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BiusiHue ycJa0BUIl KYJbTHBHPOBAHHMS Ha POCT
ouomaccel Yarrowia lipolytica — nupoayuenra
KOPMOBOTI0 0eJiKa

Effect of culture conditions on the growth of
biomass Yarrowia lipolytica - producing protein feed

Pegpepam. KopMOBBIe ApOXIKH NMPEACTABISIOT COO0H BBHICOKOIIEHHBIH 0EIKOBO-BUTAMHHHBIM NMPOAYKT. benku npoxokeit mo
CTENEeHH YCBOSIEMOCTH M COJIEP)KaHUI0 aMUHOKHCIIOT, MTPEBOCXOAAT OEJKH JKMBOTHOTO HpoucxoxaeHus. OHM yCBaHBalOTCs B Opra-
HHU3Me KHBOTHBIX Ha 95 %. Kpome Toro, AposokeBbIe KIETKU COep KaT O0IBIIOe KOJIMYECTBO BUTAMUHOB I MUKPO3JIEMEHTOB, a TaK
K€ 3HAYUTENIbHOE KOJIMYECTBO )KUpa. B HacTosee BpeMsi KOPMOBBIE APONOKH ¢ OOJIBIINM YCIIEXOM HMCIONB3YIOTCS B JKMBOTHOBO/I-
CTBE U NTHUIIEBOJICTBE B KaYeCTBE KOPMOBOH 100aBKH, MTOITOMY MOTPEOHOCTh B HUX €XKET0JHO Bo3pacrtaeT. [lyisi MpOU3BOACTBa KOp-
MOBBIX JPO}COKEH HCIONB3YIOTCS IPOJMOKH, KOTOPBIE 00NafaloT HEOOXOAWMBIMU TEXHOJOTMYECKHMH CBOMCTBaMH: CIIOCOOHOCTHIO
OBICTPO Pa3BUBATHCS B a9POOHBIX YCIOBHUSX ¢ 00pa3oBaHHEM Oelika, BATAMHHOB aMUHOKHUCIIOT, YCTOHYMBOCTBIO POU3BOJICTBEHHBIX
KYJIBTYp, CONPOTHUBIISEMOCTBIO Pa3BUTHIO TIOCTOPOHHEH MHUKPOQIopsl. NHTEHCHBHOMY 00pa30BaHUIO APOIKEBONH GHOMACCHI CIIO-
coOCTBYeT psill YCIOBHH, CPeM KOTOPHIX BednunHa pH, TemmepaTypa KyJbTHBHPOBAHMS M a’paiys Mpolecca 3aHUMAIOT BaKHOE
MecTo. OCHOBHBIM KPUTEPHEM MPHU CPaBHEHHU M 0TOOpE TOW MJIM MHOW KYJBTYPHI TSl JaHHOM CpPeJIbl SIBISIETCS CKOPOCTh €€ pocTa 1
CIOCOOHOCTh aCCHMMJIMPOBATh BCE MUTATEJIBHbIC BELIECTBA C BBICOKUM YKOHOMUYECKUM K03 duiueHToM. OT 3TOro 3aBUCUT MPOU3-
BOJIUTENBHOCT MPEIIPUITHS, PACXOJ AJIEKTPOIHEPTHH M JPYrHe TEXHHKO-DKOHOMHYECKHE MOKa3aTelnu MpPOU3BOACTBA. V3yueHO
piusHUE pH cpenbl Ha HaKoIUIeHHe OMoMacchl Ipoxokei Yarrowia lipolytica. YcranosneHo, uro npu pH 5,2-5,5 nabmonaercst Mmak-
CHMaJIbHasi CKOPOCTh POCTA JAPONOKEBBIX KIETOK. 3yueHo BinsHME TeMIlepaTypbl Ha HaKOIJIGHHE IPOjOKeBoil OrnoMacchl. Temmepa-
Typa KyJbTypaJbHOM Cpe/ibl ONpeiessieT MHTEHCHBHOCTh 0OMEHA BEIeCTB B KJIETKaX. Y CTAHOBJICHO, YTO ONTUMAIIBHON TeMIepary-
poii pocta KyasTypsl Yarrowia lipolytica. ssnsercs 33 °C. V3yueHo BIMsAHHME CTENEHH a’pallid HA CKOPOCTh POCTA IPOMKIKEBBIX
KIJIETOK. Y CTAHOBJIEHO, YTO MAKCUMAILHBIH TTPHPOCT GHOMACCH ObLT MONTYYEH MPH cTenenu asparuu 70 oM 3/cm’a,
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Summary. Fodder yeast is highly valuable protein-vitamin products. Protein digestibility by yeast and amino acid content, su-
perior proteins of animal origin. Fodder yeast protein digested in animals by 95 %. The biological value of yeast protein is deter-
mined by the presence of a significant amount of essential amino acids. Moreover, yeast cells contain many vitamins microelement
and a significant amount of fat, in which the predominant unsaturated fatty acid. Currently, fodder yeast successfully used in live-
stock and poultry, so the demand for them is increasing every year. For the production of fodder yeast using a yeast having the necessary
technological properties: the ability of rapid growth in aerobic conditions to form protein, amino acids and vitamins, resistant crop pro-
duction, the development of resistance to foreign microorganisms. Intensive education yeast biomass contributes to a number of condi-
tions, including pH, temperature and aeration of the culture occupy an important place. The main criterion for comparison and selection
of a culture medium for this is the speed of its growth and ability to assimilate all of the nutrients with high economic factor. It depends
on the performance of the enterprise, energy consumption and other technical - economic performance. The effect of pH of the medium
on the biomass accumulation of yeast Yarrowia lipolytica. Found that at pH 5,2 - 5,5 observed maximum growth rate of the yeast cells.
The effect of temperature on the accumulation of yeast biomass. The temperature of the culture medium determines the intensity of me-
tabolism in cells. It was found that the optimal growth temperature of the culture Yarrowia lipolytica is 33 °C. The effect of aeration on
the growth rate of yeast cells. Tro-established that the maximum increase of biomass was obtained with the aeration of 70 cm? /cm*hrs.

Kniouesvie ciosa: KOpMOBBIE IPOAOKH, OMoMacca, KyJIsTHBUPOBaHKE, Yarrowia lipolytica, BemaHa pH, Temmeparypa KyIbTHBHPOBAHYS.

Keywords: fodder yeast, biomass, culturing, Yarrowia lipolytica, pH, culturing temperature.

KopmoBbIe ApoXoKu MPencTaBiIsSIFOT COOOM
BBICOKOLICHHBII OEKOBO-BUTAMHHHBIM HPOIYKT.
benku npoxokeil ycBauBarOTCS B OpraHU3Me K-
BOTHBIX Ha 95%. C OMOJOTHYeCcKOi TOUKU 3peHHUS
OHU SBJIAIOTCS HonHOUeHHbIMU. o conmepxanuto
HE3aMECHHUMBIX aMHHOKHCIOT OCNKH JIPOXKKeH
OJMM3KM K OJKUBOTHBIM Oeiikam. Kpome Toro,
JPOOKEBbIC KIIETKH COAEPKaT OO0JIbIIOoe KOJIHYe-
CTBO BUTAMHHOB Y MHKPO3JIEMEHTOB, JKUPOB.

B HacTosiiee Bpemsi KOpMOBOI OeoOK IIH-
POKO HCIIONB3YETCSl B PA3IMYHBIX OTPACHAX KH-
BOTHOBOZICTBA B KaueCTBE MOJIHOLCHHOW IHIIe-
BOI J100aBKH, TIOATOMY HOTPEOHOCTH B HUX €XKe-
roJHO Bo3pacTaeT. [|y11 mponu3BoaCTBa KOPMOBOTO
OenKa JOJKHBI HCIOJB30BaThCs IPOXIKH, KOTO-
pBle OTBEYAIOT TPEOYyeMBIM TEXHOJIOTHYECKUM
rapaMeTpam: ClloCOOHOCTBIO OBICTPO Pa3BUBATHCS
B ad3pOOHBIX YCIOBHAX ¢ OOpa3oBaHuWeM Oelka,
BUTAMHMHOB aAMHHOKHCIIOT, YCTOMYMBOCTBIO MPO-
W3BOJICTBEHHBIX KYJBTYP, COINPOTHBISIEMOCTHIO
Pa3BUTHIO IOCTOPOHHEW MHKpOdIIOpEI [4].

BaxnelmM KputepueM mpu BhIOOpE KyIb-
TYphI JAPOXOKEH IS TIONy4eHHsT KOPMOBOTo Oerka
ABJIIETCA CKOPOCTh €€ pocTa M CIOCOOHOCTh accH-
MUJIMPOBaTh BCE NMUTATENBHBIE BEILECTBA CPEIBI C
BBICOKUM 3SKOHOMHYECKMM Koddunmentom. Ot
9TOrO0  KpUTEepHs  3aBUCAT  BCE  TEXHHUKO-
SKOHOMHUECKHE MTOKa3aTeIN POU3BOCTRA [2].

B xauecTBe mpopgyleHTa KOpMOBOro Oeika
Obula BbIOpaHa KyJbTypa apoxokeit Yarrowia
lipolytica. C TEXHOTOTUIECKOW TOYKH 3PCHUS ITH
JOPOXOKH SIBIISIIOTCSL Hanbojiee MepCleKTUBHBIMU
MPOJyILIEHTaMH KOPMOBOTO Oeka [5].

KynpTuBHpoBaHuE APOAOKEBOU KYJIBTYpPHI
Yarrowia lipolytica mpoBogunu TIyOMHHBIM CHO-
co0OM Ha MUTATENbHOW Cpele, MPUTOTOBICHHON
Ha OCHOBE MENAacCHOH Oapipl ¢ HadalbHBIM CO-
nepkanueM caxapa 4 % B kosnbax OpreHmeliepa
BMecTtuMocThio 750 M1 (00beM cpenbl 100 mit) Ha
TEPMOCTATHPYEMOM Kadajke B TeUeHUE 48 9acoB.

[Ipu npoBeneHUK UCCIIENOBAHUNA MO KYJIBTH-
BUPOBAHUIO APOMOKEH IMPOAYKTHBHOCTH KYJIBTYPHI
OLICHUBAJIM 10 HAKOIUICHHUIO JIPOMIKEBOM OMOMACCHI.
Mopdomnorrdeckyto KapTHHY IpoxoKed B Tpolecce
Pa3BUTHS UCCIIEIOBAII METOIOM MUKPOCKOMHH [1].

HHTeHcMBHOMY 00pa3oBaHUIO  JIPOMOKEBOM
OMOMACChI CIIOCOOCTBYET PSiI YCIIOBHM, CPEIA KOTO-
pbIx BenmumunHa pH, TemmepaTrypa KyJIbTHBHPOBAHUS
1 a3pars Iporiecca 3aHUMAr0T BaKHOE MecTo [6].

Bennuuna pH BinsieT Ha CKOPOCTh ITOCTYTI-
JICHHWS B KJIETKY TNHUTATEIbHBIX BEIIECTB, aKTHB-
HOCTh ()EpPMEHTOB, CUHTE3 OelKa, CHHTE3 BUTAMU-
HOB B MUKPOOHO# KiteTke [3].

[MpoBomumu  wuccnenoBanue BiausHust pH
cpeabl Ha HakoIUIeHHE OuoMacchl ApOXKen
Yarrowia lipolytica. VccrienoBanue nokasaio, 4To
JAHHBIA TPOJYUEHT MpOSIBIISIET CIOCOOHOCTH K
poCTy B AMana3oHe 3HaueHud BenuuuHel pH ot 3,0
1o 6,5. Ilpu uamenenuu 3uauenus pH ot 3,0 no 5,5
KOJIMYECTBO JIPOOKEBBIX KIETOK YBEIMUYMIOCH OT
100 1o 380 Ha cM>. BBUIO yCTaHOBIIEHO, YTO MaK-
CHUMaJIbHBII pocT Omomaccel HaOmonancs npu pH
5,2-5,5. Ilpn manmpHE#IeM W3MEHEHUH BEITUIHHBI
pH B MmIENOYHYIO CTOPOHY IPUOCTAHABIUBACTCS
POCT APOXIKEBBIX KJIETOK (PHUCYHOK 1).
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Pucynok 1. Briusiaue 3Hauenus pH Ha pocT Gromacchel
Yarrowia lipolytica Y-1711
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Takum oOpasom, oTkioHeHHe BemmdrHbl pH
NIUTATENBHONW CpeAbl OT ONTUMAIBHBIX 11 POCTa
KJIETOK 3Ha4eHMI KaK B KHCIIYIO, TAK U B ILEJIOUHYIO
CTOpPOHY BI€YET 3a COOOH CHWKCHHE CKOPOCTU
HaKoIIeHHs1 Ornomaccsl Yarrowia lipolytica Y-1711.

Temmnepatypa oOka3plBacT OOJBLIOE BIMSHUE
Ha HaKOIUIEHWEe OMOMAcChl TPU BBIPAIMBAHUU Pa3-
JIMYHBIX MHUKPOOPraHu3MoB. OHa orpesiessieT UHTeH-
CHBHOCTb IIPOTEKaHMs OOMEHA BELIECTB B KICTKAX.

IIpoBeneno HCCIIEIOBaHHUE BIIMSIHUS
Temreparypel Ha Ouocunte3 Yarrowia lipolytica
Y-1711. KyneTUBHpOBaHWE MPOBOAWIN IIPH
Ha4aJlbHOM 3HAYEHWU AaKTHBHOW KHCJIOTHOCTH
MUTaTeNbHOW cpenbl, paBHOM 5,2-5,5. Bapwupo-
BaHUE TEMIICPATYPHBIMU YCIOBHUSMHU KYJIbTHBH-
POBaHUs MIPU yCTAHOBJIEHHOM ONTHMAJIBHOM 3Ha-
YEeHUHM aKTHBHON KHCIOTHOCTH Cpeabl IOoKa3alo,
YTO HauOONBIIMK TPUpPOCT Omomaccel i Yar-
rowia lipolytica Y-1711 HaOnromaeTcst pu TeMIIe-
patype 33 °C (pucyHoxk 2).

BepositHo, 3Ta Temmeparypa SBIs€TCs OIl-
TUMaJbHOM Uil pocTa JAaHHOW  KYJBTYpbI
JIPOKKEH.

CHmxeHue TeMmIepaTypsl KyJIbTUBHUPOBa-
Hug 70 25°C U TOBBHIIMICHHE TEMIEPaTypsl 0
40 °C mpuBOIUT K CHUKEHHMIO aKTHBHOCTH DPas3-
MHOXEHHS JIPOIOKEBBIX KiIeToK. [Ipu moBbIeHNH
temrepatypsl Beie 40 °C pocT KyJIbTyphl OTCYT-
crBoBa. Temmeparypa 33°C obecneunBana
HanOoJbIllee HAKOIUIEHHE OWOMAacchl B KYJBTY-
paJIbHOM KHUJIKOCTH.
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Pucynok 2. Biamsaue temmnepaTypsl KyJIbTHBHPOBAHUS
Ha pocT 6uomaccel Yarrowia lipolytica Y-1711

B mpomecce pocta ApoxKeBBIE KIETKA
HEMPEPBIBHO MOTPEOIISIOT PaCTBOPEHHBIN B KYIIb-
TypaiabHOU Cpefie KUCIOPOI, KOTOPHIi HE0OX0 UM
Uil cuHTe3a Omomaccel. IlosToMy cHabGkeHme
KHCJIOPOJIOM CpeNbl 3HAYUTEIbHO BIMSET Ha
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CKOPOCTh POCTa JPOKKEBOH KyJIbTYphl M HAaKOII-
nenue Ouomaccel. [Ipm HemocTaTke Kucimoponaa B
cpene HaOIIOMAETCsl CHIKEHHE CKOPOCTH POCTa
KyJIbTYpBI JIPOJOKEH, Tak Kak Hapsay ¢ Hporec-
COM JIbIXaHHS MPOMCXOAMT Tpolecc OpOXKEeHHUs, U
YacTh YIJIEPOJCOACPIKAIIEIO BEIECTBA PACXOLY-
eTcsl He Ha HakKoIUIeHne OuomMacchl, a Ha o0pazo-
BaHME crupTa. M30BITOUHASsT a’panus Tak K€ He
JIaeT MOJOKUTENBHBIX pe3ynbTaToB. HeoOxommmo
o0ecrneynTh KIETKY TaKHM KOJIUYECTBOM KHCIIO-
pona, KOTOpoe HEOOXOAMMO MJisi IMOCTPOCHHUS
onomaccel. KommuecTBO BHOCHMOTO B Cpefy KHC-
JOpoJa 3aBHCUT OT BO3pacTa KIETOK, YCIOBHH
(GopMHUpOBaHMS WX JBIXaTEIBHOW CHCTEMBI H
SHEPreTUYECKUX MaTepuasos [4].

AdpoOHBIE YCIOBUS KYJIbTUBHUPOBAHHS CO-
3[aBaJv, TIOMeNIast KOJIOB Ha KPYTOBYIO KadalKy
co ckopocteio 220 muu ~'. MHTEHCHBHOCTH
a’paluu KyJIbTUBUpPOBaHUS Yarrowia lipolytica
BapbUPOBAIN U3MEHEHHEM 00beMa NMUTATeIbHON
cpenbl M BO3AyXa B KavyaJOYHBIX KoOJOax
BMECTHUMOCTBIO 750 cM?.

[lpn anamm3e HaKOIUICHUS OMOMAcCHI
JposoKeld OBUIO yCTaHOBJICHO, YTO MaKCHMAalb-
HBIA TPUPOCT OMOMAcChl OBUT TIOJMY4YEeH MpPH CO-
otHomenuu 0,7 oObema Bo3myxa Ha 1 oObeM
Cpellbl, YTO COOTBETCTBYET CTENEHH adpaiuu
70 cm?/ cM®u (pucyHOK 3).
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Pucynok 3. BrausHMe cTeneHW a’paldyd Ha POCT OHO-
maccel Yarrowia lipolytica Y-1711 , em?

JanpHeiiliee yBelnM4YeHUE CTENECHU a’palvu
K CYIIIECTBEHHOMY POCTY APOXKEH HE TMPHUBOIFLIO.
Takum 00pa3zoM, ONTUMAITLHON CTETICHBIO a3parin
Npd  TIIyOMHHOM  KYJIBTUBHPOBAHUU  KYJIBTYDHI
Yarrowia lipolytica sensercs 70 cm?/ cvu.
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