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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.
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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
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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

Q
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