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AHHOTAaINA.

B paboTe mpuBeZieHbI PE3YIBTAThI TO00Pa METO/IOB YCTAHOBIEHUSI CKOPOCTH POCTa, BpEMEHU TeHepaliuu U yABoe-
HUsT GOMacChI IPOKIKEBBIX KIEeTOK Rhodotorula spp., BXOAAIIMX B COCTAB KOPMOBBIX ITperapaToB MPOOHOTHYECKOM
HaIpaBIeHHOCTH J/isI 00bEKTOB aKBaKy/IbTYPhI. BBIIBIEHHBIN HETUTTUYHBIN Tepro Tar-dassl Habrogazcs Ha 06enx
HCCeyeMbIX TUTAaTENbHBIX cpefiax (JIyHauH, YEPD), rie BMECTO ITPUPOCTa GOMAaCChI KY/IBTYPBI IIPOUCXO/IIO OTMU-
paHMe YacTH BHECEHHBIX KJIETOK. [IoydeHHbIe Pe3y/IbTaThl IaI0T OCHOBAHUE /IS AIbHEHIIIET0 U3YYeHUS U TTOMCKA
HOBBIX BBICOKOITPOAYKTUBHBIX MITaMMOB Rhodotorula spp., mog6opa TEXHOJOTUUYECKUX PEXXUMOB TIOTyIeHUT KOPMO-
BBIX TIPENIAPATOB HA WX OCHOBE, MOANDUKAIIUY U ONITUMU3AITMN COCTaBa Ky/JIbTYPAJTbHOU CPEZIbI IS TIOBHIIIEHUS PO-
cTa GOMAaCCHI IPOIKIKE.
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Annotation. The paper presents the results of selecting methods for establishing the growth rate, generation
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aquaculture objects. The identified atypical period of the lag phase was observed on both studied nutrient media
(Lundin, YEPD), where instead of an increase in the biomass of the culture, some of the introduced cells died. The
results obtained provide the basis for further study and search for new highly productive strains of Rhodotorula spp.,
selection of technological regimes for obtaining feed preparations based on them, modification and optimization of
the composition of the culture medium to increase the growth of yeast biomass.the development of feed production.
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OCHOBHO# mpo6seMO¥ IpU BOCIPOU3BO/CTBE
00BEKTOB aKBaKyJbTYpHl sBJsSeTCA ociabie-
HUEe UMMYHUTETa TUJPOOMOHTOB U MOJABEPIKEH-
HOCTh MHOJXECTBY 3a00jieBaHHM, BHI3bIBA€MBIX
natoreHamu [1]. B HacToslee BpeMs, AJsd KOp-
PEKTHUPOBKM MeXaHW3MOB HMMMYHHOM 3allUTHI
U YMEHbIIEHHA BJUAHUSI HeOJIarONPUATHBIX
baKTOPOB cpefibl, aKTUBHO KCIOJb3YIOTCA IIPO-
OMOTUYECKU-aKTUBHBIE MHKDPOOpPTaHU3MBI [2].
[TpobuoTuyeckass aKTUBHOCTh MOXKET OBITH OIOC-
peAoBaHa MHOXXECTBOM GpaKTOPOB — O3UPOBKOM,
MIPOO/DKUTENBHOCTHIO M MapIIPYTOM JI€YeHUS.
HekoTopble TPOOGUOTUKU OKAa3BIBAIOT TIOJOXKHU-
TeJbHOE BO3/elicTBUe, BhIpabaThiBasd aHTUOAK-
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1V - ¢paza ormuparms; V - ¢pasa BbiskmBaHms

PucyHok 1. KprBasi pocTa aposksken
Rhodotorula spp. Ha cpeae JlyHanHa

Figure 1. Growth curve of the yeast
Rhodotorula spp. on Lundin
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TepuajibHble MOJEKYJIb, WHTUOUDPYIOIINE ApY-
rme MHUKPOOPTaHU3MbI WJIW BUPYCHI, TOTAA Kak
IpyTue UHTUOUPYIOT 6GaKkTepuaibHbie ABUKEHUE
yepes CTEHKY KUIlleYHUKa (TpaHcaoKallusa), yCcu-
JUBAIOT 6apbepHYI0 GYHKINIO CIU3UCTOM 3a CUeT
YBEJIWYEHUSA MPOAYKIUU MOJIEKYJIB BPOXAEHHO-
ro UMMYHUTETA WU MOAYIUPYIOT BOCIAJUTENb-
HYI0/UMMYHHYIO peaknuio [2]. B muTepaTypHBIX
WCTOYHHMKAX OMUCAHBI PE3yJbTAaThl HAayYHBIX HC-
CIeJOBaHWM IO WCIOJIb30BAHUIO MPOOMOTHKOB
Pa3HOU NPUPOABI NIPU HCKYCCTBEHHOM BOCIIPO-
M3BO/ICTBE THAPOOUOHTOB B pa3HbiX cTpaHax [1].
[IpuyeM, omHMcaHbl KaK MPEUMYIIECTBa, TaK U He-
JIOCTAaTKU MCIOJb30BaHUS OaKTepuii W JPOXK-
)Kell B 3aBUCHMOCTU OT XMMHUYECKOTO COCTaBa
MHKpPOOHBIX KaeTok [1]. CoryacHo pe3yibTaTaM
ucciaegosanuii, Rhodotorula benthica D30 MoxX-
HO paccMaTpUBaTh, KaK HMOTEHLHAJIbHBIH IIPO-
OHOTUK, CIIOCOOHBIH OKAa3BIBATh MOJOXKUTEIbHOE
BJIUSHUE HA IIOKA3aTeJu POCTa, aKTUBHOCTH IH-
IMeBApPUTETbHBIX QEPMEHTOB U UMMYHHUTET MO-
Jloau Tpemnanra [3].

OZHaKO HCIOIb30BaHUE MPOOUOTHUKOB B aKBa-
KyJbTyp€e OCTaeTcs Ha CTaJIUU Pa3BUTUA. B juTe-
paType Bce ellle Tpe/CTaBAeHbl HETTOIHBIE CBefle-
HUS 0 GUOXUMUYECKOM COCTaBe, CBOMCTBAX U POJIHU
CUMOHMOHTHON MUKPOGIOPHI KYJIbTHBUPYEMBIX I'H-
IPOOHMOHTOB, yJyacTByIoIlel B 6ophbe ¢ IaToreH-
HBEIMM MUKpoopranuamamu [1]. HemanoBakeH
U TOT QaKT, YTO OCTAHOBKA UMIIOPTA KOPMOB IIO-
CTaBUJa aKBaKYJIbTypHBIE NPEANPUATUA B CIOXK-
HOe II0JIOKeHUeE.

ABTOpaMH HaCTOAIIEro COOOILIEHUs paHee
6BLTY TIPOBE/IEHBI UCCIeJOBAHUA U MOJTYYEHBI TT0-
JIOXKUTENbHbIE PEe3yAbTaThl O BO3MOXKHOCTU WC-
MOJIb30BAaHUA KPACHBIX APOXOKEN ZJIsT KOPMJIEHUS
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TIponoAMTETEHOCTE Ky b THEHPOEAHHA, CYTEH

O6o3HayeHune ¢paz pocra: I - nar-ghasa;
1T - 3amegnenme pocra; III - sxcrioHeHUma ibHas;
1V - craumoHapHasi; V - chaza otmuparHus

PucyHok 2. Kpreas pocTa Aposkskei
Rhodotorula spp. Ha cpene YEPD

Figure 2. Growth curve of the yeast
Rhodotorula spp. on YEPD

WIVIOKOXKUX Ha JIMYMHOYHBIX CTaAuAX [4-7], 6bL1a
Hay4YHO O0OOCHOBaHa OWOTEXHOJOTHUA IMOJIyde-
HUS KOPMOBOTO IIpenapaTa IpoOHOTHYEeCKON Ha-
IIpaBJ€HHOCTH Ha OCHOBe Jpoxked Rhodotorula
benthica, pa3paborana ysabopaTopHas MeTOAUKA
crocoba oTpezieieHUs aHTarOHUCTUYECKOU akK-
THUBHOCTHU Apoxked Rhodotorula spp. PaHee 1o-
JiydeHHBIEe pPe3yJAbTaThl TPEOYIOT JaJbHEUIIero
M3y4yeHUS U TOUCKA HOBBIX BBICOKOTIPOAYKTHUB-
HBIX IITaMMOB Rhodotorula spp. ¢ mocaeayouumM
JNEMOHUPOBAaHUEM, IMOAOGOPOM TEXHOJOTUYECKUX
PEXMMOB IOJIy4eHHUs KOPMOBOTO IIpemapaTa Ha
OCHOBE, BhIIEIEHHBIX U3 HOBBIX UCTOYHUKOB, BHI-
COKOMPOAYKTUBHBIX IHITAMMOB, MOAUGUKAIINU
YU ONTUMHU3AIUU COCTaBa KYJIbTYPaJbHOU CpeZbI
7SI TIOBBINIIEHUS POCTA GUOMACCHI IPOXKIKEH.

llens HacTosAmed paboThl — MOAGOP METOAOB
yCTaHOBJIEHUSA CKOPOCTU POCTa, BpEMEHU reHepa-
UM U YABOEHUS OGMOMACCHl APOXIKEBBIX KJIETOK
Rhodotorula spp.

VI3y4yeHre TIPOIIECCOB POCTA JPOXKKEBOU KYJIBTY-
pbI Rhodotorula spp., ¢ 1IebIo BHIIBJIEHUSA UX QU3HO-
JIOTUYECKUX 0COOEHHOCTEN U YCTAHOBJIEHUS ITapaMe-
TPOB POCTA, IPOBOAWIN HeHeTOMETPUIECKIM METO-
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aoM [8]. BervruuHa cBeTopaccesHus (D, ontudeckas
IUIOTHOCTb) M3MepsuIach (OTO3IEKTPOKOJIOpUMe-
TpoM (P3K) KOK-2-YXJ14.2. /lnuHa BoaHb — 540 Hwm,
TonmyHa KoBeT — 3,070 MmMm. OZHOBpeMEeHHO IIPOU3-
BOJIVUTH TIO/ICYET KOJTUYECTBA KIETOK B e[UHUIIE 00D-
eMa MPAMBIM TIOAICYETOM C IIOMOIIIBIO CYeTHOM KaMe-
pol Topsaesa. [lonyyeHHYI0 3aBUCUMOCTD BhIpaXKaau
rpaduYecKy, OTKJIaJbIBas HAa BEPTUKAIbHOH OCU
KOJIMYECTBO KJIETOK, cofepkamuxcd B 1 cM® KymbTy-
paJIbHOU cpeZibl, a Ha TOPU30HTAIBHOMN — IIOKA3aHUA
@®3K. /lna KyJIbTUBUPOBAHUSA APOXCKEN MPUMEHIN
nuTarenbHble cpeasl JIynauna u YEPD [6].

ITpu KyJIbTUBUPOBAHUM Apoxkei Rhodotorula
Spp. IepuoAVYecKUM MeToJoM (3aKphiTasd CUCTe-
Ma) npu 25°C yCcTaHOBJIEHO, YTO MOMYJALUA MU-
KpPOOpPraHU3MOB IIPOXOAUT ONpeJiesieHHbIe ITUKJIBI
Pa3BUTHA, BEIpaKamIIMecsa B U3MeHEeHUU $a3 Win
nepuoZoB. IlociesoBaTETbHOCTh CMeHBI $a3 BBI-
paxeHa rpaduyuecku B BUAe KpuBwIX (puc. 1, 2).
[MonyyeHHBIE KpPUBBIE pA3ZENUIU Ha TEPUOIHI,
B 3aBHUCHUMOCTHU OT TOTr0, KaK MHUKPOOPTaHU3MBI
Besu cebs B KaXX/JOM KOHKPETHOM CJIyYae.

OmnucaHue pocTa MHUKPOOPraHU3MOB B pella-
Iollel cTelmeHU 3aBUCUT OT KMHETUYeCKOU Moje-
JIW, WCIIOJb3yeMOU AJA Tepefadyd WHPOpMaIUH,
CBA3aHHOM ¢ pocToM. Ha ocHOBe M3y4eHHOU Ju-
TepaTypsl YCTAaHOBJIEHO, YTO MOJeJb poOCTa MAJs
HUCCIeAyeMOU ApOXOIKEBOU KyabTyphl Rhodotorula
Spp., B YCJIOBUSAX HAIIETO JKCIIEPUMEHTA, MOXHO
paccMaTpuBaTh KaK CJIOXHYK CTPYKTypPUPOBaH-
HYI0 MOJeJib, KOTOpPas OIMMCHIBAET POCT KJIETOK,
KaK COBOKYIHBIN pe3yabTaT MeTaboJIudecKux pe-
aknui [9].

BpemeHHOe 3aMezjieHHe poOCTa JAPOKIKEBBIX
KJIeTOK (3 cyTOK) B cinoxxHOM cpese YEPD, BepoAaT-
HO, CBSI3aHO C HeOOXOAMMOCTBIO K aZaNTaluy MHU-
KPOOPTaHU3MOB K HOBOU IMUTATENIbHOU cpefie 6e3
3HAYUTENbHOU PEIIMKALIUU KJIETOK M MPU3HAKOB
ux pocTa. [Ipu 3TOM CTOUT OTMETUTH, YTO B HCCJIE-
AyEeMBIH ITepruo/ Ha 3 CYTKU OTMeYEHO MOsSABJIeHNE
MepPBBIX IPU3HAKOB KAapPOTHHOTEHEe3a, OINpezess-
€MBIX BU3yaJbHO 0Opa30BaHWEM MPUCTEHOYHO-
r'o KOJIbIla XapaKTePHOr'0 PO30BOr0 I[BeTa Ha Io-
BEPXHOCTHU IUTaTeNbHOU cpeasl YEPD.

HabnogeHne 3a KJIeTKaMHU, HaXOAAIIUMUCS
B JKCIIOHEHI[MaJbHOU ¢ase (2 CyTOK) MOKa3bIBa-
€T, YTO IIpollecc pocTa B 3TOM Ciaydae IIpOTeKaeT
cbasaHCUPOBAHHO, TO €CTh yYBeJIHMYeHUe OGuomac-
Chl COTIPOBOXK/JAETCS YBEIUYEHUEM KOJUYECTBA
JKUBBIX KJIETOK.

PocT gpoxokelt mpekpamaica Ha cpeze JlyHAu-
Ha Ha 3 CyTKHU, Korza B 1 mu Hakomuiaochk 5,4¢107
KJIeTOK, B TO BpeM: Kak Ha cpefie YEPD Ha 6 cyTku
B 1 mut Hakomuioch 1,3 107 kneTok. [lyrem anamu-
3a JIMTEPATYPhI YCTAHOBJIEHO, YTO K 3STOMY MOMEHTY
B UCCJIelyeMBIX CPe/IaX MCUEePIBIBAIOTCSA UCTOYHUKHU
a3oTa U yriepoga. BMecTe ¢ TeM, MOXHO II0JIaraTh,
YTO K 3TOMY BPEMEHU B KyJIbTYpPaJbHOM cpe/ie HaKo-
MMWJIKCh MPOAYKTH 0OMeHa, TaKXKe BBICTYMAIOIINE B
posu paKTopa, OrPaHUYUBAIOILIETO POCT.

Kak yxe oTMmeuanoch, KYJAbTYPHI, JOCTUTIIVE
CTaIlMOHAPHOU ¢a3el pocTa, HAKAIIUBAIOT MAKCH-
MaJbHYI0 BeJIWYMHY Oromaccel. Tak, HallpuMep,
Ha cpeze JlyHavuHa pasHuny (38%) mexay 6uo-
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Maccoil ¥ YMCIOM KUBBIX KJIETOK, BEPOATHO, MOXK-
HO OOBSCHUTH YBeIWYEHHEM KOJUYECTBA MEPT-
BBIX KJIETOK. B To BpeMa kak Ha cpege YEPD ort-
MeuyeHa He3HauuTeabHad pasHuua (10%) mexay
KOJIMYECTBOM OMOMACCHI ¥ XKMBBIX KJIETOK, OTHAKO
CTOUT HPEATIONOXKUTD, C YI€TOM COOCTBEHHBIX Ha-
OJII0ZIeHUH, YTO 3TO CBA3aHO HE C yBeJHYeHHeM
KOJIMYECTBA MEPTBBIX KJIETOK, a C HAaKOIUIEHUEM
MIPOAYKTOB KapOTUHOTeHe3a HCCIefyeMON KYJb-
TYPBI IPOXKIKEN.

B dase rubenu wiv OTMUpaHHS KpuUBas pocTa
raZilaeT BHU3, TaK KaK YMCJI0 KUBBIX KJIETOK B KYJIb-
Type yMmMeHbllaeTcA. Vi3BecTHO, YTO MpU NepUogu-
4eCKOM KyJIbTUBUPOBaHUU, $pa3a rubenu HacTyma-
eT IIOTOMY, YTO IIPOMCXOJWT HaKallINBaHUe pas-
JINYHBIX TPOAYKTOB 0OMeHa, IIpY 3TOM 3arac KoM-
MOHEHTOB IMIUTATEJbHOU Cpe/bl MCUePIIEIBAETCS.

Vicrionb3ysa TMepBUYHOE TE€PEMEHHOE COCTOS-
Hue (bromacca), KOTOpPOe U3MepsEeTCS Hemocpe-
CTBEHHO B KYJIbType KJIETOK, TPOU3BEIH IlepecyeT
BO BTOPDHUYHBIE XapaKTEPUCTUKU pOCTA Ha3bIBa-
eMBIMU TapameTpaMu (abcoioTHas U yAeabHasd
CKOpOCTHU pocTa). [lomydeHHbIe pacyeTHbIe 3HaYe-
HUSA TapaMeTPOB OTOOpakeHbl rpaduvecky, B 3a-
BHUCHUMOCTHU OT MPOAOIKUTENBHOCTU KYJIbTUBUPO-
BaHus (puc. 3, 4).

[lapameTp u . MMeeT OY€Hb Ba)KHOe OHOJIO-
ruyeckoe 3HaueHUe, 3TO BepXHUU Ipefesl HU3Me-
HEeHUA CKOpPOCTU B OIlpeZeleHHOU NUTaTelbHOU
cpeze. V3 gaHHBIX rpaduka BMAHO, YTO . Ha
cpeze YEPD cocrasinser 0,76 cyT?, B TO BpeMs KakK
Ha cpezie JlyHVHA JaHHBIM TapaMeTp COCTABJIAET
0,72 cyt.

Kak m3BecTHO, CymecTByeT 3aBUCUMOCTb MeX-
Ay YIeIbHON CKOPOCTBIO POCTA U KOHIIEHTpPALU-
el cybcTpara, JUMUTUPYIOIIETO POCT, YTO JAaeT
OCHOBaHUWeE JJIs1 MPOAOIKEHUs PaboOTH B JaHHOM
HamnpaBjieHUu. [IpoBeZeHHble HaMH MUCCIeLOBa-
HUA MI03BOJIAIOT CZesaTh cileAylolilee 3aKAoueHue.
Mogens pocTa AJd ucciaesyeMo ApoxKeBOU KyIb-
Typsl Rhodotorula spp. B yCIOBUAX 3KCIIEPUMEHTA
MOXXHO paccMaTpUBaTh KaK CJIOXHYIO CTPYKTypH-
POBAHHYIO MO/IeNIb, KOTOPAsi OMUCHIBAET POCT KJle-
TOK KaK COBOKYITHBIN pe3yJabTaT MeTaboJuIeCcKUux
peakiuii. HeTunuuueiii nepuog gardasbl Habiio-
JaeTcs Ha 00erx MccieyeMbIX MUTAaTeNbHBIX Ccpe-
nax (JIyaaun, YEPD), rae BMecTO IpupocTa 6uo-
Macchl KyJAbTYPhl IIPOUCXOAUT OTMHpPaHUE YacTu
BHECEHHBIX KJIeTOK. CKOPOCTh MPHUPOCTA OHOMACCH
Ha cpeze YEPD gocTuraetr MakCUMaabHOrO 3Have-
HUA Ha 6 CyTKY, a Ha cpeZie JIlyHAnHA — Ha 1 CyTKU.

B Hacrosmee BpeMs, pasBUTHE aKBaKYJIbTYDHI,
TPaZUIMOHHON U OPTaHUYECKOMN, TUMUTUPYETCA OT-
cyrctBueM kopmoB [10; 11], paspaborka u mpous-
BO/ICTBO KOTOPBIX CZIEPKHUBAETCA OTPAHUIEHHOCTBIO,
BBICOKOM CTOHMMOCTBIO U HU3KOU 3KOJOTUYHOCTHIO
HCIIONIb3yeMOT0 ChIpbsd. VHTerparua MHHOBaLIMOH-
HBIX ITO/IXOZIOB K IIPOM3BO/ICTBY KOPMOB, OCHOBaHHBIX
Ha TEXHOJIOTHAX YCTOWIMBOTO pecypcoddpdeKTUBHO-
r'o MPOM3BOJCTBA — BO3MOXKHBIE IIyTU pellleHus, CIIo-
COOCTBYIOIIMIE PA3BUTHIO AKBAKY/IETYPHL.

Paboma ebinoiHeHa npu uHarcosotll noddepic-
ke HHUP N2 822/2023 «HayuHoe 0b60cHO8aHUe NO-
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JyUeHUs KOPMOBbLX NPenapamos npobuomuueckol
HANpagieHHOCMu HA 0CHoge buomaccwbl Opocicell
Rhodotorula spp., npedHasHaueHHbLX 015 8bIpALU-
8aHUSL 00BEKMO8 AKBAKYIbMYPbl».

Agmopb! 3a5871510m 06 omcymcmauu KOHPAUKMA UHMepPecos.
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