containing dialyzates.

The goal of the work is the development of technological re-
gimes for the processing of beer dialyzates for the vinegar pro-
duction.

2. Materials and Methods

The studies were conducted in laboratory conditions using
Institute analysis methods adopted in enochemistry, brewing,
acetic industry and in the relevant GOST, and modern instru-
mental methods of analysis.

The qualitative composition and mass concentration of or-
ganic acids were determined on a liquid chromatograph «Stayer»
with a spectrophotometric detector.

The qualitative and quantitative composition of the volatile
compounds was determined by gas chromatography on a gas
chromatograph Crystal 5000.2 M (Chromatek, RF) with a flame
ionization detector, equipped with an automatic system for col-
lecting and processing information. The method is based on the
separation of a mixture of volatile components in a sample and
their subsequent detection by a flame ionization detector. The
chromatographic column is HP-FFAP («Agilent», USA) 50 m long
and 0.32 mm inner diameter with a fixed film thickness of 0.5 pm.

Qualitative and quantitative composition of amino acids was
determined on a liquid chromatograph with a diode-array detec-
tor «Agilent Technologies 1200» («Agilent», USA), equipped with
an automatic system for collecting and processing information on
the method for measuring the concentration of free amino acids
in alcoholic and non-alcoholic beverages by high-performance
liquid chromatography. The method is based on chromatographic
separation of amino acids in a sample and their subsequent detec-
tion by a diode array detector. Chromatographic column-Luna 5u
C18(2) 100A 150 * 4.6 mm 5 micron (Phenomenex, USA).

In studies were used dialysates of beer samples with a vol-
ume fraction of 0.6% ethyl alcohol, beer dialysates samples,
concentrated to a volume fraction of 5.0 % ethanol and 8.0 %.

Acetic acid fermentation was carried out in a deep way. Was
used a strain of microorganisms Acetobacter aceti VNIIPBT-66,
provided by Federal Institution «State Research Institute of Ge-
netics and Selection of Industrial Microorganisms of the Nation-
al Research Center».
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To cultivate the strain, was used a liquid medium of the follow-
ing composition: rectified ethyl alcohol 7.0%; acetic acid (ice) —
0.79%; (NH4),HPO,-0.5%; KH,PO,, 0.2 %; MgS0,0.2%.

Cultivation was carried out by the method of gradual accumu-
lation of biomass and an increase in the physiological activity of
bacteria by successive transfer to nutrient media.

The process of biochemical oxidation of ethyl alcohol with
acetic acid bacteria was carried out in vertical glass tanks with a
jacket with a capacity of 1.5 dm?. The air to the tank was fed from
the microcompressor from below through a fine porous nozzle. The
temperature in the oxidant was maintained at a level (30 * 2) °C by
feeding water into the jacket.

In order to clarify the optimal amount of air, required in
the process of acetic acid fermentation, its consumption was
changed from two to five dm’%hr per dm® of the culture liquid.

The oxidation process was carried out to the volume fraction
of the residual ethyl alcohol from 0.15 % to 0.3 %.

To determine the optimum starting concentration of acetic
acid, dialysate oxidation was carried out at different initial con-
centrations of acetic acid: 4.5; 5.0; 5.5; 6.0; 6.5; 7.0 g/100 cm?. At
the same time, the amount of initial concentrations and volume
fraction of ethyl alcohol was 8.0 %.

3. Results and Discussion

3.1 A study of the biochemical composition of beer dialysates
with a volume fraction of ethyl alcohol of 0.6 % and
brewing dialysates, concentrated to a volume fraction of

ethyl alcohol of 5.0% and 8.0%

It is known that beer is rich in aromatic components [18-20].
Some aromatic substances from beer partially pass into dialy-
sate during membrane dealcoholization.

The quantitative and qualitative composition of the volatile
components was determined in the studied samples of beer di-
alysates. The data are presented in Table 1.

Table 1
Volatile Components of Beer Dialysates with Different
Volume Fraction of Ethyl Alcohol
Mass Concentration, mg/dm3

Dialysates with a volume fraction

Volatile Components of alcohol, %

0,6 5,0 8,0
Isobutyraldehyde Not Found Not Found Not Found
Acetone Not Found Not Found Not Found
Ethyl formate Not Found Not Found Not Found
Diethylformal Not Found Not Found Not Found
Ethyl acetate Not Found 4,1 10,5
Methanol Not Found 0,4 0,8
2-propanol Not Found Not Found Not Found
Diacetyl Not Found Not Found Not Found
01-propanol Not Found 9,8 17,4
Isobutanol Not Found 13,2 23,7
Isoamyl acetate Not Found 0,2 0,6
1-butanol Not Found 0,4 0,7
Isoamylol 0,5 50,1 88,4
Ethylcaproate Not Found Not Found Not Found
Hexanol Not Found 0,05 0,07
Ethyl lactate 0,2 0,2 0,3
Ethyl caprylate Not Found Not Found Not Found
Ethylcaprate Not Found Not Found Not Found
Phenylethyl alcohol 18,2 20,3 21,3
Amount 18,9 98,7 163,8

As can be seen from the table, isoamylol, ethyl lactate and
phenylethyl alcohol were detected in the dialysate with a vol-
ume fraction of alcohol of 0.6 % from the volatiles being deter-
mined. When dialysate was strengthened to a volume fraction of
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ethyl alcohol of 5.0% and 8.0 %, volatile compounds were also
concentrated.

The amount of volatile components in the dialysate with a
volume fraction of alcohol 5.0 % increased for more than 5 times,
and in a dialysate with a volume fraction of alcohol 8.0% — al-
most 9 times.

Most of them contain higher alcohols isoamylol, isobutanol,
1-propanol (50.1 mg/dm® and 88.4 mg/dm?3, 13.2 mg/dm? and
23.7 mg/dm?, 9.8 mg/dm?3 and 17.4 mg/dm3, respectively). The
content of phenylethyl alcohol increased by 11% in a dialysate
with a volume fraction of ethyl alcohol of 5.0% and by 17% in a
dialysate with a volume fraction of ethyl alcohol of 8.0% com-
pared to the initial dialysate.

The results of studies of the quantitative and qualitative com-
position of organic acids in beer dialyzates are given in Table 2.

Table 2
Mass concentration of organic acids in beer dialysates
with different volume fraction of ethyl alcohol, g/dm3

Dialysates with a Volume Fraction

Acid Name of Alcohol,%

0,6 5,0 8,0
Oxalic Not Found Not Found Not Found
Tartaric 0,03 0,02 0,01
Formic Not Found Not Found Not Found
Malic 0,5 0,3 0,1
Lactic 0,3 0,2 0,1
Citric Not Found Not Found Not Found
Siccine 0,7 0,5 0,2

As can be seen from the table, the organic acids in the initial
beer dialysate are represented by malic, lactic and succinic acids.
Tartaric acid is found in the tracks. The total mass concentra-
tion of organic acids is 1.5 g/dm?. In dialyzates concentrated to
a volume fraction of alcohol of 5.0% and 8.0 %, the qualitative
composition of organic acids was preserved, their mass concen-
tration decreased and amounted to a total of 1.0 g/dm?® and 0.4
g/dm?, respectively.

In the study of the quantitative and qualitative composition
of amino acids in beer dialyzates, 18 amino acids were identified.
The results of the studies are shown in Table 3.

Table 3
Mass Concentration of Amino Acids in Beer Dialysates
with Different Volume Fraction of Ethyl Alcohol, mg/dm?

Dialysates with a Volume Fraction

Acid Name of Alcohol,%

0,6 5,0 8,0
Aspartic acid 0,9 0,4 0,5
Glutamic acid 0,5 0,5 0,5
Asparagine 7,5 7,4 7,1
Histidine 0,8 0,6 0,5
Serin 3,1 2,0 0,7
Glutamine 13,1 6,9 1,9
Arginine 0,5 0,4 0,1
Glycine 1,1 1,1 1,0
Threonine 4.7 4,4 4,2
Alanin 43,4 15,3 12,7
Tyrosine 1,2 0,6 0,5
Valine 3,1 1,9 1,5
Methionine 11,3 5,4 1,8
Tryptophan 0,8 0,6 0,4
Isoleucine 3,5 2,2 1,4
Phenylalanine 0,5 0,6 0,5
Leucine 3,6 2,3 1,2
Lysine 0,6 0,5 0,4
Amount 100,2 53,4 36,9
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The dialysate was concentrated to a volume fraction of 5.0 %
ethyl alcohol, amino acid content of 1.8 times, and the dialysate
with a volume fraction of alcohol, 8.0 % — in 2.7 times lower than
in the source of dialysate.

Organoleptic analysis showed that dialysates have a pleasant
light beer aroma.

3.2 Study of aeration regimes effect on the functional activity
of acetic acid bacteria in the preparation of beer vinegar
dialysates, concentrated to a volume of ethyl alcohol, 8.0%
According to the data in Table 4, the greatest amount of ace-

tic acid was formed at an air flow rate of 3 to 5 dm3/h.

Table 4
Mass Concentration of Acetic Acid Depending
on the Air Flow

The Maximum Mass Concentration

Air consumption, dm3h of Acetic Acid,%

Column 1 Column 2 Column 3
6,1 6,5 6,2
6,6 6,9 6,8
5 6,7 6,9 6,8

The duration of the oxidation cycle in this case was 5-6 days,
while at a flow rate of 2 dm3/h the process cycle increased to 8 days.

Due to the fact that with increasing the air flow rate from 3
to 5 dm%h, the accumulation of acetic acid does not practically
increase, for the optimal variant, a flow rate of 3 dm3/h per 1 dm?
of medium is chosen. The content of dissolved oxygen in the cul-
ture liquid ranged from 2.1 to 2.4 mg/dm?®.

3.3 The study of the influence of the initial concentration
of acetic acid on the functional activity of acetic acid
bacteria in obtaining vinegar from beer dialysates
concentrated to the volume fraction of ethyl alcohol 8.0%
From the practice of preparing alcohol vinegar biochemical-
ly, it is known that the initial (starting) concentration of acetic
acid in the culture liquid, at which the process of alcohol oxi-
dation with acetic acid bacteria affects the yield of the finished
product and its quality. The results of the accumulation of ace-
tic acid in the process of oxidation of ethyl alcohol at different
starting concentrations of acetic acid are given in Table 5.
Table 5
Accumulation of Mass Concentration of Acetic Acid,
Depending on its Starting Concentration
Starting Mass Concen-

tration of Acetic Acid, 45 5,0 5,5 6,0 6,5 7,0
g/100 cm3
Maximum Mass Con-

centration of Acetic
Acid, g/100 cm?

6,0-6,2 6,2-6,3 6,4-6,5 6,6-6,7 6,8-6,9 6,8-6,9

It has been shown that the maximum production capacity of
acetic acid bacteria (acetic acid yield 86 %) is observed with a
starting acetic acid concentration of 6.5-7.0 g/100 cm?, which
determines the development phase of the producer, which is
characterized by limited growth of new cells and a high oxidiz-
ing ability of the culture. With a starting concentration below
5.5, the yield of acetic acid decreases significantly (79 %), as cre-
ated conditions for the growth of biomass of acetic acid bacteria.

Further studies were carried out with a starting acetic acid
concentration of 6.5 g/100 cm3. The oxidation process was car-
ried out at an air flow rate of 3 dm3/hr per 1 dm? of medium.

3.4 A study of the biochemical composition of vinegar,
obtained from beer dialysates concentrated to a volume
fraction of ethyl alcohol of 5.0% and 8.0%

In the resulting vinegar determined the qualitative and quan-
titative composition of organic acids, amino acids and volatile

components. The results of the studies are given in Tables 6, 7, 8.
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As can be seen from Table 6, in addition to acetic acid, other
organic acids are contained in vinegar in small quantities.

Table 6
Mass Concentration of Organic Acid, g/dm?

Vinegar from Beer  Vinegar from beer

Organic Acid a Volume Fraction  a volume fraction
of Alcohol 8.0% of alcohol 5,0%
Oxalic 0,1 0,1
Tartaric Not Found Not Found
Formic Not Found Not Found
Malic 0,1 0,1
Lactic 0,4 0,6
Citric 0,3 0,5
Siccine 0,3 1,0
Acetic 6,9 3,9

The content of volatile components in vinegar from beer
dialysate with a volume fraction of alcohol 8.0% is 2 times
higher than that from dialysate with a volume fraction of al-
cohol of 5.0%.

It has been shown that acetic acid bacteria intensively syn-
thesize aspartic acid, serine, glycine, threonine, alanine, valine,
tryptophan, isoleucine, and cyclic aromatic amino acids tyrosine
and phenylalanine involved in the addition of a specific flavor.
As can be seen from the table, the amount of amino acids in both
vinegar samples is almost twice as high in dialysate vinegar from
dialysate vinegar with a volume fraction of alcohol of 8.0 % and
more than 2 times from dialysate with a volume fraction of al-
cohol of 5.0%.

Vinegar, obtained from concentrated beer dialysates, has
characteristic specific organoleptic properties, with a light beer
aroma in combination with bread tones.

Table 7
Mass Concentration of Volatile Components, mg/dm3

Vinegar from Beer  Vinegar from beer

Volatile Component Dialysate with dialysate with
Names a Volume Fraction a volume fraction of
of Alcohol 8.0% alcohol 5,0%

Acetaldehyde Not Found Not Found
Isobutyraldehyde Not Found Not Found
Acetone Not Found Not Found
Ethyl formate Not Found Not Found
Diethylformal Not Found Not Found
Ethyl acetate 1,2 1,2
Methanol 0,5 Not Found
2-propanol Not Found Not Found
Diacetyl Not Found Not Found
2-butanol Not Found Not Found
1-propanol 12,8 3,4
Isobutanol 19,2 10,5
Isoamyl acetate Not Found Not Found
1-butanol 0,5 0,2
Isoamylol 69,4 21,0
Ethylcaproate Not Found Not Found
Hexanol Not Found Not Found
Ethyl lactate 1,0 0,5
Ethyl caprylate 0,8 0,2
Ethylcaprate Not Found Not Found
Phenylethyl alcohol 32,4 28,2
Amount of Volatile 137,9 65,2

Components

10
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Table 8
Mass Concentration of Amino Acids, mg/dm?

Vinegar from Beer  Vinegar from beer

Amino Acids Names , Gl BT 4 volume fraction of
of Alcohol 8.0% alcohol 5,0%
Aspartic acid 1,2 0,9
Glutamic acid 0,8 0,6
Asparagine 7,5 7,4
Histidine 0,4 0,3
Serin 1,3 2,8
Glutamine 2,5 7,5
Arginine 0,3 1,1
Glycine 6,6 6,4
Threonine 5,8 6,1
Alanin 38 42,8
Tyrosine 1,2 1,3
Valine 4,5 5,7
Methionine 3,6 7,1
Tryptophan 0,8 1,1
Isoleucine 34 4,1
Phenylalanine 2,5 2,4
Leucine 2,4 3,2
Lysine 0,7 0,8
Amount 83,5 101,6
4. Conclusions

As aresult of the carried out researches it is was established:
the optimal air flow in the process of acetic acid fermenta-
tion of beer dialysate concentrated to a volume fraction of
ethyl alcohol of 8.0% is 3 dm3h per 1 dm® of medium. The
content of dissolved oxygen in the culture liquid ranged from
2.1to 2.4 mg/dm3;

the initial concentration of acetic acid affects the functional
activity of acetic acid bacteria when obtaining vinegar from
beer dialysates. It is shown that the maximum production
capacity of acetic acid bacteria is observed at a starting ace-
tic acid concentration of 6.5 g/100 cm3, which determines
the development phase of the producer, which is charac-
terized by limited growth of new cells and a high oxidizing
ability of the culture. With a starting concentration below
5.5 g/100 cm?3, the yield of acetic acid decreases significantly,
as conditions are created for the growth of the biomass of
acetic acid bacteria;

in the process of acetic fermentation of beer dialysates
there is an active accumulation of amino acids, the amount
of amino acids in both samples of vinegar is higher than in
the initial dialyzates — almost 2 times in vinegar from di-
alysate with a volume fraction of alcohol of 8.0 % and more
than 2 times from dialysate with volumetric alcohol con-
tent 5.0 %;

in the process of acetic fermentation of beer dialysates, the
accumulation of B-phenylethyl alcohol, the synthesis of
ethers of ethyl lactate and ethyl caprylate, causing the speci-
ficity of the product.

Based on the results of the research, technological regimes
for obtaining vinegar from dialysate, concentrated to a volume
fraction of ethyl alcohol of 8 %, were developed using a periodic
deep method: aeration conditions — 3 dm3/h per 1 dm® of me-
dium; the starting concentration of acetic acid is 6.5 g/100 cm?;
the optimum process temperature is 28-30 °C.

a
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3AKOHOMEPHOCTHU ®OPMHUPOBAHNUSA BA3KOCTHA
CI'YIIEHHOT'O OBE3)KUPEHHOT'O MOJIOKA C CAXAPOM
OT ITAPAMETPOB TEIIV/IOBOU OBPABOTKHU

Tanctau A.I.Y* Pagaesa 1.A.% Xypmrynsa C.A.!, Typosckas C.H.2

Cemunsarasiii B.K.!, nnapuonosa E.E. 2

! Bcepoccuiickmit HAyYHO-MCCIeA0BATENbCKMUIT MHCTUTYT MMBOBAPEHHO, 6€3aJIKOr0/IbHO M BUHOIEbYeCKO MPOMBINIIEHHOCTY —
®depepabHbI HAYUHbI IEHTP MUIIEBbIX cucTeM M. B.M. Top6aTtoBa PAH, MockBa, Poccus
2 BcepoccuiicKuit HAyUYHO-MCC/IeJOBATENIbCKIUI MHCTUTYT MOJIOYHON ITpOMbITIIeHHOCTH, MockBa, Poccust

KJ/IDYEBKBIE CJIOBA:
MOJIOUHbIE KOHCEPBbI, C2YUIeHHOEe
06e33#UPeHHOe MOTIOKO C CAXAPOM,
8513K0CIMb, MenJi08as 06pabomxa.

AHHOTAL A

CTpPYKTYpHO-MeXaHUUYEeCKMEe CBOVICTBA CTYLIEHHBIX MOJIOYHBIX KOHCEPBOB, B T.U. BSI3KOCTb, 3aBUCSAT OT MHOTMX
(hakTOpoB (BMAA M COCTABA VICXOOHOIO MOJIOUHOTO ChIPbSI, TEXHOJIOTMUECKUX TPUEMOB 06pabOTKM, YCIOBMI
U CPOKOB XpaHEHMs U I1p.) U Yepe3 OpraHoyeNTuIeckye XapakTepUCTUKY ONpeesisioT TOTPe6uTeNbCKIe CBO-
CTBA MPOJYKTOB.

B craTbe npencraBieHbl pe3yabTaThl UCCIeOBAHNS BAVISIHMS PEXXVMOB TEIUIOBO 06paboTKY 06e3KMPEeHHOT0 MOJIO-
Ka Mepef, CrylieHeM Ha BSI3KOCTb TOTOBOTO IPOAYKTa. M3yuanu cBeskeBbIpabOTaHHbIE U ITOCIe XPaHeHVSI 00pasIIbl
CTYIIEHHOTO 06€3KMPEHHOT0 MOJIOKA C CaXapoM, [IJIsl BIPaGOTKM KOTOPbIX MCIIOb30Ba/IM JTab0paTOpHOE 060py/I0-
BaHIe, TIO3BOJISIIONIEe BOCITPOM3BOAUTD OCHOBHbIE TEXHOJIOTMYECKIE OTI€PALIVY TIOTyYeHNSI CTYIIEHHBIX MOIOUYHBIX
KOHCEPBOB ¢ caxapoM. VicciemoBaHo ceMb 06pasiioB CryLIeHHOTO 00€35KMPEHHOT0 MOJIOKA C CaXapoM, TTOTyYeHHbIX
IIPY TPeX TeMIlepaTypax rnacrepusanum obessxupeHHoro momnoxa 75 °C, 85 °C u 95 °C ¢ Beigepskkoii 15 ¢, 10 u 30 MuH.
B o6pasiiax onpenessivi IMHAMUUECKYIO BI3KOCTb, aKTUBHYIO ¥ TUTPYEMYIO KMCIOTHOCTD. [IoKa3aHo, UTO B CBEXe-
BbIPAGOTAHHBIX MMPOAYKTaX TeMiieparypa 75 °C ¢ akcrosutmeit ot 15 ¢ 7o 30 MUH He PUBeNa K OLIyTMMOMY YBeJIU-
YEHMIO BSI3KOCTM 06pasiioB. TerioBoit pexkum 95 °C ¢ akcrosuiimeit 15 ¢ SBUICS PUUMHON YBEeTMYEeHMST BI3KOCTU
1o 1,9 TTa-c. TerioBoit pexkxum 85 °C B TeueHne 30 MUH MIPUBE K ellle GOJIbIIIEMY YBEIMUEHMIO BI3KOCTU — JI0 2,5
[Ta-c. BeIiBUHYTO MpearosnoxkeHue o GopMMUPOBAHNIO B3aMMOCBSI3€l «TeMIlepaTypa macTepu3aium — BSI3KOCTb».
TIpoBesieH aHaIU3 Pe3y/IbTaToB M3MeHeHVs 3G PEeKTUBHOI JUHAMWYECKOI BI3KOCTY B 3aBMCUMOCTM OT TPaAMeHTa
CIBUTa B YKa3aHHBIX 00pasljaX, MOABEPTIINXCSI XPAaHEHUIO TIPU SKCTPEMATILHOM TEMITEPATYPHOM pexkume. [Tomy-
YeHHbIe 3aKOHOMEPHOCTM MaTeMaTuJyecKy 06paboTaHbl U MPEACTaBAeHbl B BUE MPOCTPAHCTBEHHBIX AMarpamMmm
u hopmyit. JlaHbl pekoMeH1anuy Haubosiee MpyeMIeMbIX PeXXMMOB TeIJIOBOI 06paboTKM 06e3KMPeHHOTr0 MOJIOKa,
B HaMMeHbIIIeli CTeTIeHY BIVSIIONIEel Ha yBeIueHne BI3KOCTU IIPOIYKTA TP XpaHeHWU M.

Original scientific paper

REGULARITIES OF VISCOSITY FORMATION
OF CONDENSED FAT-FREE MILK WITH SUGAR
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ABSTRACT

Structural and mechanical properties of condensed milk preserves, including viscosity, depend on many factors
(the type and composition of the raw dairy raw materials, processing techniques, conditions and shelf life, etc.)
and through the organoleptic characteristics determine the consumer properties of the products.

The article presents the study results of the influence of the heat treatment modes of fat-free milk before thick-
ening on the viscosity of the finished product. Were studied freshly processed and after storage samples of con-
densed fat-free milk with sugar, for the development of which was used laboratory equipment, which allows re-
producing the main technological operations for obtaining condensed milk preserves with sugar. Seven samples
of condensed fat-free milk with sugar were obtained at three temperatures of pasteurization 75 °C, 85 C and 95 °C
with a holding time of 15 s, 10 and 30 min. Were determined dynamic viscosity, active and titratable acidity in
the samples. It is shown that in freshly processed products the temperature of 75 °C with the exposure from 15 s
to 30 min did not lead to a significant increase in the viscosity of the samples. The thermal regime of 95 °C with
an exposure of 15 s caused the viscosity to increase up to 1.9 Pa-s. The thermal regime of 85 °C for 30 min led to
an even greater increase in viscosity, up to 2.5 Pa-s. An assumption was made on the formation of interrelations
“pasteurization temperature — viscosity”. The analysis of the results of the change in the effective dynamic vis-
cosity as a function of the shear gradient in the specified samples subjected to storage under extreme temperature
conditions were carried out. The obtained regularities are mathematically processed and presented in the form of
spatial diagrams and formulas. Recommendations are given for the most appropriate modes of heat treatment of
fat-free milk, which least influences the viscosity increase of the product during storage.
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BBepmeHnue

OmHMM U3 BaKHENIIUX IMOKa3aTeleil KauecTBa CrylleHHbIX
MOJIOYHBIX KOHCEPBOB C CaxapoM SIBJIIeTCS BSI3KOCTb. OHa, B TOM
Yyucie, mpefonpenesseT MoTPpeOUTeNbCKYIO IEHHOCTb MPOIYKTa,
CIIoCO6BI M ammapaTypPHO-TEXHONIOTUYECKYIO CXeMY €r0 MpOu3-
BOZICTBA. Pe3koe n3MeHeHMe (KaK IIPaBUJIO, TIOBbIIIIEHNE) BSI3KO-
CTU 06e3XKMPEHHOTO CTYIIeHHOTO MOJIOKa C caxapoM BO BpeMs
XpaHeHWs SIBJISIETCSI OCHOBHOV IIPUUMHOM IIPeTeH3UIA, [IPebsiB-
JITEMBIX ITepepabaThIBAIOIIVMY TPEANPUSITUSIMMU, & TAKKE CHeP-
KMBaHMS peany3aluy POAyKTa HaceneHuio [1,2,3,4].

Vi3BecTHO, YTO BelIMYMHA BSI3KOCTU CrYIIEHHBIX MOJIOYHBIX
KOHCEePBOB C CaxapoM 3aBUCUT OT MHOIMX (aKTOPOB, B TOM YM-
CJle MMHepaJabHOTO coctaBa M pH MosioKa-chipbsi, Ce30Ha roja,
PEXMMOB ¥ CPOKOB XpaHEHMSI TOTOBOTO MTPOAYKTA, PEKMMOB Te-
IIOBO¥ 06pabOTKY ChIPbsI HA MPOU3BOACTBE U Ap. [5,6,7]. IIpn
9TOM, eC/M GONBUIMHCTBO (HaKTOPOB MMEIOT CYyObeKTUBHBINM Xa-
pakTep, TO mapaMeTpbl TEIJIOBOI 06paboTKM AOCTATOUHO 06b-
eKTVUBHBI U TIPEMIOIaraloT BO3MOKXHOCTb Pa3pabOTKM Pe3yiib-
TaT-OpMeHTMPOBAaHHBIX BapMaHTOB mpotecca [8,9,10,11,12].

COOTBETCTBEHHO I1eJIbI0 HACTOSIIIE! PABOTBHI SIBJSIIOCH MCCTIe-
JIOBaHMe BIMSIHUS PEXMMOB TEIUIOBOI 06paboTKM 06e3KMpeH-
HOT'O MOJIOKA TIepe]], CTyIeH/eM Ha BSI3KOCTb TOTOBOTO MPOIYKTa.

Marepuasibl U METOABI

O6BEKTOM MCCIeIOBAHMIT CIYXKUIIO CTYLHIEHHOE 00e3XKM-
PEHHOe MOJIOKO C CaXapoM, IJisi BBIPAGOTKY KOTOPOTO VCIIONb-
30Bajioch JabopaTopHoe o6opymoBaHue MpousBomacTBa HITO
«Mup-IIpogmaii»: TpybyaTasi racTepusalyiOHHO-O0X/IaJUTeNlb-
Hasl YCTaHOBKA, IMPOM3BOAUTEIBHOCTbIO 45 Kr/uac, mabopaTop-
HbIi BBITIAPHOJ ammapar MMPOoM3BOAUTEIbHOCThIO 5 Kr/4yac mc-
MMapeHHO! Bjaru, BaKyymMupyemasi eMKOCTb C OXJIaKHAlomiei
pybalkoii ¥ MeIankoil pabounm 06beMOM 4 JI, UCTIONb3yeMast
U151 OXJIaXKJeHUSI TOTOBOT'O MPOYKTa U KpucTauiusanun. Cbipb-
eM SIBJISZIOCh 06e3KMPeHHOoe MOJIOKO KMCIOTHOCThI0 19-20 °T,
¢ maccoBoii goseii skupa 0,05 %.

B mporiecce 1a60paTOPHBIX BHIPAGOTOK TEMITEPATypa Mmacre-
pusainuu Haxogwiach B mpenenax (75-95)°C ¢ ornpepneneHHOI
BpPEMEHHOI1 BbiiepskKoit (15 ¢, 10 u 30 MuH). Bpems crymeHus
coctaBisuio 45-50 MuH, TemriepaTypa — (50-55) °C. Oxmaskmanu
TOTOBBII IPOAYKT A0 Temmepatypsl 20 °C B TeueHue 30-35 MuH
Y BBIIEPKUBAJIY B OX/IaJUTEIbHOI BaHHeE [0 1 U. 3aTpaBKy JIaKTO-
3bI BHOCU/IM TIpU TeMIiepaTtype (31%2) °C. OxnakgeHHbI TPOAYKT
YIaKOBBIBAIM B MeTa/uTMyeckye 6aHKy N2 7 1 XpaHUIA B TEPMO-
craTe B TeueHue 10 nHeii npu Temneparype (40+2) °C, mociie yero
Ompezensiiy BI3KOCTb U Jpyrye KauecTBeHHble TT0Ka3aTeln.

[lns oripeneneHust M3MeHEHUs] KaueCTBEHHBIX XapaKTepu-
CTUK 00pasI[oB 06e3KMPEHHOTO CTYIIIEHHOTO MOJIOKA C CaXapoM
TocJie XpaHeHUsl MX aHAJIM3UPOBAJIN T10 CIeAYIOIINM MToKasaTe-
JISIM: MaCCcoBasi OIS CyXMX BelllecTB, KUCJIOTHOCTb, pH, AMHamMu-
yecKas BSI3KOCTb, OPraHOJeNTHYeCcKe ToKas3aTeau 1o obiie-
TIPUHSITHIM METOLMKaM.

Pe3ynbraTsl ¥ 00CY)XKAEeHNE

Huke mipeicTaB/ieHbl 3SHAUEHMST TOKa3aTesieit 06pasiioB BbIpa-
60TaHHOTO 06e35KMPEHHOTO CTYIIEHHOTO MOJIOKA C CaXapoMm, Ha-
XOZSIIIECS] B JOMYCTUMBIX JeHCTBYIOUIMM CTaHIAPTOM IIpeIesiax.

MaccoBast 10JIs1 CyXMX BEIeCTB, % 70,5+0,5
MaccoBas 07181 Cyx1X BelllecTB caxapa, % 44,6 £0,6
Kucnoruocts, °T 50,0+2,0
pH 6,16 £0,05
IJI0THOCTB, T/CM3 1,34+ 0,03

KauecTBeHHbIE TIOKa3aTeIM 06PasoOB 06€3KUPEHHOIO CIy-
IIIeHHOTO MOJIOKA C CaXapoM, BhIPAGOTaHHbBIX NP Pa3IUUHBIX
pekuMax TerIoBoii 06paboTKM ChIPbS TI€PE[ CTYIeHneM, TIpu-
BemeHsl B Tabi. 1.
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AHanu3 IpuBeIeHHbIX JAHHbIX TIOKA3aJl, UTO 06e3K1peHHoe
CTyIIIeHHOE MOJIOKO C caxapoM 006JafiaeT MOBBIIIEHHO BSI3KO-
CTBIO B TOM CJIy4yae, KOTAa TeIIOBOe BO3LelCTBME Ha ChbIpbe, TO
ecTb cymMa (aKTOpOB (TeMIIEpPATYpa, BpeMsl) IIPEBBIIIAET OTIpe-
JleJIeHHbIVi YPOBEHb.

Tabmmia 1
JuHaMuKa nmokasareJeii
00€e3>XKMPEHHOTO0 CTYIIEHHOT0 MOJIOKA C cCaXapoM

Pe>xxum

Jo xpaHenuss  Ilocne xpaHeHus

 macrepusamm n-

°C t pu et MLy oor B3 e
1 75 15¢ 613 5,1 07 612 525 10 03 14
2 75 10mmm 612 515 08 610 551 1,1 03 14
3 75 30Mum 620 516 09 615 550 135 04 14
4 8  15¢ 614 480 15 612 490 30 15 2,0
5 8 10mum 611 520 1,6 608 530 37 21 23
6 8 30mum 608 500 2,5 603 57,5 62 37 25
7 95  15¢ 615 500 1,9 611 522 41 22 22

Temrepatypa 75 °C ¢ skcrio3unmeii ot 15 ¢ 7o 30 MuH He
TpMBeJa K OIIYyTMMOMY YBEeJIMUEHUIO BSI3KOCTM 06pa3ioB. Te-
IUI0BOI peskumM 95 °C ¢ srcros3uumeit 15 ¢ SBuiIcS mpuunHOi
yBenuueHus Bsiskoctu o 1,9 Ila-c. TerwoBoit pexkum 85 °C
B TeueHMe 30 MMH MIPUBEI K ellle 60IbIlIeMY YBeTUUeHUIO BSI3-
KocTu — 1o 2,5 ITa-c. 9TO BO3MOXKHO OOBSICHUTD ITPOIleCCaMu
IeHaTypaluu 6eaKa mpy TeIoBoi 06paboTke, MHTEHCUDUITN-
pyloIeicst OT IIUTeNIbHOCTM BO3/eiicTBUs. IIpoiiecc 06ycioB-
JIeH yBeJlMueHreM BOZOCBSI3bIBAIOIIEl BO3MOKHOCTHM 6esika 3a
CUeT 3a/1e/ICTBOBAHMS JOTIOTHUTETbHBIX TUAPO(MUIBHBIX IPYII-
MMMPOBOK.

XpaHeHMe 06pa3IoB B TepMocTaTe mpu Temieparype 40 °C
B TeueHMe 10 CYyTOK MPMBEJO K YBeTMUYEHMIO BSI3KOCTU BO BCEX
o6pasiax. OJHaKo pe3Kkoe yBelnueHe BI3KOCTY HabIoaI0Cch
B Tex 006pa3iax, B KOTOPBIX MPUMEHSIICSI YCUIIEHHBIN TeIIo-
BOIl pexkuMm racrepusauyuu. Tak Mpu BO3IECTBUM HA ChIpbe
TeIJIOBOTO peXXuma ¢ Temrepatypoit 85 °C B TeueHue 30 MUH
TIPMBEJIO K YBEJIMUEHUIO BSI3KOCTM 06pasi[OB TMOCIe XpaHeHUs
Ha 3,7 Tla-c; mpu pexkume 85°C B TeueHue 10 MMUH BSI3KOCTb
yBenuumiach B 2,1 pasa; pexkxumsl 95 °C B Teuenue 15 ¢ u 85°C
B TeueHMe 15 ¢ IBUIUCh MPUYMHOI YBEIMYEHUS BI3KOCTY B 2,2
u 2,0 pasza COOTBeTCTBEHHO. TeIJI0BO peskuM C TeMIepaTypoit
75°C B Teuenue 15 ¢, 10 muH 1 30 MMUH CII0COO6CTBOBAJ JUILb
HEe3HAUNUTEIbHOMY YBEJIMUYEHUIO BSI3KOCTM 06pasIioB IOCIEe
XpaHeHUs.

Ananus nsmeHeHus 3GPEKTUBHON NMHAMUUECKON BSI3KO-
¢t (n, ITa-c) 06pasioB B 3aBUCMMOCTU OT I'pajiMeHTa CIBUTA
(D,, ') nmokasan, 4To 06pasibl 06€3KUPEHHOTO CTYIeHHOTOo
MOJIOKA C CaxapoM [0 XpaHeHMs o6yiafanu He3HAUUTeNbHOI
CTPYKTYPHOJ BSI3KOCTHIO, 32 MCKJIIOUEHMEM 06pasiia ¢ pexu-
moMm mactepusauuu 75°C ¢ srcnosuimeit 10 MuH 1 obpasiia
¢ peskumoM mnactepusauyu 95 °C ¢ akcrosuumeii 15 c. OueBu-
HO, B JAHHBIX CJIydasix 06pa3oBaHMe CTPYKTYPhI B CBEXKEBBIPA-
60TaHHOM TIPOAYKTE C/Ie[yeT CBSI3bIBATh C KAUECTBOM ChIPHSI,
a He ¢ pexuMaMy TeIIoBoi 06paboTKu. B kauecTBe rpumepa,
Ha Puc.1 npencraBiieHbl JaHHBIE 110 GOPMUPOBAHUIO BI3KOCTU
B IIPOAYKTE C peskuMoM nactepusannu 85 °C mocie OKOHYaHUS
TeXHOJIOTMYECKOTO MPOoLiecca 1 Mocjie XpaHeHUSICOOTBETCTBEH-
HO. CeMeliCTBO KPUBBIX — BpeMs BbIAEPXKKM OT 1 MuH A0 30
MUH (UeM CBeT/iee JMHUS — TeM GOJIbIile TTPOJO/IKUTENbHOCTh
rnpotrecca).

[TosryyeHbl 3aKOHOMEPHOCTH TIOC/IE TEXHOIOTMYECKOTO IIPO-
1iecca 1 rnocie Xxpanenus (¢popmysna 1 1 2 COOTBETCTBEHHO).
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n, Nac

3.0
25

2.0-N

0.5

5.4 27, 48.6

B

Puc. 1. BI3KOCTh IMPOIYKTa B 3aBUCUMOCTY OT IrpajiieHTa casura (rmacrepusaims 85 °C):
A — mocsie 3aBeplleHus] TeEXHOIOTUM, B — mocie xpaHeHust

F,(x,t, T) = 1+ 0.09Vt +0.0005 ¢* + 0.06 VT + 0.002 T -
~0.0001T +0.7Vx — 0.07x + 0.0002 tx + 0.0001 Tx +

+0.0002x* - 0.2logt - 0.6logx, 1)
Fy(x,t, T) = ~8.7 - 0.9Vt - 0.01¢ + 0.004£* — 0.4\T +
+0.02T+0.0027% + 1.6Vx + 0.2x — 0.0004 tx — 0.004 Tx +
+0.0008x* + 0.5logt - 1.21ogx, 2)

rge t — Bpemsi, MuH; T — Temrneparypa, °C.

AHanmM3 KpUBBIX, XapaKTEPU3YIOLIMX MTOKasaTe 06pas3ioB
J10 XpaHeHUs], OTpakaeT pa3pylleHre CTPYKTYPbI IPOAYKTa B 3a-
BUCMMOCTY OT rpajiueHTa caura. Kpusble, MUTIOCTpUpPYIOLIE
3aBMUCUMOCTDb CTPYKTYPBI OT TpaiieHTa CABUTa B 06pasiiax roTo-
BOTO MPOJYKTA IOC/Ie XpaHeHUsI, OTpaXkaloT 3HAUMTe/IbHOe Ha-
pacTaHue CTPYKTYPHOIi BI3KOCTM BO BpeMs XpaHeHusl. B o6pas-
nax (Puc. 1 A) u (Puc. 1 B) HaG0omaeTcs He TOJIbKO MHTEHCUBHOE
o6pa3oBaHNe CTPYKTYPHOIT BI3KOCTh, HO U ee paspyIleHue Mof,

Introduction

One of the most important quality indicator of condensed
milk preserves with sugar is the viscosity. It, among other things,
predetermines the consumer value of the product, the methods
and the hardware-technological scheme of its production.
A sharp change (usually an increase) in the viscosity of fat-free
condensed milk with sugar during storage is the main reason
for the claims, made by processing enterprises, as well as the
containment of product sales to the population [1,2,3,4].

It is known, that the viscosity of condensed milk preserves
with sugar depends on many factors, including the mineral
composition and pH of dairy raw materials, the season of the
year, the regimes and terms of storage of the finished product,
the modes of heat treatment of raw materials in production, etc.
[5,6, 7]. If this is the case, if most of the factors are subjective,
then the heat treatment parameters are fairly objective and
suggest the possibility of developing result-oriented process
variants [8,9,10,11,12].

Accordingly, the purpose of this work was to investigate
the effect of heat treatment regimes for fat-free milk before
thickening on the viscosity of the finished product.

Materials and Methods

The object of the research was condensed skimmed milk
with sugar, for the production of which the “Mir-Prodmash”
laboratory equipment was used: a tubular pasteurization and
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BO37eliCTBYEM IrPaieHTa COBUTa N0 3HAaUeHMI TOPsiKa [IePBO-
HAYa/IbHBIX (IO XpaHEHUS).

BpiBOIbI
VccnenoBaHus BAMSHMSI Pa3/IMUYHBIX PEKMMOB TEIJIOBOI 00-
paboTKM 06e3KMPEHHOTO MOJIOKA TIEPe], CIyIleHEeM Ha U3MeHe-
HMe KaueCTBEHHBIX IoKa3aTeseli TOTOBOTrO MPOJIYKTa IOKasas:
1. PeskuMbl macrepusanyu rnpu temmeparype 85 °C B TeueHue
30 u 10 MUH CITOCOGCTBYIOT 3aryCTeBaHMIO 06€3KMPEHHOTO
CTYIIEHHOTO MOJIOKa C CaXapoM MpU XpaHeHUU U TTI03TOMY He
MOTYT GBITh PEKOMEHIOBAHBI JJIST TPOU3BOJICTBA.

2. Pesxumbl mactepusaiuu npu temmepatypax 95°C u 85°C
B Teuenme 15 ¢ v mpu 75 °C ¢ srcriosunussvu 15 ¢, 10 muH,
30 MMH B HaMMeHbIIIei CTereH! CII0COGCTBYIOT YBETMUEHIIO
BSI3KOCTU IIPOIYKTA IIPU XPaHEHUMN.

3. Anpuopu TemnepatypHbie pexkumbl 85°C u 95°C ¢ 3KcIo-

3uiyeit 15 ¢ K Tomy ke Haubosee GarOMPUSITHBI /IS MHA-
KTUBAIMM (epMEHTOB ¥ MOTYT ObITh PEKOMEHIOBAHbI IS
ITPOMBIIIJIEHHOTO TTPOU3BO/ICTBA MTPOIYKTOB.

cooling unit with a capacity of 45 kg/h, a laboratory evapora-
tor with a capacity of 5 kg/h of evaporated moisture, a vacuum
tank with a cooling jacket and agitator with a working volume
of 41, used to cool the finished product and crystallize. The raw
material was fat-free milk acidity 19-20 °T, with a mass frac-
tion of fat 0.05 %.

In the process of laboratory workings, the pasteurization
temperature was in the range (75-95) °C with a certain exposure
time (15 s, 10 and 30 min). The time of condensation was 45-
50 min, the temperature — (50-55) °C. The finished product was
cooled to a temperature of 20 °C for 30—35 minutes and kept in a
cooling bath for up to 1 hour. A lactose seed was added at a tem-
perature of (31 £ 2) °C. The cooled product was packed in metal
jars N2 7 and stored in a thermostat for 10 days at a temperature
of (40 % 2) °C, after which viscosity and other qualitative indices
were determined.

To determine the change in the quality characteristics of
samples of fat-free condensed milk with sugar after storage,
they were analyzed for the following parameters: mass fraction
of solids, acidity, pH, dynamic viscosity, organoleptic parameters
by conventional methods.

Results and Discussion

Below are presented the values of the indicators of the
produced fat-free condensed milk with sugar, which are within
the limits of the current standard.
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Mass fraction of solids, % 70.5+0.5
Mass fraction of sugar solids, % 44.6 0.6
Acidity, °T 50.0%£2.0
pH 6.16 £ 0.05
Density, g/cm® 1.34£0.03

Qualitative parameters of fat-free condensed milk with sugar
samples, worked out at various modes of heat treatment of raw
materials before thickening, are given in Table. 1.

Analysis of the presented data showed, that fat-free
condensed milk with sugar has an increased viscosity in the case,
when the thermal effect on the raw materials, that is, the sum of
the factors (temperature, time) exceeds a certain level.

Table 1
Dynamics of Indicators of Fat-Free
Condensed Milk with Sugar
Pastitll:;i;:tion Before Storage After Storage R
Ne Ho o
°C t pH o pl;l-’s pH o Pl.;z-,s Pa-s 1
1 75 15s 6.13 51.1 0.7 6.12 525 10 03 1.4
2 175 10 min 6.12 51.5 08 6.10 53.1 1.1 0.3 1.4
3 75 30min 620 516 09 615 550 13 04 1.4
4 85 15s 6.14 480 1.5 6.12 49.0 3.0 1.5 2.0
5 85 10 min 6.11 52.0 1.6 6.08 530 3.7 2.1 2.3
6 85 30min 6.08 50.0 2.5 6.03 575 6.2 3.7 2.5
7 95 15s 6.15 50.0 19 6.11 522 4.1 2.2 2.2

The temperature of 75 °C with an exposure of 15 s to 30 min
did not lead to a noticeable increase in the viscosity of the
samples. The thermal regime of 95 °C with an exposure of 15 s
caused the viscosity to increase to 1.9 Pa-s. The thermal regime
of 85°C for 30 min led to an even greater increase in viscosity,
up to 2.5 Pa-s. It can be explained by the processes of protein
denaturation during heat treatment, which is intensified by
the duration of the exposure. The process is due to an increase
in the water-binding capacity of the protein due to the use of
additional hydrophilic moieties.

Storage of samples in a thermostat at a temperature of
40°C for 10 days led to an increase in viscosity in all samples.
However, a sharp increase in viscosity was observed in those
samples in which the enhanced thermal pasteurization mode
was applied. So, when the thermal regime was applied to the
raw material at a temperature of 85°C for 30 minutes, the

D, c™!
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viscosity of the samples after storage increased by 3.7 Pa-s; at
a temperature of 85°C for 10 minutes the viscosity increased
2.1 times; modes of 95°C for 15 s and 85°C for 15 s caused
an increase in viscosity of 2.2 and 2.0 times, respectively. The
thermal mode with a temperature of 75 °C for 15 s, 10 min and
30 min contributed only to a slight increase in the viscosity of
the samples after storage.

Analysis of the change in the effective dynamic viscosity (n,
Pa-s) of the samples as a function of the gradient of shear (Dr,
s1) showed, that samples of fat-free condensed milk with sugar
before storage had insignificant structural viscosity, with the
exception of a sample with 75 °C pasteurization mode with an
exposure of 10 min and a sample with a pasteurization mode
of 95°C with an exposure of 15 s. Obviously, in these cases,
the formation of the structure in a freshly developed product
should be attributed to the quality of the raw materials, and
not to the heat treatment regimes. As an example, in Fig. 1 data
are presented on the formation of viscosity in a product with
a pasteurization regime of 85°C after the end of the process
and after storage, respectively. The family of curves is a holding
time of 1 min to 30 min (the lighter the line, the longer the
process is).

Regularities were obtained after the technological process
and after storage (formulas 1 and 2, respectively).

F,(x,t, T) = 1+0.09Vt +0.0005¢* + 0.06 VT + 0.002 T -
~0.00017% + 0.7Vx - 0.07x + 0.0002 tx + 0.0001 Tx +

+0.0002x* - 0.2logt - 0.6logx, (1)
F(x,t, T) = ~8.7 - 0.9Vt - 0.01¢ + 0.004£* —~ 0.4\T +

+0.02 T+ 0.002T% + 1.6Vx + 0.2x — 0.0004 tx — 0.004 Tx +
+0.0008x* + 0.5logt - 1.21ogx, 2)

where t — time, min; T — temperature, °C.

Analysis of the characterizing parameters of the samples
before storage structure reflects the destruction of the product,
depending onshearrate. The curves,illustrating the dependence
of the structure on the gradient of shear in the samples of the
finished product after storage reflect a significant increase in
structural viscosity during storage. In the samples (Fig. 1A) and
(Fig. 1B), not only intensive formation of structural viscosity
is observed, but also its destruction under the influence of a
gradient of shear to values of the order of the original (before
storage).

Conclucion

Studies of the effect of various modes of heat treatment of
fat-free milk before thickening on the change in the quality
indicators of the finished product showed:

n, Nac

3.0
25

2.0-N

0.5

5.4 27, 48.6
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Fig. 1. Viscosity of the Product in Dependence on the Gradient of Shear (Pasteurization 85 °C):
A — After the Completion of the Technology, B — After Storage
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Modes of pasteurization at a temperature of 85 °C for 30 and
10 minutes promote the thickening of fat-free condensed
milk with sugar during storage and therefore can not be rec-
ommended for production.

Modes of pasteurization at temperatures of 95°C and 85 °C
for 15 s and at 75 °C with exposures of 15 s, 10 min, 30 min in

FOOD SYSTEM | Volume1lNol | 2018

the least extent contribute to an increase in the viscosity of
the product during storage.

A priori temperature modes of 85°C and 95°C with an ex-
posure of 15 s are also most favorable for inactivation of en-
zymes and can be recommended for industrial production of
products.
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Opurunanbnan Hay4YHas CTaTbsl

VCCJIEJOBAHUE UHBEPTA3HOM AKTUBHOCTU
INPU N3MEHEHHNU ITAPAMETPOB ITPOLECCA
®EPMEHTAIIUN CAXAPO3OMUMHEPAJIbHOM CPEJIBI
NTUNOPOJJIN3ATA KPAXMAJIA MUKPOMUIETOM

ASPERGILLUS NIGER

IMpunuesa A.A.* Illaposa H.10., BeibopHoBa T.B.

Bcepoccuiickuit HayUHO-MCCIe[0BATENbCKMI MHCTUTYT MUIIEBBIX J06aBOK —

bunmnan ®epepanbHOro HAYYHOTO LEHTPA MUIEeBbIX cucTeM uM. B.M. Top6aToBa PAH, CaukT-IleTep6ypr, Poccust

K/ITFOYEBDBIE CJIOBA:
JIUMOHHASA KUCI0mMa, npooyyeHm,
Aspergillus niger, uHeepmasHas
akmueHocmb, 2udpoausam,
Kpaxma.

AHHOTALMA

B pesynbrare 1CCIeL0BAHMIT YCTAHOBIEHO, UTO IITAMMBI MUKpoMuLieTa Aspergillus niger JI-4 u B-3 — npozyues-
ThI JIUMOHHOM KUCJIOTHI MOTYT CMHTE3MPOBATh I'MIPOIUTUYECKNE (ePMEHTHI C MHBEPTA3HO aKTMBHOCTBIO NP
[IYyGMHHOM CII0co6e KyJIbTUBMPOBAHMS Ha CAXapO30MMHEPANIbHOI CpeJie U cpeJie, Ha OCHOBE IMIPoIn3aTa Kpax-
masia. Hanboree mperiouTUTeIbHBIMY PEXMMaMM BeAeHMsT 6110TEXHOIOTUYECKOTO IPOIIecca SBJISIOTCS : BO3PacT
MOCEBHOTO MUIleaust — 24 4, Temmeparypa hepmMeHTaLmu AJIs1 caxapo30MUHEpabHO cpeibl — 32 °C v OJist Th-
nponusata kpaxmana — 29 °C.

Ina mramma Mukpomuueta Aspergillus niger JI-4 srcTpane/UTIONspHasl MHBepPTa3Hasi aKTMBHOCTh Ha 120 u
O6MOTEXHOJIOTMYECKOTO Ipolecca B pesynbrare (epMeHTalUMM Caxapo30MUHEPaJbHON Cpelbl COCTaBJISIIA
(0,847 £ 0,068) en/cmM® HATMBHOTO pacTBOpa, a Ajist mramma B-3 — (0,966 + 0,077) en/cM3 HATUBHOTO pacTBOpa
COOTBETCTBEHHO.

IIpu pepmeHTAIM CpeMIbI, HA OCHOBE TMAPOIM3ATA KpaxMala, SKCTpale/UTIoISIpHAst MHBepTa3Hasi aKTMBHOCTh
nist mrramma JI-4 cocrasmsina (1,379 £ 0,097) en/cm® HATMBHOTO pacTBOPA, a A7l mrramma B-3 — (1,597 £ 0,144) en/
cM® HaTMBHOTO pacTBOpa COOTBETCTBEHHO.

[lItammbl rpmba Aspergillus niger JI-4 w B-3 nipu Ky/JIbTMBMPOBAHMM Ha caxapo30MMHEPaIbHOI cpefe U cpefe,
Ha OCHOBE IMIPOIM3aTa KpaxmMaia, 06/1aaioT ClIOCOGHOCTHIO CMHTE3UPOBATh (DEPMEHTDI C MHBEPTA3HO aKTUB-
HOCTbIO, IIPUUEM MHBEPTAa3Hasi aKTUBHOCTH IITaMMa B-3 B KOHIIle Tipoliecca Bbilie. [loiydyeHHbIe JaHHbIE MOTYT
ObITh MIPYMEHEHbI B JAJIbHEMIINX VCCTeOBAHMSX IJIs1 Pa3pabOTKM TEXHOIOTUM TOTyYeHMSI IMMOHHO KMCIOTBI
Y MHBEPTAa3bl B OTHOM OMOTEXHOJIOTMYEeCKOM ITpolecce.

Original scientific paper

RESEARCH OF INVERTASE ACTIVITY WHEN CHANGING
THE PARAMETERS OF THE FERMENTATION PROCESS
SUGAR-MINERAL MEDIUM AND HYDROLYSATE
OF STARCH BY THE MICROMYCETE ASPERGILLUS NIGER

Anastasia A. Printseva* Natalya Yu. Sharova, Tatyana V. Vybornova

All-Russian Research Institute for Food Additives —

Branch of V.M. Gorbatov Federal Research Center for Food Systems of RAS, St. Petersburg, Russia

KEY WORDS:

citric acid, producer,
Aspergillus niger, invertase
activity, hydrolysate, starch.

ABSTRACT

The studies found that strains of micromycete Aspergillus niger L-4 and B-3, producers of citric acid, can synthe-
size hydrolytic enzymes with invertase activity with a deep cultivation method on a sugar-mineral medium and
medium based on starch hydrolysate. The most preferred regimes for conducting the biotechnological process are:
the age of the inoculated mycelium is 24 h, the fermentation temperature for the sugar-mineral medium is 32 °C
and for starch hydrolysate is 29 °C.

For the Aspergillus niger strain L-4, the extracellular invertase activity for 120 h of the biotechnological process as
a result of the fermentation of the sugar-mineral medium was (0,847 * 0,068) u/cm? of the native solution, and for
strain B-3 — (0,966 * 0,077) u/cm?® of the native solution, respectively.

During fermentation of the medium, based on starch hydrolysate, extracellular invertase activity for strain
L-4 was (1,379 £ 0,097) u/cm® of native solution, and for strain B-3 — (1,597 * 0,144) u/cm?® of native solution,
respectively.

The strains of the fungus Aspergillus niger L-4 and B-3 when cultivated on a sugar-mineral medium and me-
dium, based on starch hydrolysate, have the ability to synthesize enzymes with invertase activity, the invertase
activity of strain B-3 at the end of the process higher. The obtained data can be applied in further researches to
develop a technology for the production of citric acid and invertase in one biotechnological process.

O UUTUPOBAHUS: Tpunuesa A.A., Illaposa H.IO., Bribopuosa T.B. Uc- FOR CITATION: Printseva A.A., Sharova N.Yu., Vybornova T.V. Research of
C/leoBaHNMe VHBEPTA3HOV AaKTMBHOCTM IPU M3MEHEHMM [apamMeTpoB IIpO- invertase activity when changing the parameters of the fermentation process
mecca QepMeHTaNMM CaxapoO30MMHEPAIbHOI Cpeabl M IMAPOIM3aTa Kpaxma- sugar-mineral medium and hydrolysate of starch by the micromycete Aspergil-
ma MuKkpommuetrom Aspergillus niger. ITuwjegsie cucmemst. 2018;1(1): 19-23. lus niger. Food systems. 2018;1(1): 19-23. (In Russ). DOI:10.21323/2618-9771-

DOI:10.21323/2618-9771-2018-1-1-19-23 2018-1-1-19-23
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BBepmeHnue

Ha oTeuecTBEHHOM pPbIHKE MUIEBBIX MUKPOUHTPEAVNEHTOB
OIIYIAeTCS HEJJOCTATOK Psifia MUIIEBBIX JOOABOK M TEXHOJIOT M-
YyeCKMX BCIIOMOraTeabHbIX CpeACTB. boJblIoi MHTEpeC mpef-
CTaBJISIOT (hepMEHTBI, KOTOPbIE KATATU3UPYIOT MPOIECC TUIPO-
JIM3a yIiaeBomoB B Kuciaoi cpepe. K takomy tumy ¢gepmMeHTOB
OTHOCUTCSI MHBepTasa (CMHOHMMBI: B-dpykTodypaHo3ugasa,
caxapa3sa; kinacc rugponas (K& 3.2.1.26)). OHa kataansupyer
ruaponns B-D-dbpykrodypaHO3MI0B, B TOM YMCIEe CaXapo3bl,
Ha D-GbpyKTO3y U ITIOKO3Y. ITOT PepMeHT MPUMEHSIOT B pa3-
HBIX 00/1aCTSIX MUIEBOI MPOMbBIIUIEHHOCTU. B KOHAUTEPCKOM
MTPOM3BOJICTBE €€ MCIOJIb3YIOT AJIsI CO30aHMsI OTIMBHBIX U KPY-
IJIBIX TTIOMaJHBIX KOPIYCOB KOH(DeT, KuaKMx (GpyKTOBBIX Ha-
YMHOK. B KOHAUTEPCKMUX MU3OENUSIX MHBEPTa3a CIOCOGCTBYET
MpefoTBPalleHNI0 KPUCTAIIMU3ALUM CaXapoB, 3aMeJeHUI0
rpoiiecca 6POKeHMsT TIPU MUCIOAb30BAHMM BBICOKMX KOHIIEH-
Tpauuii caxapa, CTabMAM3aAUUM KOHCUCTEHIIMU, YCUJIEHUIO
BKYCOBBIX KauecTB, IPOMJIEHMI0O CPOKOB XpaHEHUSI TOTOBOW
nponykuuu [1,2]. OHa Heo6XomuMa MpPY MPUTOTOBJIEHUU UH-
BEPTHBIX CUPOIIOB B JIMKEPO-BOJOYHON U B 6e3aJIKOTOIbHOI
MIPOMBIIIZIEHHOCTY. DepMEHT TakKe MOXKEeT BBITIOIHSITh POJIb
AHTUKPUCTA/UIM3ATOPA TPU M3TOTOBJIEHUM CIYIIEHHOTO MO-
JIOKA, TJIOA0BO-SITOAHBIX MOPCOB, COKOB, 9KCTPAKTOB, MCKYCCT-
BEHHOI'O MeJia ¥ BapeHbs [3].

B Poccun nHBepTasa He MpOU3BOAUTCS. POCCUMITICKIMIT PBIHOK
3aKyIiaeT 3HAUUTETbHOE KOJMMYECTBO JAaHHOTO (hepMeHTa 32 py-
6eskoM. COIIacHO JIMTEePATYPHBIM MCTOUHMKAM, 32 PYOEXKOM IIs
TTOJTyYeHMST TTPOMBILIUIEHHBIX MPErapaToB MHBEPTA3bl UCIOIb-
3YIOT HITAMMbI JPOXKKei, acrepruiioB M eHUIUUIOB [4,5,6].
VI3BeCTHBIN 3amaTeHTOBAHHbIN CITOCO6 MOMYYeHNSI MHBEPTHOTO
caxapa B Poccuu 3akimogaeTcs B aBTOIUTUYECKON eCTPYKIUU
IPOXcKeit, 06/IafaoIMX MHBEPTAa3HOM aKTUBHOCTBIO [7]. TakuM
06pa3oM, MOKHO CIeJIaTh BbIBOJI, UTO Pa3BUTHME MHBIX CIIOCO60B
TOJTyYeHMsI MHBePTa3bl, B TOM YMcJIe C UCIO0NIb30BaHMEM MUKPO-
muuera Aspergillus niger — TpogylieHTa JMMOHHOM KMUCIOTBI,
TO3BOJIUT PACIIMPUTh BO3MOKHOCTU OTeUeCTBEHHBIX TPOM3BO-
nuTesne.

[ItamMmMbl MUKpoMUIleTa Aspergillus niger SIBASIIOTCS TIPO-
IyIIeHTaMM pa3andyHbIX (epmeHTOB. Tak, CeleKIMOHMPOBAaH-
Hble B BcepoccmiickoMm HayYHO-MCCIeL0BATENbCKOM UHCTUTYTE
muIneBbIX H06aBok (PI'BHY BHUUII) mtaMMbl Hapsmy C OC-
HOBHBIM 11€JIEBbIM ITPOJYKTOM — JIMMOHHO KMUIOTON MPOAY-
LIMUPYIOT aMUIONIUTHYECKMe (epMeHThI, TIIOKOHOBYIO KUCIIOTY,
YTO MO3BOJISIET PACCMATPUBATh UX B KAUECTBE TMEPCIEKTUBHbIX
MPOAYIIEHTOB [IJIS CO3HaHMsI TEXHOJIOT I MPeayCcMaTPUBaIOLIMUX
MoJTy4yeHye B OJHOM TeXHOJIOTMYeCKOM IIpoiiecce He OHOrO Iie-
JIEBOTO MPOAYKTA, a IBYX 1 6oJee, TO eCTh pa3pabaThIiBaTh «COB-
MellleHHbIe» TeXHOJIOT VM.

g pacmvpeHus ChIpbeBOi 6a3bl IJIT CUMHTE3a TUIIEBbIX
MMUKPOMHTPEIVIEHTOB HEOOXOMMMBIM ITOMCK HOBBIX BUJIOB ChI-
pbst. ITocTerieHHO Bce GoJiblliee IPUMMEHEHMe B IUIIEBOI 610-
TeXHOJIOTMYM HaXOAUT Kpaxmajicopepykauiee ceipbe [8]. Cnenyer
paccMOTpeTh MpUMeHeHMe TUAPOoAn3aTa KyKypy3HOro Kpaxma-
na. [IpyMeHeHMe TaKoTO ChIPbSI /IS TTOJIyUYE€HUST B OIHOM 61O0-
TEXHOJIOTMYECKOM IIpOolecce IMUIIEBbIX KUCIOT M MHBEPTa3bl
TpeJCTaB/sieT HayYHbIi U IIPAKTUYECKUI MHTepec.

CylecTBeHHOE BJIMSIHME HA XOJ, KyJIbTUBUPOBAHUS U OMO-
cuHTe3 (epMEeHTOB OKas3bIBAIOT TaKye IapamMeTpbl Ipolecca
KaK BO3pacT MMOCEBHOTO MUIIENMS M TemIeparypa (GepMeH-
Taun.

Llenpio maHHOV paGOThl SIBJSETCS MCCAeAOBaHMe MHBEp-
Ta3HOM aKTUBHOCTU MPU M3MeHeHMUM MapaMeTpoB Mpoliecca
dbepmeHTaIVIM Ccaxapo30MMHEPATbHOM Cpeabl U TUAPOIMU3a-
Ta KpaxMaja mraMMamMu Mukpomuiieta Aspergillus niger JI-4
u B-3.

20

FOOD SYSTEM | Volume 1l Nol | 2018

MaTrepuasibl U METO/IbI

O6GBEKTOM MCC/IeNOBAaHMS SIBJISUIUCH IITAMMbI-KUCIOTOO-
6pasoBatenu Mukpomuiera Aspergillus niger JI-4 u B-3, cenek-
uyMoHupoBanHble B BHUUIIM, mis depMeHTaluyM yIIIeBOJHOIO
CBIPbS B IMMOHHYIO Kucinory [9,10].

depMeHTalNIO TIPOBOIM/IN B YCIOBUSIX IIeiikepa-MHKy6aTo-
pa Multitron (INFORS, llIBejiijapusi) B Ka4aJOYHBIX KOJIO6ax BMe-
CTUMOCTBIO 750 ¢cM® IepMOgMUecKUM CII0COG0M TI0 TEXHOJIOTMUM
KOHIIeHTPMPOBAHHBIX cpef, Npu temneparype (36 1) °C — Ha
CTaguy TIONyYEHMS] TIOCEBHOTO MUIEINS, MPU TeMIlepaType
(32%1)°C — Ha craguu pepmenTaryu [11].

Il MccieqoBaHMil B KauecTBe YIJIEBOSHOTO CyOGCcTpaTa Mc-
nonb3oBan caxap kpucramnmueckuii (TOCT 21-94) u kykypys-
sbii kKpaxmas (TOCT 32159-2013). I'maponns kpaxmasia mpoBo-
WV B COOTBETCTBMM C [12]. ICTOYHMKOM a30Ta SIBJISIIICS HUTPAT
ammonus (TOCT 22867-77).

CocraB cpenpl 11 hepmeHTAINH, I/OM®: YITIEBOIHBIN CyO-
crpat — 150; Hutpar ammonus (NH\NO,) — 2,5; cynbdaT mar-
HMs ceMuBOnHbIA (MgSO,-7H,0) — 0,25; docdar xamms opHO-
samemenHbiii (KH,PO,) — 0,16; pH 6,5 ex.

[Toce okoHUYaHMs hepMeHTalNK 61MoMaccy rpuba OToeNsIoT
Ha BOpoHKe BroxHepa 1 B pepMEeHTMPOBAHHOM pacTBOpE OIpe-
JIeJISTIOT SKCTPaLle/ITIONSIPHYI0O MHBEPTa3HYI0 aKTUBHOCTD.

VHBepTasHyl0 aKTUBHOCTb OIpEeNessiM KOJopUMeTpude-
CKUM MeTonoMm [13].

Pe3ysbTaThl U 00CYKAEHME

B paHee mpoBeIeHHBIX UCCIEIOBAHUSIX ObIJIO OGHAPYKEHO,
4UTO MHBEPTAa3a HAaKaIUIMBaeTCsI B MULLeIUN (MHTPALeTIoNsIP-
Hasl MHBepTa3Hasl akTMBHOCTD) Ha MEePBBIX CTAAUSIX PA3BUTUSI
rpuba Aspergillus niger B-3 mpu KyJbTUBMPOBAHUM Ha Cpelie,
cozepkalieil caxaposy U IPOLYKTHI ee ruaponusa [14]. Takoit
MHOTOKOMITOHEHTHBII Cy6CTpaT, Kak TMAPOAM3AT Kpaxmasa,
CONEPXXUT B CBOEM COCTaBe MPOIAYKT TMAPOIN3a Caxapo3bl —
[JIIOKO3Y.

Ilo nuTepaTypHBIM AAHHBIM, MHBEpTa3a 3KCKPETUPYETCS
B cpeay (9KCTpale/UTIoNsIpHAsl MHBepTa3Has aKTUBHOCTB) [15].

PesynbTaTel BAMSHMS BO3pacTa MOCEBHOTO MULIENUSI U T€M-
repatypbl pepmMeHTa MK caxapo30MUHEPATBHO CPeIbl U Cpe-
JIbI Ha OCHOBe TMApoiu3aTa KpaxmMaiia Ha SKCTpaLe/UIIoSPHYIO
MHBEPTAa3HYI0 aKTMBHOCTb B KOHIIEe IIpolecca MpencTaBlIeHbl
B Tabs. 1 v Ta6n. 2.

Ta6nmuua 1
ITokasaTenu nponecca 6MOCHHTE3a MHBEPTa3bl
pU KyJIbTUBUPOBaHUY mMITaMMOB Aspergillus niger JI-4
u B-3 Ha caxapo3oMuHepaabHOIi cpene
(B KOHIIe Impo1iecca)

BKCTpaI.leJUIIOJI}IpHaH MHBEpPTa3HaA

ngg:g:(c;o q?:’;“;:}f::]i’g; aKTUBHOCTb, eJl/cM®
mMuuenms, 4 °C Iramm JI-4 IIrTamm B-3
29 0,705 0,811
24 32 0,847 0,966
34 0,616 0,715
29 0,607 0,704
26 32 0,641 0,731
34 0,432 0,497
29 0,505 0,586
48 k9 0,644 0,747
34 0,483 0,560
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Tab6nuia 2
ITokasaTenu mpoiecca 6MOCHMHTE3a MHBEPTAa3bI
IpY KyJIbTUBMPOBAHUY IITAMMOB Aspergillus niger
JI-4 n B-3 Ha cpepne, cogepkaliei IrMaponn3aTr
KYKYpPYy3HOIo KpaxmMasia (B KOHIIe Ipolecca)

JKCTpaLe/UTIosApHas MHBepTa3Has

ngg:s:f):o q'};’e;“l::}l:::zgi’ AKTUBHOCTb, €I/CM®
MuULenns, 4 °C IlItamm JI-4 IItamm B-3
29 1,379 1,597
24 32 1,233 1,430
34 1,201 1,393
29 1,215 1,409
36 3 1,127 1,307
34 1,156 1,341
29 1,159 1,344
48 32 1,136 1,318
34 1,070 1,296
BpiBOIbI

B pe3yinbTaTe IMPOBEOAEHHDBIX MccaeoBaHMit YCTaHOBJIEHO,
uTo Hamubonee MpearnouYTUTEIbHbBIMU PEeXXMMaMI BeOeHUs 6110-

Introduction

In the domestic market of food micro-ingredients there is
a lack of a number of food additives and technological aids. Of
great interest are enzymes that catalyze the hydrolysis of car-
bohydrates in an acidic environment. To this type of enzyme
is invertase (synonyms: B-fructofuranosidase, sugarase, hy-
drolase class (CF 3.2.1.26)). It catalyzes the hydrolysis of B-D-
fructofuranosides, including sucrose, to D-fructose and glu-
cose. This enzyme is used in various areas of the food industry.
In confectionery production it is used to create cast and round
fondant candy shells, liquid fruit fillings. In confectionery
products invertase helps to prevent the crystallization of sug-
ars, slowing down the fermentation process when using high
sugar concentrations, stabilizing the consistency, enhancing
taste, prolonging the shelf life of finished products [1,2]. It is
necessary in the preparation of invert syrups in alcoholic bev-
erages and in the non-alcohol industry. The enzyme can also
serve as an anti-crystallizer in the production of condensed
milk, fruit and berry fruit drinks, juices, extracts, artificial hon-
ey and jam [3].

Invertase is not produced in Russia. The Russian market
buys a significant amount of this enzyme abroad. According to
literature sources, strains of yeast, aspergillus and penicillium
are used abroad to obtain industrial preparations of invertase
[4,5,6]. A well-known patented method of producing invert sug-
ar in Russia is the autolytic destruction of yeast with invertase
activity [7]. Thus, it can be concluded that the development of
other methods of invertase production, including using micro-
mycete Aspergillus niger — a producer of citric acid, will expand
the capabilities of domestic producers.

Strains of micromycete Aspergillus niger are producers of
various enzymes. Thus, strains selected along with the main tar-
get product — citric acid, produced at the All-Russian Scientific
Research Institute of Food Additives (FGBNU VNIIPD), produce
amylolytic enzymes, gluconic acid, which allows them to be con-
sidered as promising producers for the creation of technologies
that provide in one technological process more than one of the
target product, but two or more, that is, to develop “combined”
technologies.
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TEXHOJIOTMYECKOTO IMPoliecca SIBSIIOTCS [TapaMeTpbl, TpUBeleH-
Hble B Tabm. 3.
Ta6muua 3
HauGoJiee peqnouTUTe/IbHBIE PEKUMbI BeJeHUS
6GMOTEXHOIOTMYECKOTO MPoIecca AJisi IITAMMOB
Aspergillus niger JI-4 v B-3

HaumeHoOBaHMe MUTATEIbHO Cpebl

HaumeHoBaHue
ImokKasareiast caxaposo- Ha OCHOBEe r'apo-
MHMHepaJbHasi  JiM3arTa Kpaxmasia
Bo3pact rnoceBHOTo Mutienus, 4 24+%1 24+1
Temmnepatypa dbepmeHTanuu, °C 32%1 29+1

Ha ocHOBaHMM pe3y/bTaTOB MPOBEAEHHBIX MCCIeL0BaHUNI
MOXXHO C[leflaTh BBIBOZ O TOM, YTO caxap KPUCTaIINIeCKuii
Y TUAPONM3AT KYKYPYy3HOTO Kpaxmaia SIBJISIIOTCS ITepCrieKTUB-
HBIM ChIpbeM ISl POLYKTUBHOTO 6MOCHHTE3a MHBEPTA3bI.

Takum 06pa3oM, MCIONb3YsI TOTEHIMA OHOTO IIPOAYILIeHTa
JIMMOHHOJ KUCIOThI — MUKpoMuiieTa Aspergillus niger, MOXXHO
MOTy4YaTh CPasy ABa MPOAYKTa MUKPOOMOIOTMYECKOTO CUHTEe3a
¥ TMMOHHYIO KUCIOTY U MHBEPTa3y B OLHOM OMOTeXHOIOrnye-
CKOM Tpotiecce. Takast TEXHOIOTMSI TTIO3BOJIAT PEIIUATD ITPOGIeMy
MIPOM3BOACTBA OTE€UECTBEHHBIX (ePMEHTOB M CHMU3UT ITIOCTABKA
13-3a pyoeska.

To expand the raw material base for the synthesis of food
micro-ingredients, it is necessary to search for new types of raw
materials. Gradually, starch-containing raw materials are find-
ing increasing use in food biotechnology [8]. The use of corn
starch hydrolyzate should be considered. The use of such raw
materials for the production of food acids and invertase in one
biotechnological process is of scientific and practical interest.

A significant influence on the course of cultivation and bio-
synthesis of enzymes is provided by such parameters of the
process as the age of the seed mycelium and the temperature of
fermentation.

The aim of this work is to investigate the invertase activity
when the parameters of the fermentation process of the sugar-
mineral medium and starch hydrolysate by Aspergillus niger L-4
and B-3 micromycete strains are changed.

Materials and Methods

The object of the study was acid-forming strains of Aspergil-
lus niger micromycete L-4 and B-3, selected at VNIIPD for the
fermentation of carbohydrate raw materials into citric acid [9, 10].

The fermentation was carried out under the conditions of the
Multitron shaker-incubator (INFORS, Switzerland) in 750 cm3
shaking flasks in a batch process using concentrated media tech-
nology at a temperature of (36 = 1) °C — at the stage of obtaining
a seed mycelium, at a temperature of (32 = 1) °C — at the fermen-
tation stage [11].

For research as a carbohydrate substrate, crystalline sugar
(GOST 21-94) and corn starch (GOST 32159-2013) were used.
The hydrolysis of starch was carried out in accordance with [12].
The source of nitrogen was ammonium nitrate (GOST 22867-77).

Composition of the medium for fermentation, g/dm?: carbo-
hydrate substrate — 150; ammonium nitrate (NH,NO,) — 2,5;
magnesium sulfate seven-fold (MgSO,-7H,0) — 0,25; potassium
phosphate monosubstituted (KH,PO,) — 0,16; pH 6,5 u.

After the fermentation is complete, the fungus biomass is
separated on a Buchner funnel and extracellular invertase activ-
ity is determined in a fermented solution.

Invertase activity was determined by the colorimetric meth-
od [13].
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Table 1
Indices of the process of invertase biosynthesis in the
cultivation of strains of Aspergillus niger L-4 and B-3
on a sugar-mineral medium (at the end of the process)

Extracellular invertase activity,

Age u/cm?

of a seed
mycelium, h

Fermentation
temperature, °C

Strain L-4 Strain B-3
29 0,705 0,811
24 32 0,847 0,966
34 0,616 0,715
29 0,607 0,704
36 32 0,641 0,731
34 0,432 0,497
29 0,505 0,586
48 32 0,644 0,747
34 0,483 0,560
Table 2

Indices of the process of invertase biosynthesis
in the cultivation of strains of Aspergillus niger L-4 and
B-3 on a medium containing corn starch hydrolysate
(at the end of the process)

Age Extracellular invertase activity,
Fermentation u/cm?

of a seed temperature, °C

mycelium, h

Strain L-4 Strain B-3
29 1,379 1,597
24 32 1,233 1,430
34 1,201 1,393
29 1,215 1,409
36 32 1,127 1,307
34 1,156 1,341
29 1,159 1,344
48 32 1,136 1,318
34 1,070 1,296
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Results and Discussion

In previous studies, it was found that invertase accumu-
lates in the mycelium (intracellular invertase activity) in the
early stages of fungus Aspergillus niger B-3 cultivation on a
medium containing sucrose and its hydrolysis products [14].
Such a multi-component substrate, such as starch hydrolysate,
contains in its composition the product of sucrose hydrolysis-
glucose.

According to the literature, invertase is excreted into the me-
dium (extracellular invertase activity) [15].

The results of the effect of the age of the seed mycelium and
the fermentation temperature of the sugar-mineral medium and
medium based on starch hydrolysate on extracellular invertase
activity at the end of the process are presented in Tables 1 and 2.

Conclucion
As a result of the conducted studies it was established that
the most preferable modes of conducting the biotechnological
process are the parameters given in Table 3.
Table 3
The most preferable modes of conducting
the biotechnological process for strains
of Aspergillus niger L-4 and B-3

Name of the nutrient medium

Indicator name . on the basis
sugar-mineral of starch
hydrolysate
Age of a seed mycelium, h 24 %1 24 %1
Fermentation temperature, °C 32+1 29+1

Based on the results of the studies, it can be concluded that
the crystalline sugar and the hydrolysate of corn starch are
promising raw materials for the productive biosynthesis of in-
vertase.

Thus, using the potential of one producer of citric acid — mi-
cromycete Aspergillus niger, it is possible to obtain at once two
products of microbiological synthesis and citric acid and inver-
tase in one biotechnological process. This technology will solve
the problem of the production of domestic enzymes and reduce
the supply from abroad.
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PA3PABOTKA TEXHO/IOTMYECKUX ITAPAMETPOB
ABYXCTAANUNHOTIO CIIOCOBA ITOAT'OTOBKH
CYHIEHOI'O TOIIMHAMBYPA K IJUCTUIJIALU NN

Kpukynosa JI.H.*, O6onmeeBa O.H., 3axapoB M.A., JauuisH A.B.

Bcepoccuiickuit HaydHO-MCCIeI0BATEIbCKMIT MHCTUTYT MMBOBAPEHHO, 6€3aJIKOr0/bHO M BUHO/IEb4YeCKO TPOMBIIIIEHHOCTY —
bunman degepasbHOTO HAYUHOTO I[EHTPA MUIIEBBIX cucTeM M. B.M. Top6aTtoBa PAH, MockBa, Poccust

KJIDYEBKBIE CJIOBA:
monuHamoyp, GuoXumMuUeckui
cocmas, cycno, cOpoxceHHoe Cycio,
pacet Opoxcxcet,

Jlemyuue KOMNOHeHMbl.

AHHOTALUA

Tt TPOM3BOACTBA JUCTW/UISITOB U3 TONMHAMOYPa 060CHOBAHbI TEXHMKO-IKOHOMMYECKYIE ITPEMMYIECTBA UCIIONb-
30BaHMsI CYILIEHOTO ChIPhsSI [0 CPABHEHMIO C TIEPePabOTKOII CBEXKUX KITYOHEl, 3aKTI0UAIONINecs B CTAOMIN3aNN OU-
OXVIMIYECKOTO COCTaBa ChIPbSI M MOBBILIEHNY €I'0 MUKPOOMONIOTMYECKIX XapaKTePUCTHK, VICKITIOYeHVV CE30HHOCTH,
YIIPOIEHNM TEXHOTIOTMUYECKOro mpotecca. ViccnenoBan (pakumoHHBI cocTaB GPyKTO30ConepKaIUX YITIEBOLOB
CBIPbSI U TTOKA3aHO, UTO B [TPOLIecce MOMyYeHs CYLIeHOTO TOIMMHAMOYpa MIPOMCXOONUT AeTIOIMMepU3aLs OCHOBHBIX
YITIEBOZOB ChIPBSI 1, KAK C/I€ICTBME, TOBBIIAETCS CTETIeHb MX JOCTYITHOCTH K hepMeHTaTMBHOMY ruapoin3y. Comep-
SKaHVe CBOGOIHBIX PemyLMpyonmx caxapos (dpakiys @I) BospacTtaeT B 3-5 pa3, HU3KOMOIEKY/ISIPHBIX hpaKiys
uHymmHa (Gpaxuys @II) B 1,5 pasa. [IpoaHann3upoBaH 6eIKOBbIV KOMIUIEKC CYILIEHOTO TOMMHAaMOYpa M YCTaHOBIIe-
HO, YTO OCHOBHBIMM (Dpakiysivy GeJTKOB SIBIISTIOTCST atbOyMuHbI (58,2—-61,5% OT 06111ero 6€JIKOBOTo a30Ta), B ChIpbe
He 0GHapy>KeHbI IIPOJIAMMHBI ¥ IIIOTeMHBL. OnpeneneHsl GakToOpsl, BIVSIONE Ha TEXHOIOTMUYECKIe TapaMeTphbl
JBYXCTaIMITHOTO CI10Cc06a MOATOTOBKM CYIIEHOTO TOMMHAMOYpa K AUCTIMIISILMY. Ha mepBoMm 3tarne, mpy Momy4eHnmn
0caxapeHHOro Cyc/ia YCTaHOBJIEHbI ruapoMonyiib (1+4,5), Hopma 3agaun MUKpOOHOIE MHYyMMHa3el (3,0-4,5 ex. H/r
MHY/IMHA CBIPbST), JUIUTENbHOCTh (hepMeHTaTMBHOM 06paboTku (3 yaca npu Temmneparype 52+2°C). Ha ocHOBaHMM
U3ydeHys IHaMMKy Bbineerns CO,, OlleHKY KperocTy COPOKeHHOr0 Cyc/la M OnpeieieHysl B HeM JIeTY4/X KOMIIO-
HEHTOB PEKOMEHJOBAaHO MTPMMEHEeHMe CyXUX CITMPTOBBIX Iposkskeit Fermiol B komuectse 100 mr/100 r cyca, mpoBe-
JleHue Tpoliecca mpu temiieparype 28-30°C, IUTebHOCTb COpakMBaHus — 72 yaca. [Toka3aHo, UTO TIOAKUCIEHNE
Cpezbl Ha CTagyM IoyyeHus cycia 1o pH 4,5 mo3BosisieT CHU3UTD B COPOSKEHHOM CyC/Ie COfepyKaHye MeTaHoIa.

The original scientific article

DEVELOPMENT OF TECHNOLOGICAL PARAMETERS
OF THE TWO-STAGE METHOD OF DRIED JERUSALEM
ARTICHOKE PREPARATION FOR DISTILLATION

Ludmila N. Krikunova*, Olga N. Obodeeva, Maxim A. Zakharov, Armen V. Danilyan

All-Russian Scientific Research Institute of the Brewing, Non-Alcoholic and Wine Industry —
Branch of the V.M. Gorbatov Federal Scientific Center of Food Systems of RAS, Moscow, Russia

KEY WORDS:
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composition, wort, fermented wort,
yeast races, volatiles.

1. BBegenue

ABSTRACT

For the production of distillates from Jerusalem artichoke, the technical and economic advantages of using dried
raw materials are substantiated in comparison with the processing of fresh tubers, consisting in stabilizing the
biochemical composition of raw materials and increasing its microbiological characteristics, eliminating season-
ality, simplifying the technological process. The fractional composition of fructose containing carbohydrates of
raw materials was studied and it was shown that in the process of obtaining dried Jerusalem artichoke, the main
carbohydrates of raw materials depolymerize and, as a result, their accessibility to enzymatic hydrolysis is in-
creased. The content of free reducing sugars (fraction FI) increases by 3-5 times, low molecular weight fraction
of inulin (fraction FII) by 1.5 times. The albumin complex of dried Jerusalem artichoke is analyzed and it is es-
tablished that the main protein fractions are albumins (58.2-61.5% of total protein nitrogen), prolamines and
glutelins are not found in the raw material. The factors influencing the technological parameters of the two-stage
method for preparing dried artichoke for distillation are determined. At the first stage, when obtaining the sugared
wort, a hydromodule (1 + 4.5) was installed, the norm of the microbial inulinase task (3.0-4.5 units IN/g inulin of
the raw material), the duration of the enzymatic treatment (3 hours at a temperature of 52 * 2 °C). Based on the
study of the dynamics of CO, emissions, the evaluation of the strength of fermented wort and the determination
of volatile components in it, it is recommended to use dry alcoholic yeast Fermiol in the amount of 100 mg/ 100 g
of wort, the process at a temperature of 28-30 °C, the fermentation time is 72 hours. It is shown that acidification
of the medium in the wort preparation stage to pH 4.5 allows to reduce methanol content in the fermented wort.

peHLn C IIpOU3BOAUTEISAMU APYTUX 0Tpacne171; 3aTpaThbl, CBSI3aH-

B nmocnennee Bpemst B Poccuy HameTniach TeHAEHLMS M3MeHe-
HMsI IIPUOPUTETOB MOTpebuTesIel Mpy BhIGOpe KPEIKoii aTIKorojib-
HO¥ TipomyKiyu. CyllieCTBEHHBI MHTEPEC MPOSIBSIETCS K CIIUPT-
HbIM HaIlMTKaM C apoMaTOM ¥ BKYCOM MCXOMHOTO ChIpbSI, MU
BbIOOpE KOTOPOro HEOOXOAMMO OPUEHTUPOBAThCS Ha psi (hakTo-
POB: 06bEMBI €TI0 3aTOTOBKY B CTPAHE U OTCYTCTBME OCTPOIi KOHKY-

I UUTUPOBAHUS: KpukyHosa JI.H, O6oneesa O.H., 3axapoB M.A., [la-
HuistH A.B. Pa3pa6oTka TEXHOJIOTMYECKMX MapaMeTPOB ABYXCTaJUITHOTO CITO-
coba MOATOTOBKM CYIIEHOTO TOMMHAMOypa K AMCTMLIAUMN. TTulyessie cucmembl.
2018;1(1): 24-34. DOI: 10.21323/2618-9771-2018-1-1-24-34

HbIE C ero NMpruobpeTeHreM, U UX JOJI0 B Ce6eCTOMMOCTY TOTOBOI
TIPOMYKIIMM; OCOGEHHOCTM GUOXMMMUYECKOTO COCTaBa, MO3BOJISI-
IoIlMie JOCTUTATh TPeOGyeMbIX OPraHOJEeNTUYEeCKUX IMOKa3aTeelt.

OnmHMM U3 TePCIIeKTUBHBIX BUIOB HOBOTO HETPAAMUIIMOHHO-
TO JIJIs1 BUHOZENTbYECKOM OTPACIy ChIPbSI SIBJSIETCSI TOMMHAMOYD.
[MpuponHo-KMmaTyeckye ycinosust Poceniickori @emepanyy no-

FOR CITATION: Krikunova L.N., Obodeeva O.N., Zakharov M.A., Danilyan A.V.
Development of Technological Parameters of a Two-Stage Method of Dried Jeru-
salem Artichoke for Preparation for Distillation. Food systems. 2018;1(1): 24-34.
(In Russ.) DOI: 10.21323/2618-9771-2018-1-1-24-34
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3BOJISIIOT BBIPALIMBATH JAHHYIO CETbCKOXO3SIICTBEHHYIO KYJIBTYPY
B JIOCTATOYHBIX JIJIs1 IIPOU3BOACTBA 0O0bemax. Kpome 3Toro, B Ha-
cTosIliee BpeMsl MEXKAY OTPaC/IsSIMM, UCTIONb3YIOIIMMM TOMMHAM-
6yp B Ka4eCTBe MCXOIHOTO ChIPbs, KOHKYPEHIIMS OTCYTCTBYeT. [1In-
POKMIT MHTEPEeC K MCIOb30BAHMIO TOMMHAMOYpa B psifie 0Tpacyeii
TTMIIIEBOI TIPOMBIIIIEHHOCTY OGBSICHSIETCST BHICOKO/ SKOHOMMYE-
cKkoit 3 PeKTUBHOCTBIO TTPOU3BOACTBA U TepepaboTku [1,2,3,4].

CBexkuii TOMMHAMOYP, C TOUKY 3PEHUST XPaHEeHMs], SIBISIETCS
CI0XHBIM CbIpbeM. ComtacHo pekoMmeHaanyssm 'OCT 32790-2014,
€ro XpaHsIT B Tape B YMCTbIX, XOPOILIO ITPOBETPUBAEMBIX ITOMeIIe-
HMSX (OBOILEXPAHWININAX, KAraTaxX) MM XOMOOVIbHBIX KaMepax
nipu Temrieparype ot MuHYC 4 °C 1o mnoc 1 °C ¥ OTHOCUTEIBHO
BJIQYKHOCTU Bo3myxa (85...90)%. Hemelkue cIielyaancTbl pac-
CMaTPUBAIOT KIYOHM TOMMHAMOYypa UCKITIOUATENIbHO KakK Ce30H-
HOe ChIpbe, He ToJjjIekalliee XpaHeHuIo [5].

B xavecTBe aJibTEPHATUBBI MOKHO pacCMaTpUBATh BapMaHT
MCTIONb30BAHMSI CYIIIEHOTO TOMMHAMOYpPa — ITPOMBIIIIIIEHHO BbI-
myckaeMmoro nponykra. K mpemmyiiectsam rocjiegHero cienyeT
OTHECTH, BO-TIEPBbIX, BO3MOXHOCTb KPYIJIOTOAMYHOIO MPOU3-
BOJICTBA MPOAYKLMM, BO-BTOPBIX, CTAGMIBHOCTh €0 6MOXUMMU-
YeCKOTO COCTaBa M BBICOKYI0 MUKPOOMOIOTUMYECKYIO UUCTOTY.
Kpome Toro, ucronb3oBaHue CylieHoro TOnMHaM6ypa mo3BosIs -
€T CyLIeCTBEHHO YIIPOCTUTH TEXHOJIIOTMUECKUI IIPOLIeCC, CKITIO-
YUB Takye onepaiyi, Kak MoiiKa ChIpbs ¥ €ro IpobieHue.

0630p HAYYHO-TEXHUUECKOW JIUTEpaTyphl, MOCBSIIEHHBI
BOIIpocaM TepepaboTky KiIyOHel TonmMHambypa, MOKa3bIBaeT,
YTO TEXHOJIOTMM, UCITO/Ib3yeMble B GPOAIIbHBIX IIPOM3BOACTBAX
MOTYT ObITh pasfe/ieHbl Ha [[Ba Kjacca. B COOTBETCTBUM C Tiep-
BBIM, ChIpbe MOABEPraloT rnepen pekTuduKanmuein JByxcTaanii-
HOJt 06paboTKe, TO eCTh, CHAYaJIa TOTYyYaloT OCaxapeHHOoe CyCIo
13 U3MeJIbYEHHOTO MaTepuaa, a 3aTeM BHOCSIT B HEr0 APOXCKU
¥ IPOBOJST Mpoliecc cOpakmuBanusi. Ha cTagum nomydeHust oca-
XapeHHOro Cyc/ia OTeYeCTBEHHBIMM CIelMaluCTaMy [oKa3aHa
MepPCIeKTUBHOCTh (DePMEHTATUBHOTO TUIPOIN3a MHYINHA ChI-
pbsI 3@ CUET ero camoocaxapuBaHusI TIOf, IefiCTBYEM COOCTBEH-
HBIX MHYIMHA3 [4, 6]. OMHOCTyIeHUaThle CXeMbl MepepaboTKu
KITyOHel TonMHamMbypa, He IIpegycMaTpUBaloIlye CTAAMIO TOMy-
YeHMsI 0CaXapeHHOTO Cyc/Ia, MPeAJIaraioT, B OCHOBHOM, 3apy6esk-
HbIe CrelManicThl. [To MHeHUIO GpaHIy3CKUX YUEHBIX [7, 8] mpu
repepaboTke KIyGHEl TomMHaMOypa, He MOABePTrHYTHIX MpeJ-
BApUTENbHOMY TMIPOINU3Y, Heleaecoo6pasHoO MCIONb30BaTh
IPOXKM BUa S. cerevisiae, T.K. OHM He 06J1a1al0T MHYIMHA3HOI
aKTMBHOCTBIO. [IepcrieKTMBHO MpuMeHeHNe, B JaHHOM CIydae,
nposxcokeit Bupa Kluyveromyces. IIpoBemeHbl MCCIeIOBaHUS TI0
cOpaXMBaHUIO Cycaa M3 KIyOHell TomuMHamMb6ypa ApOsksKaMu
Kl. marxianus [7, 9, 10] u KI. fragilis [8].

2. Marepuajbl ¥ METOIbI

B kauvecTBe ChIpbsi B paboTe MCIIONb30BaHbl KIYOHU TOIMK-
HaMmbypa copTa «CKopocIenka» U MoTyuyeHHbIe U3 HUX 00pasIibl
CYIIIEHOTO TOMMMHAMOypa.

AHanu3 6MOXMMMUUECKOTO COCTaBa ChIPhsl BKITIOUAJ OTIpere-
neHMe HPakUMOHHOTO cocTaBa (GpyKTO30comepsKalnUx yIiaeBo-
JIOB CbIPbSl, IPOBEIEHHOE C MCII0/Ib30BaHMEM CXeMbl, KOTOpast
BKJIIOUajia BbIgeneHue Tpex (pakumit: ®I — pemynupyomie
cBO6GOmHbIE caxapa; DI — onurocaxapuasl ¥ HU3KOMOJIEKYIISIP-
Hble Gpakiyuy unynuHa; ®III — BeicoKOMOoNeKysIpHble hpakLun
uHyauHa [6]. [Tocnenyolnee onpeeneHye caxapos Bo Gpakuum
@I u rugponmsartax ppaxkunit OII u OIII mpoBOAUIM METOIOM
BBICOK03((DEKTUBHO KUAKOCTHOM xpomoTorpadum [11].

@paKIMOHHBIA cOCTaB G6GEJIKOB CYIIEHOTO TOMMHaMGypa
oIpefieNisyii C UCIONb30BaHMEM MeTOJa MX BbIJeNeHUs I10
T. Oc6opHy, IIpeayCcMaTPUBAIOIIETO MCUYEPIIBIBAIOIIYIO ITOC/Ie-
JIOBATEJIbHYIO 9KCTPaKUMio. IIpy 3TOM BbIZe/ieH)e albOyMIUHOB
MIPOBOAWIN OUCTWIIMPOBAHHOI BOAZON, MIoOyn1MHOB — 10%
NaCl, nposmamuuoB — 70 % 3TaHosioM 1 mitoTeHoB — 0,2 % pac-
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tBopoM NaOH [12]. CocTaB cBOGOIHBIX aMUHOKUCIIOT B ChIPhE
OIIEHMBAIN C MCIIOAb30BAHMEM MeTOJa BbICOKOI(hGhEKTUBHOI
SKUIKOCTHOI XpomaTorpadum [13].

VccnepoBaHye cocTaBa 0caxapeHHOTo CycIa M 9KCTpaKTa IIpo-
BOIMIM IIyTeM OIpeJie/leHNsI MacCOBOV KOHLIEHTPaLM CyXUX Be-
mecTB pedpakTOMETPUIECKMM MeTOHOM. BennuuHy TeKydecTu
OTIpeqieNIsS/Iv B YCJIOBHBIX €NVHNIIAX: T10 KOMMYECTBY MIUTMIATPOB
CycJla, BBITEKAIOLIero 13 BOPOHKM Yepe3 COIUIO OIpeZesieHHOIOo
pasmepa 3a BpeMsi, TpeGyloleecs: /i1 BBITEKAHNS M3 BOPOHKU
100 cM® BompI MM IO BPEMEHU UCTEUEHMsT OTIPEIe/IEHHOTO 00b-
eMa cyc/ia uepe3 KaaubpoBOUHOe OTBepcTHe. BpeMs mcreueHus
u3Mepsn ceKyHaoMepoM. CofepskaHye OTe/IbHBIX CaXapoB Me-
TOZOM BbICOKO3(DDEKTMBHOI KMAKOCTHOIM xpomatorpadum [11].

I[Ipu uccemoBaHUY COCTaBa COPOKEHHOTO CYCIa OMpemens-
7 IMHAMMKY Bbifenenns CO, BeCOBBIM METOZIOM, OIpefieleHue
MacCcOBOJ KOHIIEHTPAIUy CIMPTa B COPOKEHHOM CYCIe TI0 Me-
Topy [14], comepskaHye TeTyunxX KOMIIOHEHTOB METOIOM Ta30-
Boi1 xpomaTtorpaduu 1mo 'OCT 33834-2016.

3. Pe3syabTaThl M 06CYXIEHUE
3.1 Buoxumuueckuii cocmaeé monuHamoéypa

[IpM olleHKe OMOXMMMYECKOTO COCTaBa TOMMHAMOypa oc-
HOBHbIe MCCIeIOBaHMSI yUeHbIX HAIpaB/leHbl Ha M3yUeHNe ero
YIJIEBOJHOTO KoMIuiekca [3,6,15], OCHOBY KOTOPOTO COCTABIISI-
10T GPYKTO3a U ee MOMMMePbI PA3IUYHONM CTEIeHM CIOKHOCTH,
BBICIIVM TOMOJIOTOM KOTOPBIX SIBJISIETCSI MHYJIMH — CaMBblii BbI-
COKOMOJIEKYJISIPHBII cpenu GpyKTo3aHOB. B HacTosIee BpeMs
CUMTaeTCsa JOKa3aHHbIM, UYTO MHYJIMH OTHOCUTCS K I'PYIIIIe I10-
MPYKTO3aHOB ¢ SMIMpudeckoit popmyinoii (C.H, O,) u mpex-
cTaB/sieT co60it MoMUGPYKTO3HYIO IeMb, B KOTOPO OCTaTKM
D-dpykTo3sl (10 96 %) cBsizaHbl B-2,1-CBSI3bI0, IPUYEM KaxKkgast
LIelb C HepeAyIMPOBAHHOTO KOHIIA 3aKaHYMBAETCSI MOJIEKY/IOi
D-ITI0KO03bI (70 6 %), COemMHEeHHOIT ¢ GPYKTO3071 3-1,2-CBA3bIO.

[Tpu BBIGOPE TEXHOIOTUUECKNUX PEKMMOB TIOATOTOBKY TOTIN-
HaMObypa K cOpakMBaHMIO HEOOXOIMMO YUUTHIBATH HE TOIBHKO
obmiee comepykaHue (PPyKTO30COMEPKALINX KOMIIOHEHTOB, HO
u ux GpaKIMOHHBIA COCTaB, TaK Kak Ipoiiecc hepMeHTaTUBHO-
IO TUAPOJIN3a YIJIEBOAOB ChIPbSI 3aBUCUT, BO-IIEPBBIX, OT CIIO-
COGHOCTY TIONIMMEPOB MEPEXOIUTh B PACTBOPUMOE COCTOSIHUE,
BO-BTODBIX, OT CTeNIeHM UX monuMepu3aiuu. [Ipu aHanmse cBe-
KUX KITyOHei TonmMHambypa, ycraHosieHo (Tab6m. 1), uto cpeau
YIJIEBOMIOB B ChIpbe MpeobnamatoT dpakuyy ®II u OIII, ux comep-
>KaHMe COOTBETCTBEHHO BapbupyeTcs B npegenax (29,1...33,9)%
u (41,0...54,4)%. B mcciegoBaHHBIX 06pasiiax CyIIEHOTO TOIM-
HaMOypa BbISIBJIEHbI CYI[€CTBEHHbIE M3MeHEeHMs BO (DpaKIvoH-
HOM COCTaBe JaHHBIX KOMIIOHEHTOB.

Ta6muua 1
@paKIMOHHBINA cocTaB GPyKTO30COAEPKALIUX
VIJieBO4OB B TOIIMHaMGVpe

ConepskaHue,% B cyxoMm Benectse (CB)

®paxuyst Kiryoun CyuieHbIi
TonuHaGypa TONMMHAMOGYP
[ 1,5+0,2 6,6 £0,3
oIl 32,0+1,9 50,4+ 3,5
oIl 47,7+ 6,7 11,1£2,4
S 79,5+8,8 68,1+6,2

VCTaHOBIIEHO, UTO B MPOIIECCE CYIIKM ChIPbSI B HEM YBEJINYN-
BaeTCsl cofepikaHye HU3KOMOMEKYIISIpHbIX (pakimii. Komnuect-
BO CBOOOIHBIX PEAYLMPYIOIMX CaXapoB BO3pAacTaeT B CPeqHEM
B 3—4 pasa, ppakiuu ®II yBennunBaeTcs 6oee uem B 1,5 pasa.
JauHbIit HaKT CBSI3aH C MPOTEKAHMEM TPOLIECCOB pepMeHTATUB-
HOTO TMIPOJN3a BHICOKOMOJIEKY/ISIPDHBIX (DPaKLMii MHYIMHA TIOf,
JeJiCTBYEM COOCTBEHHBIX MHY/IMHA3 ChIPbSI (IT0 JAHHBIM OTEUECT-
BEHHBIX YUE€HbIX CyMMapHasi I'MPoJIa3Hast aKTUBHOCTD B KITYOHSIX
TOMMHAMOYpa cocTaBisIeT 3,3—4,5 e/1./T MHYIMHA ChIpbs [16]).
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Kpome yrieBomoB, KIy6HM TOMMHAMOypa comepskaT a3o-
TUCTbIE BeIeCTBa, MUKPO- UM MaKpOIJIEMEHTbI, BUTAMUHBI.
CofepskaHue a3OTUCThIX BEIECTB BapbUPYeTCsl B Ipefesiax
ot 4,3 o 11,0% [17]. Ha momio 6e1KOBOTO a30Ta MPUXOJUTCS
57-59%, nebenkoBoro — 41-43%. VKpauHCKMue MCCIem0Ba-
tenu [18] ycTaHOBWIM, YTO TO CcOGANaHCUPOBAHHOCTU He3a-
MEHMMbBIX AMMUHOKUCJIOT TOMMHAMOYD TMPEBOCXOAUT 3€PHO
3JIaKOB.

AHanu3 6eKOBOr0 KOMIUIEKCA 06PasIoB CYNIEHOrO TOMM-
HaMmbypa ToKas3asi, YTO OCHOBHBIMM GeJIKAaMMU B HUX SIBJISIIOTCS
anbOyMMHbBI, MacCOBAast IOJIST KOTOPBIX BAPbUPYETCS B TIpefenax
2,5-3,3%, comepkaHue rino6ynnHOB cocrasisier 0,24-0,33%.
B o6pasiax cyIeHoro TonMHam6ypa, moyuyeHHbIX U3 KIyOHeii
copta «CKopocIienka» He 06HaPY>KeHbI TPOJIAMUHbI U TTIOTENN-
HblI (Tab6. 2).

Tab6nuia 2
CopepskaHne 6eTKOBbIX (pakimit
B CYLIEHOM TOIMHaMOype
A3oT dpakumii (B % OT 0011ero 6eJIKOBOro a30Ta)
= =t N
] - ] 3 =
o] <) = ] 2
=) ) .
: = 2 = g  x
E. 5 o 5] = c 8
© 3 = B < a5
2 E & 2 'S ol
< = 5 = = 8
59,9+1,6 55+0,4 — — 29,6+1,3 6,0+24

Vi3BecTHO, UTO (Gpakimy GelIKOB ChIPbSI UMEIOT Pa3IMUHYIO
cybeTpaTHYIO crieiduuHoCTb. Bomo- 1 conepacTBOpuMbIe Ger-
KU JIerye MmoABepraioTcs pepmMeHTaTMBHOMY I'MAPOIN3Y, TaK Kak
OHU TUAPOGUIBHBI B OTVIMUME OT MPOJIAMWHOB U TIIOTENTMHOB.
B mesiomM, HecMOTpSI Ha o06liee MOHMKEHHOe cofepskanue 6e-
Ka B TOMMHAMOYype, TI0 CPAaBHEHMIO C er0 COfiepkaHueM B 3epHe
(cpennee — 10-13 %, cpeny HUX pacTBOPUMBIX 6€JIKOB — He 60-
Jiee 30 %), BaHHBIN BU, ChIPHSI, C IO3ULUM OLEHKM €r0 a30THOTO
COCTaBa, MOXKHO CUYMTATh MOTHOLIEHHBIM.

Takke B pa6ote [19] uccieoBaH cocTaB CBOGOJHBIX aMUHO-
KUCIOT B 06pa3iiax CyleHoro TonMHamMmoypa. YCTaHOBJIEHO, UTO
OCHOBHBIMM M3 HUX SIBJISIIOTCSI TJTyTaMMHOBAsl KMUCIOTa, TIyTa-
MWH, acriaparuH, aprMHUH ¥ TPEOHUH. VI3BeCTHO, UTO aMUHO-
KUCJIOTHBIN COCTaB ChIPhSI MOKET OKa3bIBATh BJIMSIHME HA TPO-
TeKaHMe Tpoiecca cOpakuBaHMUSI U XapaKTePUCTUKY TOTOBOTO
MPOAYKTa, TaK KaK OMpeaeieHHble aMUHOKUCIOTHI SIBJISIIOTCS
TpeAIecTBeHHMKAMY 00pa30BaHMs DPSIia BBICIIMUX CIVPTOB.
K npumepy, TpeOHMH, BaJauH, IEMIIVH U (peHMUIaTaHMH MOTYT I0-
BBILIATH COMlepykaHMe B COPOKEHHOM CyC/ie TaKUX CIUPTOB Kak
MIPOIMUJIOBBIN, M306yTUIIOBBIN, M30aMUJIOBBIA U 2-heHuIsTa-
HOJI COOTBETCTBEHHO. BhICIIIMEe CIUPTHI SIBJISIIOTCS BasKHEIIMMU
JIETYUYMMM COCTABJISIIOUIMMY CIIMPTHBIX HANMUTKOB. [Ipmnuem, Ha
OPTaHOJMIeNITUYECKME XapaKTEPUCTUKY TOTOBOTO MPOIYKTA OKa-
3bIBaeT BAMSHME He TOJMbKO copepykaHMe OTHeNbHbIX CIIMPTOB,
HO U MX COOTHOUIEHNE.

B 1esioM, nmpyMeHeHMe CyIIeHOro TOMMHaMGypa JJIsl Pou3-
BOZICTBA CIIMPTHBIX HAIMTKOB HA OCHOBE AUCTUJIISTOB, IO CPaB-
HEHMUIO, C MCIIOIb30BaHMEM CBEXMX KIYOHEN MeeT cJieaylomiye
MpeuMyIecTBa:

— BO3MOXXHOCTb BHECE30HHO1 ITepepaboTKu;

CTabUIBbHOCTH OMOXMMUYECKOTO COCTaBa ChIPhST ¥ TTOBBIIIIE-
HJE ero MUKPOOMOIOTMYECKUX XapaKTEPUCTHUK;
VIIPOILEHVE TEXHOJIOTMYECKOI CXeMbI ITepepaboTKu;
JleroMepu3anis OCHOBHBIX YIVIEBOJHBIX KOMIIOHEHTOB
CBIPbSI U, KaK CJIE[ICTBIE, IIOBBILIEHME CTeTIeHU UX JOCTYITHO-
CTU K hepMeHTaTUBHOMY TUIPOJIA3Y;

ITOJTHOLIEHHOCTH 6EJIKOBOT'O KOMIIJIEKCA, B CBSI3M C BBICOKUM
cofep>kaHMeM pacTBOPMMbIX GEIKOB ¥ CBOOOHBIX aMUHO-
KUCJIOT.
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3.2 Cmadus nonyyeHus ocaxapeHHozo cycaa

ITpu pa3paboTke HOBOW BBHICOKOI(DDEKTUBHON TEXHOIOTUMU
CIIMPTHBIX HAIMMTKOB M3 CYIIEHOTO TONMMHAMOypa Ha TepBOM
ararne paboT HeOOXOAMMO GbLIO YCTAHOBUTH 3aKOHOMEPHOCTM
M3MEHEHUS YITIEBOAHOTO KOMIUIEKCA MCXOMHOTO ChIPbSI B MPO-
1iecce TIOTyYeHMs 0CaxapeHHOro Cyca.

B kauvecTBe MeTonma memonauMepusaluu GpPyKTO3aHOB Chi-
pbsl, Cpelyi U3BECTHBIX, ObUT BhIOpaH (hepMeHTaTUBHBIA. B mc-
C/IefOBaHMSIX ISl TAponn3a GPyKTo30comepsKalinx YIIeBO#0B
CYIIEHOTO TOMMHaMOypa NMpuMeHsUM (GepMeHTHBIN IMpernapaT
OTEeUeCTBEHHOTO MPOU3BOACTBA, COAEPKALINIT MUKPOOHYIO K-
3ouHyAnHasy Inul A. Awamori [20].

JKCIepMMeHThbI ObUTM TIPOBENEHBI B IBYX BapuaHTax: Ba-
PUAHT A — TUAPOIN3 TIOTVIMEPOB ChIPbSI O[], AeICTBYEM COOCT-
BEHHbBIX MHY/INHA3 TOIMMHAMOYpa; BapyuaHT B — rumgponus mpu
COBMECTHOM [I€IICTBMM MHYINHA3 CHIPbSI ¥ MUKPOOHOI 9K30M-
HY/IMHA3bI B JO3UPOBKe, MPUHSTON MPU TUAPOIM3€e KPaxmasio-
copepyKaliero CoIpbsi — 7,5 eJ1./T UHYAMHA ChIPbSL.

PesynbTaThl MccnegoBanmii (Tabm. 3) mokasaau, uTo IIpe-
JeIbHO-IOMYCTUMOe 3HaueHue TUAPOMOIYJs, OIleHEHHOe II0
TeKyueCTy TeXHOJOTMUYECKIUX Cpell, COOTBETCTBYeT 1:4,5 (3Haue-
HMe He JOJ/DKHO TpeBbiiaTh 10 ¢). BHeceHme MUKpoOOHOTO dep-
MEHTHOTO Tpernapara, 06JafaroIero akTMBHON SK30MHYIMHA-
300, MPAKTUUECKM He BJIUSIO HA TEKYUeCTb.

Tabmuua 3
Bnausiame TUAPOMOAYJISA Ha IMPpoLecC nmorydyeHms
0CaxapeHHOro CyC/Ia 3 CyLIeHOro TONMHaMOypa

Konuenrpanms,%

1511/([)';1;7;:;, Texyects, ¢ Cycio DKCTpaKT
A B A B A B
1:6 4 4 12,5 13,4 3,1 3,2
1:5,5 5 4 13,9 14,5 3,4 3,5
1:5 6 5 15,0 16,0 3,7 3,8
1:4,5 8 6 17,0 17,3 4,0 4,1
1:4 25 18 17,5 18,0 4,3 4,4

VCTaHOBJIEHO, UTO KOHILIEHTPALMSI CYc/Ia MPYU CHUKEHUN TU-
JIPOMO/IYJISI 3aKOHOMEPHO Bo3pacTasa (1o BapuaHTy A — ot 12,5
o 17,5%; o Bapuanty B — ot 13,4 no 18,0 %). OgHako, mpu Iie-
pecueTe Ha I'MAPOMOZAY/Ib 1:6 OHA MPAKTUYECKM He MeHsSIach,
CHIM3KANACh JIMIIb ITPU TUIPOMOyJie 1:4, UTo IMOATBePXKIaIo Mo-
JIyuyeHue cpef, C 3aTPyAHEHHbIM MePeBOIOM CYXUX BellleCTB Chbl-
PbsI B paCTBOPUMOE COCTOSIHME U3—3a CJIOKHOCTY ITPOXOKIEHUS
I(E y3MOHHBIX MTPOIECCOB.

dddexTMBHOCTh 06paBOTKYM ChIPbSI HA CTAAUY TIONTYUEHUS
ocaxapeHHOro cycia B paboTe Takke OIE@HMBAIM IO BIUSHUIO
TMOPOMOZYJISI Ha KOHLIEHTPAIMI0 9KCTPaKTa — MPOAYKTA, MOJTY-
YEHHOTO ITyTeM CMEeNIVMBAHMS 0CaxapeHHOro Cycia C GOIbIINM
KOJIMYECTBOM BOJIbI C TIOC/IeAyIOIIeli huabTpanyeit. DTOT MoKa-
3aTesb, KaK [TI0Ka3aHO B paboTe [21], TO3BOJSIET MOMYIUTD TaH-
Hble TI0 MaKCUMaJIbHO BO3MOKHOMY TepeBOAY CyXUX BelleCTB
ChIPBSI B pAaCTBOPUMOE COCTOSTHHE.

Takke B paboTe BapbMpOBajach J03MPOBKa (HepMEHTHOIO
rpernapara, Kotopasi cocrasisiia ot 1,5 mo 7,5 em./r MHynuHa
cbIpbst. CycI0 TOTOBWIM COIVIACHO BBIGPAHHOMY TMIPOMOMYJTIO
(1:4,5), mpotiecc TMAPOJM3a OCYIIECTBIISIN TIPU €CTECTBEHHOM
pH cpenst (pH=6,0), IiMUTEeIbHOCTh Tpoliecca 06paboTKM IIpu
temmeparype 55°C cocrasisiia 3 yaca (peKOMeHJOBaHHbIE pa-
Hee peXMMHbIe TapaMeTpbl MOJMyYeHUs Cycla U3 KIyOHeli To-
nmuHambypa [6]). B pabore 6bUIO PacCMOTPEHO [Ba BapuaHTa
TIONTyYeHusT Cycia: BapuaHT [ — 6e3 MCIOoNIb30BaHMsSI MUKPOO-
HOVi MpoTeasbl (pepMeHTHOro mpernapara MpOTeOTUTUUYECKOTO
nevicteust Heitpasa 0,8 L), BapuanT II — ¢ ucnonb3oBaHuem
MMKpPOOHOI TpoTeassl. 1le/ib BBIMOTHEHUS] MCCIENOBAHUI I10
BTOPOMY BapMaHTy 3aK/Jl04yanach B BBISIBIEHUM BO3MOKHO-
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CTY TIOBBINIEHUST 3(PGHEKTUBHOCTY TOATOTOBKM CYIIEHOTO TO-
nMHaMOypa K AVCTWUISIIVN, TaK Kak paHee B pabore [22], mo-
CBSILIEHHO! M3YYeHMIO TIpOliecca IOMyYeHUsT OCBETIeHHOTO
ocaxapeHHOro Cycia U3 CBEeXUX KiIyOHeil TornmHaMmbypa, 6bIIo
MoKa3aHo, 4To ucnosib3oBaHue Heitpasel 0,8 L — mpemnapara,
06J1aJalo0IIero SHAO0MPOTEMHA3HOM aKTUBHOCTHIO, YBETUUNBAET
niepexo;, GPyKTO3aHOB CHIPBSI B PACTBOPUMOE COCTOSIHME BCIIE[-
CTBUE UX BBICBOOOKAEHMS U3 CBSI3aHHOTO COCTOSIHUSI C GEIKOM
(pekoMeHayemasi mo3upoBKa Hevitpassl cocrasisiia 0,01-0,02
en. IIC/r 6enka ChIpbs).

VCTaHOBIEHO YTO, COAep)kaHue pemylupyIoLuMX CcaxapoB
C yBeIMYeHNMeM IO3MPOBKM BHECEHMS MUKPOOHOI MHY/IMHA-
3bl 3aKOHOMEDPHO BO3pacTano [23]. C 5KOHOMMYECKOV TOYKMU
3peHMs] TPeJIOUTHUTEIbHA JO3MPOBKA MHYIMHA3BI HA YPOBHE
3,0-4,5 en./r MHYJIMHA ChIPbHS.

Kaxk m3BecTHO, mpoiiecc GpepMeHTaTUBHOTO TMAPOIM3A TO-
JIMMEPOB ChIPbSI MPOTEKAET BO BpeMeHMU. [Ipy momyueHnn cycia
13 KITyOHe TonmHaM6ypa, 6b1a BbIGpaHa IMPOAOIKUTETbHOCTD,
paBHas TpeM dacam [6]. VisyueHre TMHAMUKY U3MEHEHVS KOH-
LIEHTPALMM CYXUX BeIleCTB ¥ CBOOOJHBIX PeAYIMPYIOLIMX caxa-
POB Mpu MepepaboTKe CYIIEHOI0 TOIMHAMOypa TaKKe O3B0~
J10 060CHOBATH IJIUTETHHOCTH Mporiecca — 3 vaca [23].

IIpu pa3paboTke BbHICOKOIDHEKTUBHBIX TEXHOMOTHIA TTHIIe-
BBIX MPOJAYKTOB, OCHOBAHHbIX Ha (DePMEHTATUBHOM TUAPOIM3E
TIOJTMMEPOB PACTUTENBHOTO ChIPbS, HEOOXOIMMO YIUTHIBATH BECh
KOMIUIEKC TTPOIIECCOB, TIPOUCXOISIINX B HEM ITO[] IEMICTBMEM KaK
COOCTBEHHBIX (DepMEHTOB, TaK ¥ BHOCUMBIX C (hepMEHTHBIMMU
npenapataMiu. IIpy 9TOM HEOOXOIMMO YUMTHIBATH CJIEAYIOLINe
OCHOBHbI€ (DaKTOPBI: B TIEPBYIO OUEPEb — 3TO OCOOGEHHOCTU OU-
OTIOJIMEPOB JAHHOTO PACTUTEIBLHOTO ChIPbSl, T€TEPOTEHHOCTh
cybeTpaTa, IPUCYTCTBME PasHOTO pofa 3¢ eKTOPOB, CITOCOGHBIX
aKTMBUPOBATh V/VIV MHTUOMPOBATh KaK SHAOTeHHbIe (hepmMeH-
ThI, TAK 1 )epPMEHTHI B cOCTaBe hepMEeHTHbIX ITPerapaTos.

OnHuM 13 pakTOPOB, ONpeaesonmx 3¢GPeKTUBHOCTh dep-
MEHTaTUBHOTO TUAPOIN3a MOMMMEPOB ChIPbS, SIBJISIETCS CO3/1a-
HMe ONTUMaNbHOTrO pH TexHomornveckoit cpensl. IIpu mepepa-
60TKe CyLIeHOTO TONMHAMOYypa Mpu BLIOPAHHOM TUAPOMOLYIIE
(1+4,5) pH cpenpl HaxomuTCcs Ha ypoBHe 6,0—6,5. HcIonb3y-
eMblii MUKPOOGHBI (epMeHTHbIN MpenapaT Inul A. Awamori,
06TaJalomnii 9K30MHYIMHA3HOM aKTUBHOCTHIO, TIPOSIBIISLI, IO
JAHHBIM MpousBoauTess [20], MaKCMMaIbHYI0 aKTUBHOCTD IIPU
pH 4,0-4,5; depmenTHblii npenapat HeiiTpasa 0,8 L u cobet-
BeHHbIE MHYIMHA3bI ChIpbsT ipy pH 6,0-6,5.

Takske B paboTe YUMUTHIBATIOCH, UTO IO CPABHEHMIO C 3€PHOM,
KOTOpOe TpeiyIoskKeHO UCIOMb30BaTh B KAUeCTBE OCHOBHOT'O Chl-
Pbs OJIs1 TTOJTYYEeHUS OVCTUIIATOB U CIIMPTHBIX HAIIMTKOB Ha UX
OCHOBe [24,25,26], TOomMHAMOYDP COIEPKUT IMOBBIIIEHHOE KO-
YeCTBO MEeKTHHOBBIX BemecTB. Cpey HUX IIpeobiamaeT HepacT-
BOPMMBIi IPOTOMNEKTHH [27], YTO CIefAyeT CYUUTATh IIOJIOKUTENb-
HBIM, C TMO3UIMM OLIEHKM TaHHOTO BUAA ChIpbs. BmecTe ¢ TeMm,
TEeKTVH TOMMHAMOypa XapaKTepuU3yeTcsl BBICOKOJ CTENeHbIO
MEeTOKCUIMPOBAHMsI, TO €CThb B Ciiyyae (pepMeHTaTUBHOTO T'Mi-
JIpon3a ChIpbs, TIOA, AeiCTBYEM IeKTMHICTepa3bl B KOHEUHOM
MPOJYKTE MOKET HaKaruIMBaThCSI CBEPXHOPMATUBHOE Cofepska-
HMEe METMUIOBOTO CITUPTA.

JlaHHbIe 0 IEKTMHACTEPa3e TOMMHAMOYpa MO3BOJISIIOT TPOTHO-
3MPOBAaTh COAEPKaHNMe MEeTaHO/Ia B TIPOAYKTE M PEKOMEHAOBATh
Ha OCHOBE TEOpeTUYEeCKUX MPeATIOChUIOK ONTMUMaabHble TEXHO-
JIOTMYECKMe mapaMeTphbl Ha BCEX CTaAMSIX IepepaboTKM KITyOHeiA.
VCTaHOBJIEHO, UTO MEKTUHICTEPA3Hast aKTUBHOCTb TOMMHAMOYpa
BapbupyeT B npenenax 0,22-0,35 en./r, 4To, Ha MEPBbIi B3I,
xXapakTepusyeT ee Kak HU3Kkyw. OgHaKo, Mpu ee pacuere Ha 1 T
TeKTMHA ChIPbSI M (Pl 3HAUMUTENTBHO BO3PACTAIOT (B CPEIHEM JI0
40 en./r). [IpyyeM BBISIBIEHO, UTO TIEKTUMHAICTEPA3a TOMMHAMOY-
pa MpoSIB/IsIeT MaKCMMAaJIbHYIO aKTMBHOCTD B HETpalIbHOI cpefie
nipu pH 6,0-7,0. [Tyrem noxkucieHus cycia ao pH 4,5-5,0 Mosx-
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HO CHU3UTb ee aKTMBHOCTb Ha 25-50 %. TaKoii TeXHOIOIMUeCKIIiA
TIpy1eM, Kak M3BECTHO, TPUBOAUT TaKKe K YAYUIIIEHNI0 MUKPOO-
OJIOTMYECKOJi YMCTOThI COPakMBAEMOTO CyCIIa.

IlaHHBIE 110 BIAUSIHUIO PEXXMMHBIX ITapaMeTPOB IepepaboTKu
TomMHaMOypa Ha cofiepskaHye OTAeTbHBIX CaXapoB B OCaxapeH-
HOM Cyc/ie TipeficTaBiieHbl B Tabt. 4.

Tabnuma 4
BiusiHue pesKMMHBIX ITapaMeTPOB nepepadéoTKu
TOonMHaMOypa Ha comepyKaHye OTOeIbHbIX cCaXapoB
B 0CaxapeHHOM CyciIe

CozepkaHue OGpasubl 0OcaxapeHHOro CyciIa
caxapos, 1% 2% ki 4
1/100 cm? (PH=6,0) (pH=4,5) (pH=6,0) (pH=4,5)
®pykTO3a 5,62 8,80 6,57 9,16
Tmoko3a 0,90 2,02 1,08 2,13
Caxaposa 2,18 1,06 2,08 1,05
TpudpykTo3aH 0,11 0,09 0,08 0,10
CymMa caxapoB 8,80 11,97 9,81 12,44

* be3 MCITONMb30BaHMsI MUKPOOHOI IIPOTeasbl
** C BHECEHMEM MUKPOOHOI poTeasbl

[TonydyeHHbIE TaHHBIE TIO3BOJISIIOT CAENIATh CAeAyIolIye BbI-
Bozbl. TTonkucienne 3ameca 1o pH=4,5 moBbIliaeT cymmapHoe
colepskaHue caxapoB B cycie Ha 26,8-36,0% mo cpaBHeHUIO
¢ obpasiamu, IMOJYYeHHBIMM IIPUM E€CTECTBEHHOM 3Haue€HUU
pH=6,0, B OCHOBHOM 3a CUeT yBeJIM4YeHMsI MacCOBO¥ 1onu Gppyk-
TO3BI U [TI0KO3bI. CozlepykaHme caxapo3bl, HAIIPOTUB, CHUKAETCS
IoYTH B 2 pasa. BeposiTHee Bcero AaHHbIi (akT CBSI3aH C CO3/1a-
HyeM 6ojiee ONTUMAaJIbHbIX YCIOBUI )i NEeiCTBUS MUKPOOHOI
VMHY/IMHA3BI.

[OTIOMHUTEIbHOE BHECEHVE MUKPOOGHOI SHIOTPOTEMHA3HI
B BapuaHTe 6e3 MOAKMCIEHNS MMOBBIIIAeT CyMMapHoe comepska-
Hue caxapoB Ha 11,5% (o6pasupl 01 u 03), Ipy MOAKMUCIEHUN
IaHHOE yBeJIMUeHMe COCTABIISIET OKOMO 4 %, TO eCTb B BApMAHTE
¢ noaxkuciaeHuem cpenbl 3bdEeKTUBHOCTD NeiicTBus HeitTpasbl
0,8 L cHmkaeTcs U er0 BHeCeHMe CTaHOBUTCSI SKOHOMMUYECKU
Hellesecoo6pasHbIM.

B menom, u ¢ yueToM pesy/ibTaTOB MCCIELOBAHUIA, TIpem-
CTaBJIEHHBIX B paboTe [28] 1O BBISIBIEHUIO BAVSHUS PEKUMHBIX
rapaMeTpOB MepepaboTKY CYIIeHOTo TOMMHAMOypa Ha YIJIeBOI-
HbIIi ¥ 6EJIKOBBII COCTaB OCAXapeHHOIo Cyc/ia, PEKOMEHI0BAHO
JIBa BapMaHTa MOATOTOBKY ChIPBSI K COPaKMBAHUIO:

BapuaHT 1 — JonosHuTenbHOe BHeceHue Heritpassl 0,8 L
¥ TIepepaboTKy ChIPhs TP ecTeCTBeHHOM pH 3ameca.

BapuaHT 2 — MMOAKKUCIeHMe 3ameca 1o pH=4,5 1 npoBeneHne
rpoiiecca 6e3 IOMOJTHUTETbHOTO BHeceHus HeiiTpasa 0,8 L.
[TperMyIIecTBO OJHOTO U3 ABYX BapMaHTOB ObUIO OIpese-
JIEHO TIOC/Ie TPOBENEeHUS] SKCIIEPMMEHTOB IO COpakMBAHUIO
06pasIoB 0CaxapeHHOro Cycia M aHaIuM3y COPOXKEHHOTO Cycia
10 KPETOCTU U COZlePsKaHMIO OTAeIbHbIX IETYUMX KOMIIOHEHTOB.

3.3. Cinadus copaxcusaHus ocaxapeHHozo cycia

CopaskuBaHMe SIBJSIETCS] OLHMM M3 OCHOBHBIX 3TaloB IpU
MIPOM3BOACTBE OUCTUIIISITOB, B XOJe KOTOPOTO I0f, JeliCTBMeM
(epMEeHTHOTO KOMILIEKCA IPOXCKeHl IPOVMCXOOUT HauyalbHOe
dhopMmpoBaHMe KaueCTBEeHHbIX [T0KA3aTeNeii IPOgyKTa.

AdderTMBHOCT TpoIlecca COPaKMBAHUSI UHYIUHCOIEPKA-
IIeTo ChIPbSI 3aBUCUT OT psAfia HakTopoB, B TOM YUC/IE OT XUMMU-
YeCcKOro COCTaBa Cyc/ia, ero KOHLeHTPaLyM, CTeIIeHM IYIPonu3a
MOMMIMEPOB CBIPBSI, UCIIOIB3yeMOI Pachl OPOsKKeit, nx ¢usmo-
JIOTMYECKOTO COCTOSIHMSI U OCOGeHHOCTeli MeTabonu3ma, mpo-
JIO/DKUTENbHOCTY COPaKMBAHUSI M TeMIIepPaTyPHBIX DEKMMOB
MIpOBefieHMsI Ipoliecca.

Ha mepBom 3Tarte mporecc co6pakMBaHMsI 0CaxapeHHOTo Cy-
¢J1a U3 CYLIEHOTO TOMMHAaMOypa OCYLIECTBIISUIUM C MUCIIONb30Ba-
HueM cyxux crupToBbiX (Fermiol), BuHHBIX (SITHA activhefe 3)
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u nuBoBapeHHbIX (Safbrew WB-06) mposkkeii. MI3BecTHO, 4TO
yBeIuM4YeHre HOPMbl BHECEHUSI APOXKeN WHTeHCUbUIupyeT
Trpotiecc cOpaskMBaHMsl, 0COOEHHO Ha TMePBbIX ITarnax. YUUThIBas
BBICOKOE COfiepskaHMe TOTEeHIMATbHO COPakMBAEMbBIX YITIEBO-
JIOB B CyIIIEHOM TOIIMHAMOYype, Mpe/iCTaBIeHHbIX TPEeUMYIIeCT-
BEHHO OJIMTOcaxapuaaMu ¥ HU3KOMOJIEKYISIPHbIMY hpaKkIvsIMu
VMHY/IMHA, B paboTe MPOBeIM IKCIIePUMEHTHI 110 BAPbMPOBAHUIO
HOPMBI 3aJauM [OpOskkeii. BbuiM CHSATBI KpUBbIE BbIIEIEHUS
CO, mpu c6paxkBaHMM OCAXapeHHOro Cycia (HOPMa BHECeHMs
Iposiokeit coctasisuia 50, 100 u 200 mr/100 r cycna) [29].

AHanM3 moyueHHbIX JaHHBIX MO3BOJM/I BBISIBUTH CIeAyIO-
uiye 3aBUCUMOCTU:

— HCIIONIb30BaHMe Iposxokeit B Konmnuectse 50 mr/ 100 r cycna
He TT03BOJISIeT 3aBEPUINTD ITPOLIECC COPAKMBAHUS B UCCTIEMY-
emoM nepuope (72 daca);

yBesimyeHue Hopmbl gpoxokeil co 100 o 200 mr/100 r cycna
MO3BOJISIET TMOBBICUTh KOIMYECTBO Bbigemusuierocs CO, Ha
HavyaJIbHOM 9Tarie GpOsKeHMs, OMHAKO, He BAMSET Ha KOHeU-
HYIO KPerocTb COPOSKEHHOT0 Cyc/1a U JIUTeNbHOCTD IIpoIiecca.
JOTIOMHUTENBHO B paboTe OB pacCUMTAH BBIXO], 6€3BOIHO-
ro crupTa 13 1 TOHHBI ChIPHSI. YCTAHOBJIEHO, UTO MCII0JIb30BaHe
B KauecTBe ChIPbsI CYIIEHOTO TOMMHAMOypa, XapaKTepusyeTcs
BBICOKMMMU MOKa3aTeNIsIMU 110 BbIXOAY (B IYUIIMX BapMaHTaX Ha
ypoBHe 41,4-41,7 nan/t ceipbs). K npumepy, npu nepepaboTke
KpaxMaJIOCOZiepsKallero ChIpbsl (3epHa C COTMIOCTAaBUMMBIMM 3HA-
YEeHUSIMU T10 BJIQXKHOCTY C TIPe/iJlaraeMbIM HOBBIM BUJIOM ChIPbSI)
IIaHHBIN TOKa3aTeyib coctaBisieT B cpegHeMm 30,0-32,0 masn/T.
Tako¥t BBICOKMII BbIXOJ, OE3BOMHOIO CIMPTa B CJIyuyae VCIIOJb-
30BaHMS CYIIEHOTO TOIMHAMOypa CBsI3aH, B MEPBYI0 OYepenb,
C comepkaHMeM B HeM MHYJIMHA, MaccoBasl JIOJISI KOTOPOTO
B KOHKDeTHOM o6paslie cocTtaBisuia 69,1% (B 3epHOBBIX Kyilb-
Typax JaHHbIIT IT0Ka3aTeslb HaxoauTcs Ha ypoBHe 50,0-55,0 %).

IIpn paspaboTKe TEXHOJOTUM HOBOTO CIIMPTHOTO HAINMTKA
U3 CyLIeHOTO TOMMHaM6ypa, KpoMe BbIXo[a 6€3BOIHOTO CITUPTa
U3 eIVHUII TepepaboTaHHOTO ChIPbs, ObLIN OIpemeeHbl Ka-
YyeCcTBeHHbIE XapaKTepUCTUKU TONYIPOAYKTOB IPOM3BOJCTBA,
B YaCTHOCTM COPOSKEHHOTO CYC/Ia, KOTOpPbIe HAMPSIMYIO BIVSIIOT
Ha OpraHoJIeNITUYEeCKye IT0Ka3aTe KOHEYHOTO IIPOAYKTA.

BbIsIB/IEHBI CYIleCTBEHHbIE OTJIMUMS B COIEPKAaHUM OTHENTb-
HBIX JIETYYMX KOMIIOHEHTOB B 06pa31iax B 3aBUCUMOCTH OT Pachl
MCITOJIb30BaHHBIX Iposokeit (Tabi. 5).

[IprMeHeHME CIIUPTOBBIX ApPOXoKeil Fermiol xapakrepusy-
eTCcsl TMOHVDKEHHBIM COfepykaHueM B COPOKEHHOM Cyciie alie-
TaJabAeruia U MeTaHosa, YTO C/IeAyeT CYMTATh IOI0KUTETbHBIM
TP OLIEHKe COCTaBa JIETyUuMX KOMIIOHEHTOB JaHHBIX 06Pa31I0B.
CymMMapHOe cofepskaHye BBICHIMX CIMPTOB BapbUPYeTCsl OT
4057 mo 4802 mr/mm3 6e3BogHOTO criupra. [Ipyyem, UCIIOIb30-
BaHMe CIMUPTOBBIX M BUHHBIX JPOXKEN MPaKTUUeCKU OJMHA-
KOBO BJIMSIET HA 3HAUeHMe JAHHOTO IOoKa3aTess, IpuMeHeHe
MMMBOBAapEHHBIX JIPOSKKel MOBbIIIaeT ero. Kpome TOro, BhisIBIIE-
HbI CYII[eCTBEHHbIE OTINYMS B COAEP>KaHUM OTAeIbHbBIX BBICIINUX
CIIMPTOB B 00pasIax.

[MonyyeHue cyciaa ¢ ropkuciaeHneM cpeabl 1o pH=4,5 mpu
MCITOIb30BAHMM BCEX PaC APOXCKEN MO3UTUBHO BIMSIET HA CO-
CTaB JIETyYMX KOMIIOHEHTOB COPO’KEHHOTO Cyc/ia. YCTAaHOB/IEHO,
YTO colepkaHMe aleTalblerufa — KOMIIOHEHTa, HeraTMBHO
BJIMSIIOIIETO Ha OPraHOoJeNTUYeckue XapaKTepUCTUKM KOHed-
HOTO MPOMYKTa, CHYOKAeTcsl B cpeqHeM Ha (5...15)% (mocienHee
3HaveHMe COOTBETCTBYeT Mpobe, TIOMyUeHHOI C UCTIONb30BaHKe
CIIMPTOBBIX ApOsoKelt Fermiol); MeTaHo/Ma — IIpUMeCH, XapakTe-
puU3yIoNIMii 6€30MacHOCTb MPOAYKIIVY U PeriaMeHTUPOBAHHOI
TIpY TTPOU3BOJCTBE CIIMPTHBIX HAIIUTKOB, yMeHbIaeTcst Ha 10—
35 %, npyuueM HauOOJIbIIIeN CTEITeHY TaKKe ITPU MCTIOIb30BaHUM
CIMPTOBBIX Aposkkeit Fermiol.
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Tab6muua 5
BimisiHue pachl M HOPMbI BHECEHMST APOSKIKe
Ha Cofep>KaHue JIeTyYnX KOMIIOHEHTOB
B COPO’KEHHOM CyciIe

Hopma BHeceHus aposxokeii, mr/100 r cycia

ConmeprkaHue . SIHA Safbrew
JIeTy4MX KOMIIO- Fermiol activhefe 3 WB-06
HEeHTOB, MI/IM> o n =) n =) n
6e3BOAHOIO CIIMPTa ) < =) < =) <~
= = = = = =
= = ) ) ) a
Aueranbaerns, 2319 2003 2962 2718 4506 4302
IdTunauerar 233 180 151 131 262 243
MetaHon 2928 1933 3487 3004 3752 3392
Boicumive criupThl, B TY.: 4480 4057 4448 4095 4802 4440
— 1-nportanon 793 718 696 599 1551 1402
— M306yTaHon 1039 925 947 801 800 695
— Vizoamumiion 2648 2414 2805 2695 2451 2343
DHaHTOBBII 3GUP 50 49 32 30 48 45
DeHUISTUIIOBBIN CIUPT 222 202 199 181 363 318
Cymma neryumx 10387 8574 11371 10301 13884 12902
KOMIIOHEHTOB

*[Ipu ompefie/IeHUI CYMMBbI JIETYUMX KOMIIOHEHTOB YUMTHIBAIUCH BCE UAEH-
TUGUIMPOBAHHBIE JIETy4Ylie KOMIIOHEHThI, HEKOTOPbIE U3 HUX B MILTIOCTPA-
TUBHBIX MaTepyasax He peJCTaBIeHbl.

B 1LenoM wuccienoBaHMe AWHAMMUKY BbIJETE€HUST IUOKCU-
[la yIaepona, ompenesieHre KpernocTy 06pasioB Mpy BhIOPaH-
HOJ1 IJIUTEIbHOCTY TPOIIeCca M aHaju3 JeTyYnX KOMIIOHEHTOB
B COPOSKEHHBIX 00pasiiax Cycia IMOKa3bIBaeT, YTO MIpUMeHeHe
CIIMPTOBBIX Jposkkeit Fermiol mmeeT psia mpeumyliecTs, I0-
CKOJIbKY OHM IO3BOJISIIOT MHTEHCUGUIIMPOBATH Tpoliecc copa-
SKMBAHMSI M TIOJYUUTh COPO’KEHHOE CYCI0 C MaKCMMAaabHOM
KPEIOCThIO M MUHMMAJIbHBIM COepKaHMEM B HEM TaKMX Hera-
TUBHO BIMSIOIIMX HA KOHEUHBI MPOAYKT JETYUMX KOMIIOHEH-
TOB, KaK alleTa/IbJernI ¥ METaHOI.

4. 3akjI0ueHue

VCTAaHOBJIEHO, UTO IO CPAaBHEHUIO C KIYOHSIMM TONMHAM-
Oypa CylIeHbIii TOMMHAMOYp XapaKTepu3yeTcsl YIydlieHUeM
6VMOXMMIYECKOTO COCTaBa B CBSI3M C YBeIMYEHVEM B HEM HU3-
KOMOJIEKY/ISIPHBIX (ppakumit (GpPyKTO3aHOB U, KaK CJIe[CTBUE,
TTOBBIIIEHMEM CTETIEHM JOCTYITHOCTY TIOJIMMEDPOB ChIPhS K (ep-
MEHTaTUBHOMY Tuaponn3y. OlieHKa 6eJTKOBOrO KOMIIIEKCA ChI-
pbsl TIOKA3asa, UTO CYIIeHbIVi TOMMHAMOYpP XapaKTepusyeTcs
BBICOKMM COfiepskaHMeM PacTBOPUMBIX GEJIKOB, B MEPBYIO Ove-
penb anrbOyMMHOB, M CBOOOAHBIX aMUHOKMCIIOT, YTO TIO3BOJISIET
OLIEHUTb JAaHHbBIV BUJ CbIpbsSl KaK IOJIHOLIEHHBIN OIS a30THOT'O
MUTAHUS JPOKKENA.

PaspaboTaHbl peXVMHbIE TapaMeTpbl IBYXCTaAUIHOTO
crroco6a MoAr0OTOBKY CYIIEHOTO TOMMHAM6Ypa K AUCTUIISIINN,
BKJIIOUAIOIMEe Ha TEepPBOI CTaauyu TOJyYeHUEe OCaxXapeHHOro
cycna mpy ruapomonyie 1+4,5, mo3supoBKke MUKPOOHOM MHYIHN-
Hasbl 3,0-4,5 eq.MIH/T MHyAMHA CBIPBSI, TOAKMUCIEHNEM CPEIbI
no pH=4,5, npoBeneHue (GepMEHTATUBHOTO TUAPOIU3A TPU
temriiepatype 55 °C B TeyeHue 3 4acoB; Ha BTOPOI CTaguu pu
cOpakMBaHUM 0CAXapEeHHOTO CyC/Ia UCITOMb30BATh CyXye CIUp-
TOBbIE APoskKkK Fermiol, BHOCMMBbIe B KoauuectBe 100 mr/100 r
cycna, mpouecc BecTu Ipu Temmnepatype 28-30°C B TeueHue
3 yacos.
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1. Introduction

Recently, there has been a trend in Russia to change the
priorities of consumers when choosing strong alcohol prod-
ucts. Significant interest is shown in alcoholic beverages with
the flavor and taste of the raw materials, the choice of which
should be guided by a number of factors: the volume of its pro-
curement in the country and the absence of intense competition
with manufacturers of other industries; costs6 associated with
its acquisition, and their share in the cost of finished products;
peculiarities of biochemical composition, allowing to achieve
the required organoleptic parameters.

One of the promising types of new non-traditional for the
wine industry is Jerusalem artichoke. The natural and climatic
conditions of the Russian Federation make it possible to grow
this crop in sufficient quantities for production. In addition,
there is currently no competition between industries using Je-
rusalem artichoke as raw material. The wide interest in the use
of Jerusalem artichoke in several branches of the food industry
is explained by the high economic efficiency of production and
processing [1,2,3,4].

Fresh Jerusalem artichoke, in terms of storage, is a diffi-
cult raw material. According to the recommendations of GOST
32790-2014, it is stored in containers in clean, well ventilated
premises (vegetable stores, kagats) or cold rooms at tempera-
tures from minus 4 °C to plus 1°C and relative air humidity (85
... 90)%. German specialists consider Jerusalem artichoke tubers
exclusively as seasonal raw materials that can not be stored [5].

As an alternative, we can consider the option of using dried
Jerusalem artichoke — an industrial product. The advantages of
the latter include, first, the possibility of year-round production,
secondly, the stability of its biochemical composition and high
microbiological purity. In addition, the use of dried Jerusalem
artichoke makes it possible to significantly simplify the techno-
logical process, eliminating such operations as washing of raw
materials and its crushing.

The review of scientific and technical literature, devoted
to the processing of Jerusalem artichoke tubers shows that the
technologies, used in fermentation plants can be divided into
two classes. In accordance with the first, the raw material is sub-
jected to a two-stage treatment prior to rectification, that is,
first the sugared wort is obtained from the crushed material, and
then yeast is introduced into it and the fermentation process is
carried out. At the stage of obtaining the sugared wort by domes-
tic specialists, the perspective of enzymatic hydrolysis of inulin
of the raw material is shown to be due to its self-saccharifica-
tion under the action of its own inulinases [4,6]. The one-stage
schemes for the processing of Jerusalem artichoke tubers, which
do not provide for the stage of obtaining the sugared wort, are
offered mainly by foreign specialists. According to the French
scientists [7, 8], when processing Jerusalem artichoke tubers that
were not subjected to preliminary hydrolysis, it is inappropriate
to use yeast of the S. cerevisiae type, since they do not have inu-
linase activity. It is promising to use, in this case, a yeast of the
genus Kluyveromyces. Was carried out researches on fermenta-
tion of wort from Jerusalem artichoke with KI. marxianus [7,9,10]
and KI. fragilis [8] yeasts.

2. Materials and Methods

As a raw material in the work, were used tubers of Jerusalem
artichoke of the «Skorospelka» variety and samples of dried Je-
rusalem artichoke .

Analysis of the biochemical composition of raw materials in-
cluded the determination of the fractional composition of fruc-
tose containing carbohydrates of raw materials, carried out using
a scheme that included the separation of three fractions: FI —
reducing free sugars; FII — oligosaccharides and low molecular

29

FOOD SYSTEM | Volume 1l Nol | 2018

weight fractions of inulin; FIII — high-molecular fractions of inu-
lin [6]. The subsequent determination of sugars in the FI fraction
and hydrolysates of the FII and FIII fractions was carried out by
the method of high-performance liquid chromatography [11].

The fractional composition of proteins of dried Jerusalem ar-
tichoke was determined using the method of their isolation ac-
cording to T. Osborne, which provides for an exhaustive sequen-
tial extraction. At the same time, the albumin release was carried
out with distilled water, globulins — 10 % NacCl, prolamin — 70 %
ethanol and glutelins — 0.2 % NaOH solution [12]. The composi-
tion of free amino acids in the feedstock was evaluated using the
method of high-performance liquid chromatography [13].

The composition of the sugared wort and extract was studied
by determining the mass concentration of solids by a refracto-
metric method. The yield strength was determined in conven-
tional units: by the number of milliliters of wort, emanating
from the funnel through a nozzle of a certain size for the time
required to drain from the funnel 100 cm® of water or by the time
of the expiration of a certain volume of wort through the calibra-
tion hole. The expiration time was measured with a stopwatch.
The content of individual sugars by the method of high-perfor-
mance liquid chromatography [11].

When studying the composition of fermented wort, the dy-
namics of CO2 emission by weight method was determined,
the mass concentration of alcohol in fermented wort was de-
termined by the method of [14], the content of volatile compo-
nents by the gas chromatography method in accordance with
GOST 33834-2016.

3. Results and Discussion
3.1 Biochemical Composition of Jerusalem Artichoke

When evaluating the biochemical composition of Jerusalem
artichoke, the main research of scientists is aimed at studying
its carbohydrate complex [3, 6, 15], which is based on fructose
and its polymers of varying degrees of complexity, the highest
homologue of which is inulin — the highest molecular weight
among fructosans. At present, it is believed that inulin belongs
to the group of polyfructosans with the empirical formula
(C6H1005) and is a polyfructose chain in which the D-fructose
residues (up to 96 %) are bound by a B-2,1 bond, with each chain
from the unreduced end ends with a D-glucose molecule (up to
6 %), connected with fructose by a B-1,2-bond.

When choosing technological regimes for preparing Jerusa-
lem artichoke for fermentation, it is necessary to take into ac-
count not only the total content of fructose containing compo-
nents, but also their fractional composition, since the process of
enzymatic hydrolysis of carbohydrates of raw materials depends,
first, on the ability of polymers to pass into a soluble state, and
secondly, on the degree of their polymerization. When analyzing
fresh tubers of Jerusalem artichoke, it is established (Table 1)
that carbohydrates in raw materials are dominated by fractions
of FII and FIII, their content varies accordingly (29.1 ... 33.9)%
and (41.0 ... 54.4)%. In the samples of dried Jerusalem artichoke,
were revealed significant changes in the fractional composition
of these components.

Table 1
Fractional Composition of Fructose-Containing
Carbohydrates in Jerusalem Artichoke

Content,% in Dry Matter (DM)

Fraction Jerusalem Artichoke Dried Jerusalem
Tubers Artichoke
FI 1.5%0.2 6.6 0.3
FII 32.0%£1.9 50.4+3.5
FIIT 47.7+6.7 11.1+24
Fraction S 79.5+8.8 68.1+6.2
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It is established that during the drying of raw materials, the
content of low-molecular fractions increases in it. The amount
of free reducing sugars increases by an average of 3-4 times,
the fraction of FII increases by more than 1.5 times. This fact
is connected with the process of enzymatic hydrolysis of high
molecular weight fractions of inulin under the action of the own
inulinases of raw materials (according to the data of domestic
scientists, the total hydrolase activity in the tubers of Jerusalem
artichoke is 3.3 to 4.5 units/g of inulin of the raw material [16]).

In addition to carbohydrates, Jerusalem artichoke tubers
contain nitrogenous substances, micro- and macro elements,
and vitamins. The content of nitrogenous substances varies in
the range from 4.3 to 11.0% [17]. Proportion of protein nitro-
gen accounts for 57-59%, non-protein — 41-43%. Ukrainian
researchers [18] found that the balance of irreplaceable amino
acids, Jerusalem artichoke exceeds the grain of cereals.

Analysis of the protein complex of samples of dried Jerusalem
artichoke showed that the main proteins in them are albumins,
the mass fraction of which varies within 2.5-3.3%, the content
of globulins is 0.24-0.33%. In the samples of dried Jerusalem
artichoke, obtained from the tubers of the «Skorospelka» variety,
prolamins and glutelins were not found (Table 2).

Table 2
Content of Protein Fractions
in Dried Jerusalem Artichoke
Nitrogen Fractions (in % of Total Protein Nitrogen)
g g
£ £ 5 2 E 2o
E E g 5 z Ef
=3 = — - ] O =
= = 2 = 5 29
< S & o z Ry
59.9+1.6 5.5+0.4 - - 29.6 +1.3 6.0+£2.4

It is known that the protein fraction of the raw material has
a different substrate specificity. Water- and soluble proteins are
more easily subjected to enzymatic hydrolysis, since they are hy-
drophilic, unlike prolines and glutelins. In general, despite the
general low protein content in Jerusalem artichoke, compared
with its content in grain (average 10-13 %, among them soluble
proteins — no more than 30 %), this kind of raw material, from
the point of view of its nitrogen content, can be consider full.

Also in [19] was researched the composition of free amino
acids in samples of dried Jerusalem artichoke. It has been es-
tablished that the main ones are glutamic acid, glutamine, as-
paragine, arginine and threonine. It is known that the amino
acid composition of the raw material can influence on the course
of the fermentation process and on the characteristics of the
finished product, since certain amino acids are the precursors
of the formation of a number of higher alcohols. For example,
threonine, valine, leucine and phenylalanine can increase the
content of alcohols in fermented wort such as propyl, isobutyl,
isoamyl and 2-phenylethanol, respectively. Higher alcohols are
the most important volatile constituents of alcoholic beverages.
Moreover, the organoleptic characteristics of the finished prod-
uct are affected not only by the content of individual alcohols,
but also by their ratio.

In general, the use of dried Jerusalem artichoke for the pro-
duction of alcoholic beverages based on distillates, compared
with the use of fresh tubers has the following advantages:
possibility of off-season processing;
stability of the biochemical composition of raw materials
and increase of its microbiological characteristics;
simplification of the technological scheme of processing;
depolymerization of the main carbohydrate components
of raw materials and, as a consequence, increase of their
accessibility to enzymatic hydrolysis;
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— the usefulness of the protein complex, due to the high
content of soluble proteins and free amino acids.

3.2The Step of Obtaining Saccharified Wort

When developing a new highly effective technology for alco-
holic beverages from dried Jerusalem artichoke at the first stage
of the work, it was necessary to establish the patterns of change
in the carbohydrate complex of the raw material in the process
of obtaining the saccharified wort.

As a method of depolymerization of raw materials fructo-
sans, among known, fermentative was chosen. In studies for the
hydrolysis of fructose-containing carbohydrates of dried Jerusa-
lem artichoke, was used an enzyme preparation of domestic pro-
duction, containing Inul A. Awamori microbial exoinulinase [20].

The experiments were carried out in two versions: variant
A — raw materials polymers hydrolysis under the influence of
their own inulinases of Jerusalem artichoke; variant B — hydro-
lysis with the combined action of inulinase of raw materials and
microbial exoinulinase in the dosage adopted during hydrolysis
of starch-containing raw materials — 7.5 units/g of inulin raw
material.

The results of the studies (Table 3) showed that the maxi-
mum permissible value of the hydromodule, estimated by the
fluidity of technological media, corresponds to 1: 4.5 (the value
should not exceed 10 s). The introduction of a microbial enzyme
preparation with an active exoinulinase had practically no effect
on fluidity.

Table 3

Influence of Hydromodule on the Obtaining Saccharified

Wort Process from Dried Jerusalem Artichoke

Concentration,%

gzccll:ﬁé Flowability, s Wort Extract
A B A B A B
1:6 4 4 12.5 134 3.1 3.2
1:5.5 5 4 13.9 14.5 3.4 3.5
1:5 6 5 15.0 16.0 3.7 3.8
1:4.5 8 6 17.0 17.3 4.0 4.1
1:4 25 18 17.5 18.0 4.3 4.4

It was found, that the concentration of wort with a decrease
in the hydromodule naturally increased (according to variant
A — from 12.5 to 17.5%, according to variant B — from 13.4 to
18.0%). However, when converted to a 1: 6 hydromodule, it prac-
tically did not change, it decreased only when the hydromodule
was 1:4, which confirmed the production of media with a diffi-
cult transfer of raw solids to a soluble state due to the complex-
ity of diffusion processes.

The efficiency of processing the raw material at the stage of
obtaining the saccharified wort in the work was also evaluated
by the effect of the hydromodule on the concentration of the ex-
tract, the product obtained by mixing the saccharified wort with
a large amount of water, followed by filtration. This index, as
shown in [21], makes it possible to obtain data on the maximum
possible conversion of raw solids to a soluble state.

Also, the dosage of the enzyme preparation varied from
1.5 to 7.5 units/g inulin of the raw material. The wort was pre-
pared according to the selected hydromodule (1:4.5), the hydro-
lysis process was carried out at the natural pH of the medium
(pH 6.0), the processing time at 55°C was 3 hours (the recom-
mended regime parameters for obtaining the wort from the tu-
bers of Jerusalem artichoke [6]). Two variants of wort prepara-
tion were considered in the work: variant I — without the use of
microbial protease (enzyme preparation of proteolytic action of
Neutrase 0.8 L), variant II — with the use of microbial protease.
The purpose of the research on the second option was to identify



MULLEBDIE CUCTEMbI | Tom1Nol | 2018

the possibility of increasing the efficiency of the preparation of
dried Jerusalem artichoke for distillation, since earlier in work
[22], devoted to the study of the process of obtaining clarified
saccharified wort from fresh tubers of Jerusalem artichoke, it was
shown that the use of Neutrase 0.8 L. — a drug, with endopro-
teinase activity increases the conversion of raw fructosans into
a soluble state due to their release from the bound state to the
protein (the recommended dosage of Neutrase were 0.01-0.02
units PS/g of protein raw materials).

It was established that the content of reducing sugars with
increasing dosing of microbial inulinization naturally increased
[23]. From the economic point of view, inulin dosage is preferred
at the level of 3.0-4.5 units/g of the raw material inulin.

As is known, the process of enzymatic hydrolysis of polymers
of raw materials proceeds in time. When obtaining the wort
from the Jerusalem artichoke tubers, a duration of three hours
was chosen [6]. The study of the dynamics of the change in the
concentration of dry substances and free reducing sugars during
processing of dry Jerusalem artichoke also allowed to justify the
duration of the process — 3 hours [23].

When developing highly effective food technologies based
on the enzymatic hydrolysis of polymers of plant raw materi-
als, it is necessary to take into account the whole complex of
processes occurring in it under the action of both own enzymes
and those introduced with enzyme preparations. It is necessary
to take into account the following main factors: first of all, these
are the peculiarities of the biopolymers of this plant material,
the heterogeneity of the substrate, the presence of various effec-
tors capable of activating and/or inhibiting both endogenous en-
zymes and enzymes in the composition of enzyme preparations.

One of the factors determining the efficiency of enzymatic
hydrolysis of raw polymers is the creation of an optimal pH of
the technological medium. When processing dried Jerusalem
artichoke at the selected hydromodule (1 + 4.5) the pH of the
medium is at the level of 6.0-6.5. The microbial enzyme prepa-
ration Inul A. Awamori, which possesses exoinulinase activity,
showed, according to the manufacturer’s data [20], the maxi-
mum activity at pH=4.0—4.5; enzyme preparation Neutrase 0,8 L
and own inulinases of raw materials at pH=6.0-6.5.

It was also taken into account that, in comparison with grain,
which is proposed to be used as the main raw material for the pro-
duction of distillates and spirits on their basis [24,25,26], Jerusa-
lem artichoke contains an increased amount of pectin substances.
Among them, insoluble protopectin predominates [27], which
should be considered positive from the point of view of this type
of raw material. At the same time, Jerusalem artichoke pectin is
characterized by a high degree of methoxylation, that is, in the
case of enzymatic hydrolysis of raw materials, pectin esterase may
accumulate excess methyl alcohol content in the final product.

The data on pektinesterase of Jerusalem artichoke make it
possible to predict the content of methanol in the product and
recommend, on the basis of theoretical assumptions, optimal
technological parameters at all stages of tuber processing. It was
found that the pectin-esterase activity of Jerusalem artichoke
varies in the range of 0.22-0.35 units/g, which, at first glance,
characterizes it as low. However, with its calculation for 1 g of
pectin raw material figures increase significantly (an average of
40 units/g). Moreover, it was revealed that the Jerusalem arti-
choke pectin esterase exhibits maximum activity in a neutral
medium at pH=6.0-7.0. By acidifying the wort to a pH of 4.5-5.0,
its activity can be reduced by 25-50%. Such a technique, as is
known, also leads to an improvement in the microbiological pu-
rity of fermentable wort.

The data on the influence of the regime parameters of the Je-
rusalem artichoke processing on the content of individual sugars
in the saccharified wort are presented in Table 4.
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Table 4
Influence of Regime Parameters of Jerusalem Artichoke
Processing on the Content of Individual Sugars
in Saccharified Wort

Saccharified Wort Samples
Sugars Content,

(pPH=6,00) (pH=4,5) (pH=6,0) (pH=4,5)
Fructose 5.62 8.80 6.57 9.16
Glucose 0.90 2.02 1.08 2.13
Sucrose 2.18 1.06 2.08 1.05
Trifructosane 0.11 0.09 0.08 0.10
Sugars Sum 8.80 11.97 9.81 12.44

* Without use of microbial protease
** With the introduction of microbial protease

The obtained data allow us to draw the following conclusions.
Acidification to pH=4.5 increases the total content of sugars in
wort by 26.8-36.0 % compared to samples obtained at a natural
pH=6.0, mainly due to an increase in the mass fraction of fruc-
tose and glucose. The content of sucrose, conversely, decreases
almost in 2 times. Most likely this fact is related to the creation
of more optimal conditions for the action of microbial inulinase.

The supplemental application of microbial endoproteinase
in the variant without acidification raises the total sugar content
by 11.5% (samples 01 and 03), with acidification this increase
is about 4 %, that is, in the variant with acidification of the me-
dium, the effectiveness of Neutrase activity 0.8 L decreases and
its the introduction becomes economically impractical.

In general, and taking into account the results of the stud-
ies, presented in work [28] of identifying the effect of the regime
parameters of dried Jerusalem artichoke processing on the car-
bohydrate and protein composition of the saccharified wort, two
options for preparing the raw materials for fermentation are rec-
ommended:

— Option 1 — additional application of Neutrase 0.8 L and
processing of raw materials at the natural pH of the batch.
— Option 2 — acidification of the batch to pH 4.5 and process

without additional application of Neutrase 0.8 L.

The advantage of one of the two variants was determined
after experiments on fermenting the saccharified wort samples
and analysis of fermented wort on the strength and content of
individual volatile components.

3.3 Fermentation stage of Saccharified Wort

Fermentation is one of the main stages in the production of
distillates, during which the initial formation of quality indices
of the product takes place under the action of the yeast enzyme
complex.

The effectiveness of the fermentation process of inulin-con-
taining raw materials depends on a number of factors, including
the chemical composition of the wort, its concentration, the de-
gree of hydrolysis of the raw material polymers, the used yeast
races, the physiological state and metabolic features, the duration
of fermentation, and the temperature regimes of the process.

At the first stage, the process of fermenting the saccharified
wort from dried Jerusalem artichoke was carried out, using dry
alcohol (Fermiol), wine (SIHA activhefe 3) and brewing (Safbrew
WB-06) yeast. It is known that an increase in the rate of applica-
tion of yeast intensifies the process of fermentation, especially
at the first stages. Given the high content of potentially ferment-
able carbohydrates in dried Jerusalem artichoke, represented
mainly by oligosaccharides and low molecular weight fractions
of inulin, experiments were performed to vary the norm of the
yeast problem. The CO, emission curves for fermenting sacchari-
fied wort were removed (the rate of yeast application was 50, 100
and 200 mg/100 g of wort) [29].



MULLEBDIE CUCTEMbI | Tom1Nol | 2018

Analysis of the data obtained to reveal the following depen-
dences:

— the use of yeast in the amount of 50 mg/100 g of wort doesn’t
not allow the fermentation process to be completed in the
study period (72 hours);

increasing the yeast rate from 100 to 200 mg/100 g of wort
makes it possible to increase the amount of released CO, at the
initial stage of fermentation, however, it doesn’t affect the final
fortress of fermented wort and the duration of the process.

In addition, the work calculated the yield of anhydrous alco-
hol from 1 ton of raw materials. It is established that the use of
dried Jerusalem artichoke as a raw material is characterized by
high yields (in the best versions at the level of 41.4-41.7 dal / t
of raw materials). For example, when processing starch-con-
taining raw materials (grains with comparable moisture values
with the proposed new raw material type), this indicator aver-
ages 30.0-32.0 dal / t. Such a high yield of anhydrous alcohol
in the case of the use of dried Jerusalem artichoke is primarily
related to the content of inulin, the mass fraction of which in a
specific sample was 69.1 % (in cereals this indicator is at the level
of 50.0-55.0%).

When developing the technology of a new alcoholic bever-
age from dried Jerusalem artichoke, in addition to the yield of
anhydrous alcohol from a unit of processed raw materials, the
qualitative characteristics of the intermediates of production, in
particular fermented wort, were determined that directly affect
on the organoleptic characteristics of the final product.

Were found significant differences in the content of individ-
ual volatile components in the samples, depending on the race
of used yeast (Table 5).

Table 5

Influence of Race and Rate of Yeast Application on the

Content of Volatile Components in Fermented Wort

Rate of Yeast Application, mg/100 g of the
Wort

. . SIHA Safbrew
V%f;i‘:nctfﬁg/%ﬁ?t Fermiol activhefe 3 WB-06
of Anhydrous Alcohol o n o n P n
© < © < ) <
Il Il I I Il Il
o e e er) er)
) [ a, ) a a

Acetaldehyde 2319 2003 2962 2718 4506 4302

Ethyl Acetate 233 180 151 131 262 243

Methanol 2928 1933 3487 3004 3752 3392

Higher Alcohols,

Including: 4480 4057 4448 4095 4802 4440
— 1-propanol 793 718 696 599 1551 1402
— Isobutanol 1039 925 947 801 800 695
— Isoamylol 2648 2414 2805 2695 2451 2343

Enanthic Ether 50 49 32 30 48 45

Phenylethyl Alcohol 222 202 199 181 363 318

Volatile Components 1307 g574 11371 10301 13884 12902

Sum*

*When determining the amount of volatile components, all identified volatile
components were taken into account, some of them are not represented in
the illustrative materials.
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The use of alcoholic yeast Fermiol is characterized by a
lower content of acetaldehyde and methanol in the fermented
wort, which should be considered positive when evaluating
the volatile components of these samples. The total content
of higher alcohols varies from 4057 to 4802 mg/dm?® of anhy-
drous alcohol. Moreover, the use of alcohol and wine yeast al-
most equally affects on the value of this indicator, the use of
brewing yeast increases it. In addition, there were significant
differences in the content of individual higher alcohols in the
samples.

Obtaining the wort with acidification of the medium to
pH 4.5 with all yeast races has a positive effect on the composi-
tion of the volatile components of the fermented wort. It was
found that the content of acetaldehyde, a component, which
negatively affecting the organoleptic characteristics of the final
product, is reduced by an average of (5 ... 15)% (the latter val-
ue corresponds to a sample, obtained with use of alcohol yeast
Fermiol); methanol — an impurity, characterizing the safety of
products and regulated in the production of alcoholic beverages,
is reduced by 10-35 %, the greatest degree also with the use of
alcoholic yeast Fermiol.

In general, the study of carbon dioxide evolution dynamics,
the determination of the samples strength at the chosen process
time and the analysis of volatile components in fermented wort
samples shows, that the use of Fermiol alcohol yeast has sev-
eral advantages, since they allow intensifying the fermentation
process and obtaining fermented wort with maximum strength
and minimum content in it has such negative effects on the fi-
nal product of volatile components, such as acetaldehyde and
methanol.

4. Conclusion

It is established that, in comparison with the tubers of Je-
rusalem artichoke, dried artichoke is characterized by an im-
provement in its biochemical composition due to the increase
in it of low-molecular fractions of fructosans and, as a conse-
quence, by an increase in the availability of polymers of raw
materials to enzymatic hydrolysis. Evaluation of the protein
complex of raw materials has shown that dried artichoke is
characterized by a high content of soluble proteins, primar-
ily albumins, and free amino acids, which makes it possible to
evaluate this type of raw material as high-grade for nitrogen
nutrition of yeast.

Were developed the regime parameters of the two-stage
method for the preparation of dried Jerusalem artichoke for
distillation. They include, in the first stage, the preparation
of saccharified wort with the hydromodule 1 + 4.5, the dosage
of microbial inulinase of 3.0-4.5 units of IN/g of inulin of the
feed, acidification of the medium to pH 4, 5, carrying out enzy-
matic hydrolysis at a temperature of 55°C for 3 hours; in the
second stage, fermented saccharified wort should use dry alco-
holic yeast Fermiol, introduced in the amount of 100 mg/100 g
of wort, the process is conducted at a temperature of 28-30°C
for 3 hours.
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KN CJIOMOJIOYHBIN MMPOJA VKT TEPOHTOJIOTMYECKOT O
HA3HAYEHUS HA OCHOBE KOMIIOHEHTOB
IIEPEPABOTKU AMAPAHTOBOU MYKH
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AHHOTALINA

B cBs131 € TEM, UTO B TIOKMJIOM M CTAPUECKOM BO3PACTe BO3HMKAET OITaCHOCTb HeJJOCTAIOIIEro MOCTYIUIEHMSI B Op-
raHU3M TOJHOIIEHHOTO 6esika, 61omornyecky 3pQGeKTUBHOrO KMpa ¥ MUHEPATbHBIX BEIIECTB, LeTbI0 JaHHbIX
UCCIeJOBAaHMIi SIBWJIOCh pa3paboTKa KUCIOMOJIOUHOTO HAaMTKA HAa OCHOBE KOMITOHEHTOB (PPaKIMOHMPOBAaHMS
aMapaHTOBO# Myku. TeopeTuuecku 060CHOBAHO MCITO/Ib30BaHMe 6eIKOBOTO KOHIIEHTpaTa KaK (QYHKIMOHAIbHO-
TO MHTpEeAVMEHTA [Isl SMYJIbIMPOBAaHMS aMapaHTOBOTO Macja, CofepsKaliero coaylaHCMPOBAaHHOE COOTHOIIEHNE
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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FERMENTED DAIRY PRODUCT FOR GERONTOLOGICAL
APPOINTMENTS BASED ON AMARANTH

PROCESSED PRODUCTS

Valentina V. Kolpakoval,* Nataliya A. Tichomirova?, Irina S. Gaivoronskaya!, Nikolai D. Lukin!
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Moscow State University of Food Production, Moscow, Russia

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-

OIS HUTUPOBAHNS: Konnakosa B.B., Tuxomuposa H.A., l'aiiBoponckas 11.C.,
Jlykun H.J. KuciomonouHslit IPOAYKT FepOHTONOTMYeCKOro Ha3HaueHus Ha Oc-
HOBEe KOMIIOHEHTOB I1epepaboTKM aMapaHTOBO MyKu. [Tuwjessie cucmemsl. 2018;
1(1): 35-45.DOI: 10.21323/2618-9771-2018-1-1-35-45

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,

FOR CITATION: Kolpakova V.V, Tichomirova N.A., Gaivoronskaya I.S., Lukin N.D.
Kuciomonounslii  MPOAYKT TepPOHTOIOTMYECKOT0 Ha3HAyeHUsT Ha OCHOBE
KOMITOHEHTOB IepepaboTKy aMapaHTOBO MyKku. ITuwessie cucmemsl. 2018;
1(1): 35-45.DOI: 10.21323/2618-9771-2018-1-1-35-45
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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.
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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].

— 100

©

)

<) 80

=]

€ 60

°c

i 3 40

(=]

°\. 2 2

= a

= 0

o

S 2.0

(<) 12.5

w 9.9
pH values

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
10,00
0,00
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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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