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1 Bamkupckuii rocy1apcTBeHHbIH arpapHblid yHHBepcuTeT, S0-netust OkTs0ps, 34, r. Yba, 450005, Poccus
AHHoTanms. BaxHoll 3amaueil mMpoM3BOACTBa MUBA SBISETCS MOBBIMICHUE (U3HOJIOTHUECKONH AKTHBHOCTH JAPOXIKEH € LENbI0
uHTeHCH(uKauuu nporecca Opoxenus. s uccienoBaHusi ObUIM BBIOpaHBI CyXHE HHBHBIE IPOMOKH BEPXOBOTO OpOXKCHUS
Saccharomyces cerevisiae, Fermentis, Safale T-58, France. PaccMoTpeH croco0 akTHBAlMH THBHBIX JAPOXIKEH YJIBTPa3BYKOM C
yacToToi Konebanus 44 k['1. YibTpa3ByKoOBBIE TEXHOJIOTUH MO3BOJIAIOT PE3KO MHTEHCH(HIIMPOBATH TEXHOJIOTMIECKHH IIPOIecCe U
TIOBBICUTH KadeCcTBO TOTOBBIX M3zenuid. MccrnenoBanus nmpoBoAwINCE B labopaTopun balkupckoro rocy1apCcTBEHHOTO arpapHOro
YHHBEpCUTETa Ha mpudope yibTpazBykoBoir 06padoTkn VGT-800. I mccinenoBaHus TOTOBIIH IPOXKIKEBYIO CYCIIEH3UIO, KOTOPYIO
TIOMETIIAJH B yIbTPa3BYKOBYIO YCTAHOBKY M IOABEPTaIN YIbTPa3ByKOBOMY BO3JIEHCTBHUIO IpH YacToTe Koedannii 44 kI 1. B mponecce
BO3/IEHCTBUS KaxIyto MUHYTY ¢ 1 mo 20, u 25, 30, 35 MUH U3MepsUIH TeMIepaTypy U U3ydalld BEDKHBAEMOCTh KJIETOK JPO}OKEH 1o
IPOLIEHTY MEPTBBIX KJICTOK. Y CTaHOBMIHM, YTO IPH BO3AEHCTBUU yJIbTpa3Byka uaeT Harpes cpeabl Ha 1 °C B 1 muH u k 40-if Mux
00paboTKH cpena aocturaeT Temmepatypsl 57 °C. M3yyamu mpoIeHT MEPTBBIX KICTOK B 0OpaboTanHoOU cpene. OIHOBPEMEHHO U3
Ka)XJ0ro oOpasma BBHIBOAWIN YHCTYIO KyJIbTypy ITyTeM BBICEBAa Ha CycJo-arap Ul IPOBEICHUs MaTbHEHIINX HCCIEIOBaHUH II0
COXPAaHHOCTH HPHOOPETEHHBIX CBOHMCTB. Jpoxoku, oOpaGOTaHHBIE YIBTPa3BYKOM, CIYXKWJIM B KadecTBE 3aCEBHBIX Ha JTame
cOpakuBaHUSI TIMBHOTO cycia. bpoxkenwme npoBomwmm mpu Temmeparype 22 °C. B mpomecce OposkeHne KOHTPOJIMPOBAIIH
Mopdoornueckne MpU3HAKU JPOXOKeH: 00IIee KOITMIECTBO KIETOK, KOJINIECTBO MTOYKYIOIUXCS KIETOK, KIETOK ¢ TIuKoreHoM. Ipn
cOpaXuBaHUM NHBHOTO Cyclla OpOJUiIbHAas aKTUBHOCTh yBeIH4IMnach Ha 36% B ombiTe 2 mpu 00pabOTKE 3aCEBHBIX APONOKEH
YJIBTPa3ByKoM B TedeHue 2 MuH. OcTanbHble 00pa3ibl HE3HAYUTEIFHO OTINYAIUCH OT KOHTPOJIS MEpBbIe 72 4 OpOXKEHUS U TEPSAIU
OponmiibHyI0 akTHBHOCTH mociie 80 4 OpokeHus. OU3MKO-XMMHUUECKUE MOKA3aTeNId TOTOBBIX 00pa3loB MHUBa OBUIM W3Y4YEHBI Ha
npubope «Komoc-2».
KuroueBble ci10Ba: IpoXOKH, YIBTPa3ByK, OpOXKeHHUE, TUBO
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Abstract. An important task of beer production is to increase the physiological activity of yeast to intensify the fermentation process.
Dry top-fermented brewer's yeast Saccharomyces cerevisiae, Fermentis, Safale T-58, France were selected for the investigation. The
method of activation of brewer's yeast by ultrasound with a vibration frequency of 44 kHz was studied in the work. Ultrasonic
technologies can dramatically intensify the process and improve the finished products quality. The studies were carried out in the
laboratory of the Bashkir State Agrarian University on the ultrasonic processing device VGT-800. A yeast suspension was prepared
for the study. It was placed in the ultrasonic device and subjected to ultrasonic treatment at a vibration frequency of 44 kHz. During
exposure, the temperature was measured every minute from 1 to 20, and 25, 30, 35 min, and the yeast cells survival by the dead cells
percentage was studied. It was found out that under the influence of ultrasound, heating of the medium at 1 ° C for 1 min takes place,
and the medium reaches the temperature of 57 © C by the 40th min of treatment. The percentage of dead cells in the treated medium
was also studied. At the same time, a pure culture was selected from each sample by plating on wort agar for further research on the
safety of acquired properties. Ultrasound-treated yeast served as inoculum at the fermentation stage of beer wort. Fermentation was
carried out at a temperature of 22 ° C. Morphological characteristics of yeast were monitored during fermentation: the total number of
cells, the number of budding cells, cells with glycogen. When fermenting beer wort, the fermentation activity increased by 36% in
experiment 2 during the treatment of sowing yeast with ultrasound for 2 min. The remaining samples differed slightly from the control
during the first 72 hours of fermentation and lost their fermentation activity after 80 hours of fermentation. The physicochemical
parameters of the finished beer samples were studied on the "Kolos-2" device.
Keywords: yeast, ultrasound, fermentation, beer.
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BBenenue

JpooKH ABISIFOTCS yTOOHBIM 0OBEKTOM ISt
uccrenoBanusi. OCHOBHBIMH TPeOOBaHUSMU K IPOIK-
KaM B OpOIVIHHOW TPOMBIIIICHHOCTH SIBIISIETCS
BBICOKass OpOoAMIbHAsI aKTHBHOCTh, CKOPOCTh pa3-
MHOXEHHUSI M TIyOOKas CTeleHb COpaKMBaHHS.
OnHO U3 BaYKHBIX 3a]1a4 TPOU3BOJICTBA MUBA — IO~
BBIIIICHNE (DU3HOJIOTHYECKON aKTHBHOCTH APONOKEH
C LIETIbIO COKPALIEHHS CPOKOB OPOJKEHUS.

AKTHBHpOBaHHNE JPOXOKEH Tepes BBEACHUEM
B CYCJIO OCYIIECTBIISIETCS IByMsI METOAAMU: (PH3H-
YECKUM U XUMHYECKUM. Xumuueckas axmueayusl
Opodicorcell, BKIIOYAET HCIIONb30BaHUE aHTHMUK-
pOOHBIX TpemnaparoB, (EPMEHTHBIX MPENapaToB,
CHENUATBHBIX TOAKOPMOK JUISt JPOXOKeH, MHUHe-
panpHBIX BemecTB (Zn, Fe, Cu, Se), BuUTaMUHOB.
Qusuueckas axmueayus OpodcHcell BKIIOYACT:
BO3EHUCTBHUE TEMIIEPATYPOH, ONITUUECKOE U3ITyUEHHE,
yIbTpadHUOIeT, MarHUTHOE II0Jie, TTOCTOSIHHBIN
JNEKTPUYECKAN TOK, DSJEKTPOMArHUTHOE IIOJIe,
3JIEKTPOJIN3, THAPOMOHU3ALUIO, a3POHMOHHU3AIINIO,
KOMILJICKCHYIO 3JIEKTPOHHO-HOHHYIO 00padoTKy,
yabTpasByk [1-3, 6-8].

VYIITpa3ByK — 3TO 3BYKOBBIE BOIHBI, UMEIOIINE
gacroty Bbie 20 000 I'n. YacroTa ynpTpa3ByKOBBIX
KoJIeOaHUH, MPUMEHAEMBIX B MPOMBIIIIEHHOCTH
W OHOJIOTWH, 4Yalle BCEro JICKHT B JHara3zoHe
OT HECKOJIbKUX JecsaTKOB Kl 11 1o equuui MI 1.

YnpTpa3Byk 00iamaeT MUPOKUM CIIEKTPOM
JIEHCTBUS HA MUKPOOPTaHU3MBI: OT CTUMYJIUPYIO-
hiero Jo JAe3uHTerpupytomero. JlesumHrerpanus
KJIETOK JPOXKEW YIbTPa3BYKOM CIIOCOOCTBYET
BBIXO/Iy B OKCTPAKT OHOJOTHYECKH aKTHBHBIX

BemiecTs [4]. IIpuMeHeHne yapTPa3ByKOBBIX yCTa-
HOBOK Ha TMHBOBAPCHHBIX 3aBOAAX MO3BOJISIET
3HAYUTENLHO COKPATUTh pacxoj] xmeist. Kpome
BCErO IMPOYEro MACTEPU3AlMI0 IMHBA H COKOB
MOXHO TaK»X€ BBIIIOJHATE C HCIOJIB30BAHUEM
VIIbTpa3Byka — KaK OJMH W3 BHUJIOB XOJIOJHOW
nacrepusaiu [5, 9-12].

MaTepI/IaJ'[bl U METOAbI

Jns wuccnemoBanus ObBUIM  BBIOpAaHBI CyXHe
MHUBHbIC APOXOKU BEPXOBOro OpoxxeHus Saccharomyces
cerevisiae, Fermentis, Safale T-58, France.

Ha mepBoHavansHOM 3Tame uccienoBaHus 1 T
Cyxux Aposxoker pasBommmu B 200 M mabopaTopHOTO
cycia, IPUTOTOBJIEHHOTO TI0 CTaHAAPTHOW TEXHOJIOTHH.
BoeiiepxuBanu 30 muH npu  Temmneparype 20 °C.
KonuuecTBo KMBBIX KIeTOK cocraBuino 1x108/1 mi.
ITomyueHHyI0 ApPOXKEBYIO CYCIEH3UIO IOMELaIn
B YJBTPa3ByKOBYIO YCTaHOBKY M HOABEPrail yIbTpa-
3BYKOBOMY BO3ZICHCTBHIO IIPH YacTOTe KoneOanmii 44 k[ 11.
B nporiecce BozneicTBUST Kaxkayt0 MUHYTY ¢ 1 1o 20,
u 25, 30, 35 MUH U3MepsUId TeMIepaTypy ¥ HU3ydald
BBDKMBAEMOCTh KJICTOK JPOOKEH IO MPOIEHTY MEPTBBIX
KieToK. OHOBPEMEHHO M3 KaXKI0ro 00pasla BHIBOIIIIN
YHCTYIO KyJIbTypy ITyTe€M BBICEBa Ha CycCJIO-arap.

O06paboTky nocie 20 MUH MPOBOJIMIN C IIarOM
B 5 MHH, TaK KaK Temreparypa cpezasl npesbicuna 37 °C.

PesyabTarhbl

B nony4eHHbIX 00pa3uax NpOBOAMIH 3aMep
TeMIIepaTypbl KXyt MUHYTY (Tabnuia 1).

W3 tabmuiet 1 BUIHO, 9TO TIPU BO3ACHCTBUN
yibTpa3ByKa unet Harpes cpeasl Ha 1 °C B 1 muH,
u Kk 40-if MuH 00pabOTKH cpela JOCTUraeT TeMIIe-
patypsl 57 °C. U3yuanu mpoLeHT MEPTBBIX KIETOK
B 00paboTanHoii cpene (pucyHoK 1).

Tabnuna 1.
Biusaue npoobKUTEeIFHOCTY BO3ICHCTBUS YIbTpasByKa (Y 3) Ha TeMIiepaTypy JpPOKKEBOU CYCIICH3UH
Table 1.
The effect of the duration of exposure to ultrasound (US) on the temperature of the yeast suspension
HpOIIE)H)KI/ITeJ'IBHOCTB Temneparypa, °C HpO}IE)J'[)KI/ITeJ'IBHOCTB Temneparypa, °C
BO3JICHCTBHS V3, MHH Temperature, °C BO3JICHCTBHS V3, MHH Temperature, °C
Duration of exposure US, minutes ' Duration of exposure US, minutes '
1 18 12 29
2 19 13 30
3 20 14 31
4 21 15 32
5 22 16 33
6 23 17 34
7 24 18 35
8 25 19 36
9 26 20 37
10 27 30 47
11 28 40 57
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Pucynok 1. BimsiHuEe TPOAOIDKUTEIHHOCTH YABTPA3BYKOBOTO BO3EHCTBIS Ha BEDKUBAEMOCTD JPOKIKEN
Figure 1. Effect of duration of ultrasonic exposure on yeast survival

B pesynpTare npoBeeHHOTO 3KCIIEpUMEHTa
YCTaHOBJICHO, YTO HaYMHAs ¢ 5-i MHH 00paboTKH
MPOLIEHT MEPTBBIX KJIETOK MPEBBIIIAET JOITyCTUMbIE
HOpMBI. /{151 cTaguu BeIpallluBaHUs JPOXOKEN MPO-
IIEHT MEPTBBIX KIIETOK HE TOJDKEH npeBbimath 10%.

Hpoxoxu, 0o0paboTaHHBIE —YIBTPa3BYKOM
B Teuenne 1-10 mun (ombrT 1-10), ciryxnnm B Ka-
YEeCTBE 3aCEBHBIX Ha 3Tare cOpaknuBaHUs TUBHOTO
cycna. bpokeHre mpoBOIWIM TpU TeMIIepaType
22 °C. B mporecce OpOoXeHHS KOHTPOJIHPOBATH
yosute CO2 BECOBBIM METOJOM (PHCYHOK 2) U H3Y-
Yasi MOpGOIOrHyYecKre NPU3HAKK JPOXOKEH: olIiee
KOJIMYECTBO KIIETOK, KOJMYECTBO MOYKYIOIIUXCS
KJIETOK, KJIETOK C TIIMKOT€HOM (pUCYHKH 3-5).

IIpn cOpaxuBaHMKM MUBHOTO cycia Opo-
MWIbHAs aKTUBHOCTh yBenn4miach Ha 36%

18

B ombITe 2 mpu 0OpabOTKE 3aCEeBHBIX APOIOKEH
yIBTPa3BYKOM B TeueHHe 2 MuH. OcTanbHble
00pas31pl He3HAYUTEIHHO OTINYAIICH OT KOHTPOJIS
nepBeie 72 4 OpoKEHUsS M Tepsuid OpOAHIBHYIO
aKTHUBHOCTD Hociie 80 4 OposkeHHs.

VYnpTpa3BykoBast — 00paboTka  IpoXoKeit
B T€UEHHE 2 MHH CHOCOOCTBYEeT MaKCUMaJIbHOMY
npupocTy OMOMAacchl, MOYKYIOLIMXCS KIETOK M
KJIETOK C TJINKOT€HOM.

MaccoByro JOIO0 3TUIOBOTO CIHPTa, MAcco-
BYIO JIOJTFO 9KCTPAKTA, SKCTPAKTUBHOCTH HAYAJIbHOTO
cyclia B TOTOBBIX 00pa3lax NyBa W3y4ald Ha aHaJIHU-
3aTOpe CIMPTOCOAEpKAIWX HanuTKoB «Komoc-2»
(tabmnuua 2).

KonuuecTBo yraexucioro rasa, rp
The amount of carbon dioxide, gr

,

0 12 24 36 48

60 72 84 96 108 120

[MpoaoKUTENEHOCTE OPOXKEHHS, Y
Duration of fermentation, hours

=== K onrposs {Control} 1 2 3

4 5 6 7 8 9 10

Pucynok 2. M3MeHeHue OpOOUIbHOM aKTHBHOCTH JPOMOKEH B Ipolecce cOpaXMBaHUS IMHMBHOTO Cycia APOXOKaMHU,

00paboTaHHBIMHU YJIBTPa3ByKOM

Figure 2. Change in the fermentative activity of yeast during fermentation of beer wort with ultrasound-treated yeast
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Pucynok 3. V3meHeHHWe KoimdyecTBa IOYKYIONIMXCS KIETOK B IIpoliecce COpakMBaHWS IHMBHOTO Cyclia JIPOXKKaAMH,

00paboTaHHBIMHU YJIBTPa3BYKOM

Figure 3. Change in the number of budding cells during fermentation of beer wort with ultrasound-treated yeast
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Pucynok 4. V3meHeHue oOIIero KOJWYECTBAa KIETOK B Ipolecce COpaKMBAaHUS ITUBHOTO CYCJa JIPOXKIKAMH,

00paboTaHHBIMHU YIIBTPa3BYKOM

Figure 4. Change in the total number of cells during the fermentation of beer wort by ultrasound-treated yeast
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PI/ICYHOK 5. W3MeHeHre KONIMYECTBA KIIETOK C IJIMKOI'€HOM B mponecce C6pa)KI/IBaHI/I$I MNMUBHOT'O CYyCJia APOKIKAMU,

00pabOTaHHBIMH YIIETPa3BYKOM

Figure 5. Change in the number of cells with glycogen during the fermentation of beer wort with ultrasound-treated yeast
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Tabnuna 2.
Ou3NKO-XUMIYECKUE TIOKa3aTeIl TOTOBBIX 00pa3IioB MMHBa
Table 2.
Physico-chemical characteristics of finished beer samples
O6paszen | Temmepatypa | Cmupr, % | Okcrpakt, % | I[lnotHOCTH Crupr, 06% OHC | [eiicr. ct. cOpax.
Sample Temperature | Alcohol, % Extract, % Density Alcohol, vol% | ENS Deyst. st. brazh
Konrpous 21 3,29 7,35 1,0214 4,26 13,7 46,2
Control
1 21 3,30 7,35 1,0206 4,27 12,8 46,3
2 21 3,60 7,35 1,0205 4,31 12,8 46,9
3 21 3,28 7,36 1,0220 4,24 13,6 46,1
4 21 3,17 7,35 1,0207 4,14 12,8 46,0
5 21 2,95 7,35 1,0164 3,92 13,7 45,7
6 21 2,86 7,35 1,0220 3,83 13,6 45,1
7 21 2,83 7,35 1,0222 3,80 13,6 44,9
8 21 2,11 7,36 1,0023 3,07 13,7 43,9
9 21 2,02 7,35 1,0221 3,00 135 42,7
10 21 1,98 7,35 1,0218 2,96 13,2 41,5

OmHOBpPEMEHHO U3 Ka)KAO0Tro 00pasiia BEIBO-
JUIU YUCTYIO KyIbTYypy IIyT€M BBICEBA Ha CYCIIO-
arap. Ha pucynkax 6, 7 mpeacTaBieHbl pe3yIbTaThl

PucyHok 6. KoHTpouibHBIIT 00pa3sel] 3aCeBHBIX POIIKE

Figure 6. Control sample of seed yeast

3aKkiIoueHne

B pesynbrare nmpoBeeHHBIX HCCIIEAOBAHUN
YCTaHOBJICHO, YTO COJIEP)KAHUE MEPTBBIX KIIETOK
B oOpasuax, o0padoTaHHBIX YIBTPA3BYKOM, JIOCTH-
raer 100% na 17-if MUH BO3JCHCTBUSA YIIbTPa3BYKa,
a temneparypa Kk 40-if MuH 00pabOTKH TOCTUTAET
57 °C. Takum o00pa3zoMm, MPOBOAWUTH O0OPaOOTKY
bonee 5 MuH HeuenecooOpasHo. B pesynbrare
NPOBEJICHHBIX HCCIIEIOBAHUI CTAHOBJIECHO, 4YTO

KOHTPOJIBHOTO W OIBITHOTO 00paslia ¢ MCHOIb30-
BaHHEM JPOXKel, 00pabOTaHHBIX yIBTPa3ByKOM
B TEUYEHUE 2 MUH.

Pucynoxk 7. O6pasen 2 3aCeBHBIX APOAKEH
Figure 7. Sample 2 seed yeast

2 MUH CHOCOOCTBYET MaKCHUMAJIbHOMY IPUPOCTY
0MOMacchl, TOYKYIOIIUXCS KIETOK U KJIETOK
C TJIMKOT€HOM M YJIy4YIlIaeT OPraHOJIENTUYECKUE U
(hU3MKO-XMUMUYECKHE TTOKA3aTeId TOTOBOTO MUBA.

BaaropapHocTn

HccnenoBanmst TpoBEeACHBI Ha MPUOOpE
yIIBTpa3ByKoBoi o00pabotku mozenu VGT-800,
a taxke Ha mpudope «Komoc-2» B maboparopun

8 Bamkupckoro  rocyJapcTBEHHOIO — arpapHOro
VIBTPa3BYKOBasi 00pabOTKa IPOXKEH B TEUCHUE YHHBEpCHTETa.
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