Received: 24.01.2026 | Revision: 14.02.2026 | Accepted: 15.02.2026 | Published: 25.06.2026  Biotechnology and Bioengineering

doi: 10.31210/5pi2026.29.01.14 Scientific Progress & Innovations 29 (1)
ORIGINAL ARTICLE s e, 2005

Study of the spore-forming activity of the Blakeslea trispora mushroom

I. Zubareva | H. Safonova®™ | O. Dregval | V. Havrylyuk | T. Sklyar

Citation: Zubareva, L., Safonova, H., Dregval, O., Havrylyuk, V., & Sklyar, T. (2026). Study of the spore-forming
Article info activity of the Blakeslea trispora mushroom. Scientific Progress & Innovations, 29(1), 87-91.
doi: 10.31210/spi2026.29.01.14

Correspondence Author
H. Safonova

E-mail:
safonovall91@gmail.com

Industrial production of carotene-containing preparations of natural origin is an urgent task of modern
biotechnology. The importance of this problem is determined by the specificity and diversity of functions performed
by carotenoids in living cells. The production of safe natural carotenoid products is possible only by biotechnological
means, that is, with the participation of appropriate producer microorganisms. The most promising among various
potential carotenoid-producing microorganisms was the mold fungus Blakeslea trispora, which was selected in

Oles Honchar Dnipro Ukraine as an industrial producer of beta-carotene. But if certain inducing components are used in the nutrient media,
National University, the fungus switches to oversynthesis of lycopene or other carotenoids. The production of safe natural carotenoid
Nauky Ave. 72, Dnipro products is possible only by biotechnological methods with the participation of appropriate producer
49045, Ukraine microorganisms. The most promising among various potential carotenoid producers was the mold fungus

B. trispora, which was selected in Ukraine as an industrial producer of various carotenoids. A physiological feature
of this producer was the instability of sporulation in both (+) and (-) strains of the heterothallic fungus. The aim of
the work is to develop methods for increasing the level of sporulation ability of B. trispora under surface cultivation
conditions. The level of sporulation was estimated by the number of spores per 1 cm?. Counting chambers were used
to count the number of spores. The work proposed the use of physical and chemical factors to intensify sporulation
in B. trispora. Thus, the stimulating effect of the duration of visible light illumination on the sporulation ability of
B. trispora was studied. The influence of different parts of the visible light spectrum on the studied process was also
determined: violet, blue, green, yellow and red. It was found that the maximum number of spores is formed when
the surface culture is illuminated for at least 4 days at an intensity of 300 lux. The maximum stimulating effect was
achieved when illuminating the surface culture of B. trispora with red light: the number of spores increased 35 times
compared to the dark control. Since repeated light exposure may cause undesirable metabolic processes in fungal
cells, the effect of some antioxidants on the growth and carotenogenesis of populations of the fungus B. trispora
obtained from shoals grown under intense light conditions was tested Citric acid, ascorbic acid, vitamin E, cysteine,
and urea were used as antioxidant nutrient components. It was found that the studied antioxidants do not affect the
producer’s ability to accumulate biomass and synthesize beta-carotene. The intensity of sporulation also does not
change.

Key words: spore-forming ability, sporulation, mucor fungus, surface culture, Blakeslea trispora, influence,
nutrient media.

JloctizkeHHsl CTIOPOYTBOPIOIOY0I AKTUBHOCTI MyYKOpoBOro rpuda Blakeslea trispora

I. M. 3y6apena | I'. I. Cadonona | O. A. Jlpersans | B. I'. I'aBpuiok | T. B. Cxisip

IIpoMuCIOBE OTPHMAaHHsS KapOTHHBMICHHX IIPEMNapaTiB NMPHPOIHOTO MOXOMKCHHS € aKTyalbHOK 3a1adyeio
cydJacHoi 6ioTexHoutorii. BaxiuBicTh gaHOT POOIeMH BU3HAYAETHCS OCOOIHMBICTIO Ta PI3HOMAHITHICTIO QYHKLIH,
SIKI BUKOHYIOTh KaPOTHUHOIIH B )KMBUX KIITHHAX. BUpOOHUITBO Oe3MeUHUX MPUPOJHUX KAPOTHHOIIHUX MPOAYKTIB
MOXIIHBE TUIbKH 010TE€XHOJIOTIYHHM CIIOCOOOM, TOOTO 3a y4YacTIO BiJIOBIIHMX MIiKpOOpPTaHi3MiB-IIPOAYLICHTIB.
HaiiOinpIl NepCreKTHBHUM Cepell Pi3HUX MOTEHLIHHHX MiKpOOPraHi3MiB-POIYLEHTIB KapOTHHOINIB BUSBHUBCS
MyKopoBuit rpub Blakeslea trispora, sxuii 06pano B YKpaiHi B IKOCTi HIPOMHCIOBOTO NPOJYLIEHTA O€Ta-KapoTHHY.
AJie 32 yMOBY BUKOPHCTAHHSI ICBHHX 1HIyKYIOYHX KOMIIOHEHTIB B CKJIa/li IOXKMBHHUX CEPEIOBHIL IPUO IIEPEXOAUTH
JI0 HAJICHHTE3Y JIKOIIHY 200 iHIIHMX KapoTHHOIAIB. Pi3i0J0ri4HOI0 0COOIHMBICTIO JAHOTO IPOIYLICHTa BUABHIACS
HecTabUIbHICTh CIIOPOYTBOPEHHS SK Y (1), TaK 1y (-) IITaMiB rerepoTanigyHoro rpubda. MeToro podoTH € BUSHAUCHHS
croco6iB MiABHUINEHHS PIBHS CIIOPOYTBOPIOIOYOI 3AATHOCTI B. trispora B yMOBax IOBEPXHEBOTO KyJIbTHBYBAHHS.
PiBeHb CIIOPOYTBOPEHHS OL[HIOBAJIH 32 KUIBKIiCTIO criop Ha 1 cM?. JI1s mijipaxyHKy KibKOCTi CIIOp KOPHCTYBAIMCS
paxyHKOBUMM KamepamMu. B po0Goti s iHTeHcudikauii CIOpOyTBOpPEeHHS y B. trispora 3amnponoHOBaHO
BUKOpHUCTaHHS (i3nYHUX YMHHUKIB. Tak, BUBYCHO CTUMYJIFOIOUHIA BIUIMB TPUBAIOCTI OCBITJICHHS BHANMUM CBITIOM
Ha CIIOPOYTBOPIOIOYY 3IaTHICTB B. trispora. Bu3HaueHO TakoX BIUIMB Ha JOCHIKYyBAaHUH MPOIEC Pi3HUX IIITHOK
CHEKTpa BUAUMOTO CBiTJIa: (Pi0JIETOBOrO, CHHBOTO, 3€JIEHOr0, )KOBTOIO i Y4ePBOHOT0. BUsBIEHO, 1110 MaKkcHMalbHa
KIUIBKICTB CIIOP YTBOPIOETHCS IIPU OCBITICHHI MOBEPXHEBOI KyIbTypH He MeHIIe 4 16 npu interncuBHOCTI 300 sHOKC.
MakcUManbHAI CTUMYITIOIOUHH e(eKT NOCATHYTO NP OCBITJICHHI IIOBEPXHEBOI KYJNBTYPH B. frispora 4epBOHUM
CBITJIOM: KiJIbKICTb CIIOp 301IbIllyBasiacs B MOPIiBHSAHHI 3 TEMHOBHM KOHTposieM B 35 pasiB. Tak sk OaraTopa3oBe
CBITJIOBE ONPOMIHEHHSI MOKE BHKJIMKATH HeOakaHi MeTabONi4yHi MpolecH B KIiTHHAX rpuba, Oyino mepeBipeHO
BIUTHB JIIKUX AQHTHOKCHIAHTIB Ha PIiCT i KapOTHHOTCHE3 MHOIYJALil rpuda B. frispora, OTPEMaHHX 3 KOCSKIB,
BUPOLICHHX B YMOBaX iHTCHCHBHOIO OCBITJICHHS. SIK aHTHOKCHAAHTHI KOMIIOHEHTH B NMOXHBHUX CEpPCIOBHINAX
BHKOPHCTOBYBAJIN JIHMOHHY, acKOpOIHOBY KHCIOTY, BitTamiH E, mucTeiH Ta cedoBuHy. BcraHoBieHo, mio
JOCTI/DKYBaHI aHTHOKCHUJAHTU HE BIUIMBAIOTH Ha 3[AaTHICTh NPOJYLIEHTa HAKOIMYIYyBaTH 0ioMacy i CHHTE3yBaTH
a 0OeTa-KapOTUH. IHTEHCHBHICTH CHOPOHOLIEHHS MPH 1IbOMY TaK0X HE 3MIHIOETHCSL.
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Beryn

HeoOxigHicTs pi3HHMX Taimy3eil rocmomapcTtsa B
KapOTHHBMICHHX NPOJYKTaX i Mpernaparax MPHUPOIHOTO
TIOXOJ/IKEHHSI € OUSBHIHOIO 1 aKTYyaJIbHOIO ISl Terepill-
HBOTO yacy. JlaHuii akT MOsICHIOETHCS PI3HOMAaHITHICTIO
BJIACTHBOCTEH Ta BaXJIMBICTIO (QYHKIIH, SKi BUKOHYIOTh
KapOTHHOITM B KUBHX KIITHHaX. Tak, HaHOUIbII
IOCHIKeHOI0 € A-mpoBiTamiHHa (QyHKIisS OeTa-
kaporuny [1, 2]. JlikomiH po3rismaeThcst SK IiHHA Ta
yHiBepcallbHa 010JOTiYHA CHOJyKa 3 Pi3HOMAaHITHHUMHU
BJIACTUBOCTSIMHU, TaK SIK € aHTHOKCHUIAHTOM, aHTHMYTa-
TeHOM, IMYHOMOIYJISATOPOM; KapOTHHOIAM TNPHIMAaIOTh
y9acTh y pi3HUX OOMIHHHX IIpoIecax, y IMepeHeceHHI
€JIEKTPOHIB 1 MPOTOHIB Yepe3 MEMOpaHu KIIITHH; a TAKOX
NPOSIBJISIOTE  PadiONPOTEKTOPHI, MPOTUPAKOBI, aHTHU-
MYTareHHi, FOBEHLIBHI I HIII JTIKYBaJIbHi BIACTUBOCTI [3-5].

Tomy nepcreKTHBHUM € BUKOPHCTaHHS KApOTHHOIIB
y XapdyoBiil ramysi, MeauiMHi, (apMmaneBTH4Hiil mpo-
MHCJIOBOCTI, KOCMETOJIOT1, CIJIbCHKOMY T'OCIIOJIaPCTBI.

[cHyrOTB pi3HI CIOCOOM OTpPUMaHHS KapOTHHBMICHUX
IpenapariB:  eKCTpakiis 13 POCIMHHOI CHPOBHHHU
(obmninmxa, MOpKBa, rap0y3, JIoLEpHa, BOJOPOCTI, 1HIIN),
XIMIYHUH CHHTE3, OlOoTeXHOJOTiYHMHA cmocio [6, 7].
Koxuuii 13 BKa3zaHMX METOHIB Ma€ IEBHI HEIONIKHA 1
IepeBary, aje MPOMUCIOBE BHUPOOHUITBO OE3MEYHHX
NPUPOAHUX KapOTHHOINHHUX NPONYKTIB B JAHUH Iepion
MOXJIMBE TUTBKM 3a YYacTIO BiINOBITHHX MIiKpO-
OpraHi3MiB-TIPOAYIICHTIB, TOOTO  OIOTEXHOJOTIYHUM
criocobom [8].

Haii6inpIn nepcrieKTHBHUM cepell Pi3HUX MOTEHIiH-
HUX TIPOAYLEHTIB KapOTHHOI/JIB BHSBUBCS MYKOPOBHI
rpub Blakeslea trispora, sxuit i obpano B YkpaiHi B
SIKOCTI IPOMHCIIOBOTO TPOJYLEHTa OeTa-KapoTHHY.
Januii 3iromineT Bilpi3HAE€THCS HAJACUHTE30M caMe OeTa-
KapoTHHY, aJIe 32 YMOBH BUKOPHUCTAHHS MEBHUX IHAYKY-
I0YMX KOMIIOHEHTIB B CKJaJi IOXUBHHX CEPEIOBHII]
rpuld TepexoquTh IO HAICHHTE3Y JIKOMiHy abo iHIIIX
KapoTuHoimiB [9-11].

B. trispora yTBOprO€ KapOTHHOIIH B XOi TTTHONHHOTO
CYMICHOTO KYJIbTHBYBaHHS JJBOX ioro crateBux (+) i (-)
¢opm. [loBHa TexHOJOriYHa cXeMa OTPUMAHHS Kapo-
THHOIAIB 32 JONOMOTOI0 OOpaHOTO  MPOAYIEHTa
B. trispora nependayae Tako)XK ITOBEPXHEBE BHPOIILY-
BaHHs rpuda, sike € 000B’I3KOBUM MPH TPUBAIOMY 30epe-
JKEHHI KyJIbTYpH Ha arapiu30BaHUX MMOXXHUBHUX CEpPEIOBHU-
max Ta Ha CTajil MiATOTOBKH MOCIBHOTO Marepiany
npoxyuenra [12]. Ha ganiii cranii (miaroroBka nociBHOTO
Matepiany) (+) i (-) mramm Tpuba, SAKi KyTbTHBYIOTH
OKpPEMO, YTBOPIOKOTH CIIOPH. |HTEHCHBHICTBH K€ CIIOpO-
YTBOPEHHS PO3IIIAAETHCS SK BOXKIMBUI MapaMeTp sIKOCTI
Ta (i31070TIYHOI aKTHBHOCTI IMOCIBHOI KynbTypH. Tak,
BHUSBIICHO BIUIMB KiNBKOCTI CIOp TPOAYLEHTa, IO
BHOCATBECSI B MATOYHI KOJIOM, Ha SIKICTh HE TIJIBKH IOCIB-
HOTO MaTepiaiy, ajie i Ha IHTeHCHBHICTh KApOTHHOTEHE3Y
y ¢epmenTepax. BcraHoBieHO, 110 NMpHU BUKOPHCTaHHI
1-10°-1-108 criop Ha 100 My cepenoBHILA YTBOPIOETHCS
JpioHOMUCTIEpCHUH, (I310JIOTIYHO AKTHBHUMA MiLeii.
[IprgoMy BHsBIICHA 3aJEKHICTh MK KUIBKICTIO CIIOp 1
SKICTIO Millesiro rpuba Bnactusa i s (1), 1 1 (-) popm
JOCIHIPKYBaHOTO TPOJYLEHTA. BCTaHOBIEHO TaKoXK
MO3UTHUBHUI BIUIMB ONTHUMAJIbHOI KUIBKOCTI CIIOp B

imokymomi  (1:10°~1-10%) ma kapoTuHCHHTE3yIOUY
3JaTHICTB Tpubda B. trispora Ha craaii pepmentanii [13].

AJle OCHOBHOIO TIpo0OsIeMoro, sika Oyjia BHSIBIECHA B
X0Ai GaraTopiuHOi NPaKTHYHOI POOOTH 3 JaHUM MPOJY-
LCHTOM, BUSIBWJIACS HECTaOUIBHICTH CHOPOYTBOPEHHS SIK
y (+) Tak i y (-) mTamiB rerepoTaniqHoro rpuda. Tak, y
MOBEPXHEBIl KyJIbTypi HA arapu30BaHOMY >KHBHIEHOMY
CepeloBUIII CHOpH abo MPaKTUYHO BiACYTHI, abo X
YTBOPIOIOTECS y BEIHMKHMX KIIBKOCTAX — 10 3-107 mr
na 1 cm?. [Ipu bOMy 30aTHICTB J0 CIIOPOHOLIEHHS (+) 10
(-) cdopm 3miHtOETBCST He npomnopuiiHo [14]. Tomy
BOXJIMBO IATPUMYBAaTH y rpuba 34aTHICTH IO CIIOPO-
YTBOpPEHHS Ha cTablIEHOMY 1 JOCTaTHHO BUCOKOMY DiBHI.

Meta mociigkeHHs

Meta poOOTH TmoNATaE y BHSBICHHI CIOCOOIB
MIBUINEHHS PiBHSA CIIOPOYTBOPIOIOYOI 3IATHOCTI Tprba
Blakeslea trispora B yMOBaxX IMOBEPXHEBOTO KYJIBTHUBY-
BaHHS.

3asoanns pobotu:

- BU3HAYUTH BIUIUB HA PIBEHb CIIOPOYTBOPEHHS Y (+)
ta (-) WTaMiB MyKOpoBoro rpuba B. trispora Takoro
¢izuaHOTO (haKTOpA, SIK TPUBAIICTH OCBITIIEHHS] BUIMMUM
CBITJIOM;

- BUSIBUTHU BIUIMB Ha JIOCHIIPKYBaHHH TPOIEC Pi3HUX
JUISTHOK CTIEKTPY BUIMMOTO CBITIa;

- BUBHAUUTH 3QJICKHICTh PO3BUTKY  IOMYJISIIH
B. trispora, oTpuMaHMX 3 KOCSIKiB, BUPOILEHUX B YMOBax
IHTCHCHBHOTO OCBITJICHHS B TIPUCYTHOCTI JESKHX
PCYOBHH-aHTHOKCHAAHTIB.

Martepiaam i MeToan

PobGoty BHKOHaHa B yMOBax HayKOBO-IOCHIIHOI
naboparopii «Mouekyssipoi  Giostorii Ta  MiKpoOHOT
6iotexHoorii» BiamosigHo 10 HIAP «B3aemoBimHOCHHH
MiIKpOOprasi3miB B 0ioIeHO3ax» (Iep)KaBHHUHA peecTpa-
niitanit Homep — 0125U0002226).

(+), (-) wramm rpuba-NPOAYLEHTa BUPOILYBAIH
PO3IUTBHO HA CyCIIo-arapoBuX Kocskax [14, 15]. Heoxmi-
JIeHE TIMBHE CYCJIO PO30aBIIIOCS BOIOMPOBIAHOIO BOAOIO
mo 7° mo bamniary; pH mo 6,5 moBommmu 33 %-HuM
inkum HaTpoM. [lo HarpiToro Ha BOAsHII GaHi PO3UMHY
momaBand 2,5 % arap-arapy, IicCias pPO3IUIABJICHHS
SKOTO CepeoBuIle pozuBaik 1o 7—10 i B npobipku
Tb 18-80. IIpobipku 3 cepesoBHILEM 3aKPUBAIN BaTHO-
MapJICBUMHU MPOOKAMH 1 MijIaBaiu 000B’sI3KOBIH TepMi-
yHii 00poOui (crepmimizyBanu) TpuBajicTio 45 XB. y
cTepwiizaropi mapoBoMy enekrpuuHomy BK-75 mpu
1,5 atmocepax [16]. Tapsai  micnst  crepuuizarii
mpoOipku BcTaHOBMIOBaNH Tix kKytom 30-35 © i BuTpH-
myBanu mipu 27 °C mpotarom 1-3 mi6 1 mepeBipKu cTe-
PHIIBHOCTI TOTOBOTO TTOKUBHOTO cepenoBuia [ 14, 16].

[TociB Ha KOCSKM NPOBOAMBCSA CYMIIIIIIO CHOpP i
BEreTaTHBHOTO MIIIETiI0, 3HATUX 3 IMOBEPXHI My3eHHOTO
KOCsIKa MIKOJIOTIYHHM radkoM. My3eliHa KyJeTypa 30epi-
rajacs Ha arapu3oBaHUX TIOXKMBHHX CEPEJOBUILAX.
3acisHi kocsku BUTpuMyBanu npu 28 °C mpotsrom 7—
10 1i6. B mpoOipku 3 TOTOBUM IOCIBHUM MaTepiaioM
3amuBany 1o 10 Myl cTepHiIBHOI IUCTHIILOBAHOI BOIU
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i 3a JONOMOrOI MIKOJIOTIYHOTO Tayka 3 HaciukaMu
("rpabmi") cycrieHIyBai CIOPH 1 BEreTaTHBHUH MITICITiH.
OTtpuMaHy criopo-MinesiaabHy CyCHeH31l0 BAKOPUCTOBY-
BaJIM JUIA 3aciBy Mpobipok abo vammok [lerpi.

CepenoBuma sl MOBEPXHEBOI'O KYJIBTHBYBAaHHS
MPOJYLICHTA arapu3yBald 1 CTEPHI3yBajld aHAIOTIYHO
cepeloBUIIaM I My3eHHHX 1 poboumx Kocskie. Cre-
pUJIbHE CEpelOBUIIE B rapsdoMy CTaHI PO3IHMBAIN B
gamky [letpi mapom 2-3 MM i BuTpumyBamm 1-3 mobu
mpu 27 °C. Ilpm po3miTsHOMY BHPOIIYBaHHI 3aciB
nposoauscst 0,5—1 mut criopo-minenianbHoi cycnensii (+)
a0o (-) wrramy. Jlnst mOpiBHSHHS 3pOCTaHHS pi3HOCTATE-
BUX IuTaMiB yamku Ilerpi 3aciBanyu B NPOTHIICKHHX
KIHIIX CIIOPO-MiLIENiabHOIO CYMIIIIIIO, 3HATOI MIKO-
JIOTIYHUM TadyKOM 3 TIOBEpXHI poOOYMX KOCSKIB BiAIO-
BIJTHOTO IITAMY.

CropoyTBOPIOIOYY 3AaTHICTh Tprba B IMOBEPXHEBIH
KYJIBTYpi OLIHIOBAIN 33 KUIBKICTIO criop Ha 1 cm?. Jlnst
MiAPaxXyHKy KUTBKOCTI CIIOp KOPHCTYBAJIHCS PaxyHKO-
BUMH Kamepamu [16].

VY X0/ CTaTUCTHYHOT 0OPOOKH OTPHIMAaHUX PE3yIbTa-
TIB  BUKOPHCTOBYBAJM  IpOorpaMHe  3a0e3neyeHHs
Microsoft Excel [17]. Tlpu nupoMy BH3Hauanm cepenHi
apupmernuHi BHOIPKM Ta CTaHAApTHE BiJAXHUJICHHS.
OmuiHKa JOCTOBIPHOCTI pe3yibTaTiB MpOBOAMIACT 3
ypaxyBaHHsM t-kputepis CrbrofeHTa. 3a JOCTOBIp-
HICTh BiIMIHHOCTEW IOCIIJHUX THapameTpiB MpUAMAIN
p <0,05.

PesyabTaTh Ta ix 00roBopeHHs

[Ipomec inTeHCHIKAIl CIIOPOYTBOPEHHS y TPHOIB
TICHO TIOB’SI3aHUH 3 EKOJIOTIYHUM OTOoueHHsM. CTHUMY-
JlaMH B IIbOMY BHIIAIKy MOXYTh OyTH pi3Hi (pakropu
30BHIIIHBOTO CEPEAOBHILA, CEPe] IKUX CYTTEBE 3HAUCHHS
MaroTh 1 ¢i3uuHi, i XiMiuni BBy [18]. Tak, B po6oTi
[19] mocmijkeHO BIUIMB JIa3€pHOTO ONPOMIHEHHS He
TIJIBKH Ha MIBUIKICTH PaiajbHOTO POCTY, a i Ha Mop¢o-
JIOT1YHI 0COOJIMBOCTI MiLIEIiI0 IOCIIDKEHUX IpHOiB Ta Ha
BMICT KapOTUHOIIB B Milleiii rpubiB Laetiporus ulfureus.
[TixiOpani TakoX 7031 CBITJIA PI3HUX CIIEKTPIB 3 OJHAKO-
BOIO IIUTBHICTIO €HEPTil, AKi MPOSBISUTH MO3UTHBHY IO
Ha pO3BHUTOK rpubiB-Oazumiominerie [20]. Taxox
mpencTaBlieHa iH(OpMAIiss Tpo TO3UTHBHUM BIUIHB
pI3HMX TEXHOJOTIYHMUX pEXHMIB aepamii Ha Oio-
CHHTETHYHI MPOLIECH B KIiTHHAX rpuba B. trispora [21].
B poboti [22] mocmimkeHO 3aJIe)KHICTh POCTOBHX Ta
MeTabOIYHUX MPOIICCiB KapOTUHOTECHE3Y y
Rhodosporidium diobovatum IMB Y-5023 Bing ckmamy
KyJIbTypaJIbHOTO CEPEIOBHINA Ta BiJ IHTEHCHBHOCTI
OCBITJICHHSI.

Tak sk B HayKOBid JiTepaTypi MPaKTUYHO BiJICYTHI
JlaHi TIpO BIUIMB Takoro (hizndHoOro (axropa, K CBITIIO,
Ha CIIOpOHOUICHHS Tpuda B. trispora, Oymu mpoBeneHi
JIOCJILIN TI0 BUBYEHHIO ITi€1 3aIeKHOCTI.

J1nst OCBITIIEHHS MOBEPXHEBOT KYJIBTYPH HOCITIIKYBa-
HOTO Trpuba-POAYLCHTAa BHKOPHUCTOBYBAIM COHSYHE
OCBITJIEHHS 1 JaMIIA JEHHOTO CBITJIa IHTEHCHUBHICTIO
6mu3pko 300 moke. KymeTypy BUpOIIyBajdM MPOTSATOM
cemMu ni0, IHTCHCHUBHICTh CIIOPOHOIICHHS OIIHIOBAJIN
3a KiJIbKICTIO CIIOp, 10 yTBOpWIKcs Ha 1 cM? cybeTpary.
SIK KOHTpOJIb BHKOPHCTOBYBAJIM KOCSKH, SKi Oyiu
BHPOIIICHI B TEMPSIBI.

BuBUEHO BIUIMB TPUBAIOCTI OCBITICHHS BHIAMHM
CBITJIOM Ha CHOpPOYTBOPIOIOYY 3JaTHICTH B. trispora.
Kocsiku mijgaBanuicss OCBITIEHHIO 3 MOMEHTY iX 3aciBy
npotsirom 1-7 ni6.

PesynbraTi mocmipKeHb TpeAcTaBieHi rpadidHo Ha
pucyuky 1.

10 —o—1

9

Kinbkicts criop, mwr 105/cm?
[*)}

0 2 4 6

Yac, noda

Puc. 1. 3anexHiCTh CITIOPOYTBOPIOIOYO] 3110HOCTI rprba
B IIOBEPXHEBiH KYIBTYpi BiJl TEPMiHY OCBITICHHS
BHIUMUM CBITJIOM: | — (+) mitam, 2 — (-) mTam

Sk BuAHO 13 pucynky 1, IHTEHCHBHICTH CIIOpPO-
HOIIICHHS TPU 30UIBIICHHI TPUBAIOCTI OCBITIICHHS BiJ
1 1o 4 ni6 3pocrae i 1ai TPaKTUYHO HE 3MIHFOETHCA.

BcraHoBneHo, mo mij BIUIMBOM BHIMMOTO CBITJIa
3MIHIOETBCS TAK0X 1 MOp(OIOTis

criop y o6ox ¢opm rpuba. Cropu, 0 BHPOCIH B
TempsiBi, ApiOHi, HeoxHOpinHi. CropH Xk, BHPOIIEHI Ha
CBITIIi, OTHOPi/THI 32 MOP(OIIOTIYHUMH O3HAKAMH 1 MAIOTh
3HAYHO ORI pO3MipH.

TakuM 9UHOM, TSI OTPUMAHHS MaKCHMAIBHOI KiJb-
KOCTI CIOp TMOBEPXHEBY KYJIbTYpy TIpuba HEOOXiIHO
BHUCBITJIIOBAaTH He MeHIIe 4 11i0.

BpaxoByroun, 110 BUAMME CBITJIO OXOIUTIOE JOCHUTh
HIMPOKY JAUISHKY €JIEKTPOMAarHiTHUX KOJHMBaHb Bij
400 mo 760 um [23], cepem SKUX MOXYTh OyTH HE
TIJIBKH 1HIIIFOFOYI, 8 W 1HrIOYrOYi CIIOPOHOIICHHS, 0YJI0
BUBYEHO BIUIMB Ha JIOCTI/DKYBaHUM IIpoIEeC pPi3HUX
JIUITHOK 1BOro chekTpy: ¢ionmeroBoro (A = 430 HM),
cuporo (A = 470 um), 3enenoro (A = 550 HM), KOBTOTO
(A =600 M) i vepBoHOTO (A = 650 HM).

OTtpuMaHi pe3yJIbTaTH NIpeACTaBleHi B maodauyi 1.

Tabanus 1
BrumuB okpeMuXx AiNSHOK CIEKTPa BUAUMOTO CBITJIa HA CIOPOYTBOPEHHS
y Blakeslea trispora

Ne JloB)KHHA XBHJIL, KinbkicTs criop,

3/ HM mr/cm’
1 |TempsiBa 1-10°+0,05-10°
2 430 (dioneroBuii) IIpakT4HO HEMA€E
3 470 (cuHiii) 10-10°+0,50-10°
4 550 (3eneHwuit) 13-10° £ 0,65-10°
5 |580 (>xoBTHif) 23-10°+0,92-10°
6 600 (momapaH4eBHii) 24-10° £ 0,96-10°
7 1650 (uepBoHHii) 37-10°+1,48-10°
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Sk BUIHO 3 IpuBeeHOT maobauyi 1 iHridyro4y it Ha
MIPOIIeC CIIOPOYTBOPEHHSI Y B. trispora Hajgae TUIBKU
¢ionerose cBiTiI0. Bei iHI ALISHKY CHIEKTpa BUIUMOTO
CBITJIa CTUMYJIOIOTH cropoHoueHHs. [Ipudomy 3i
30UIBIICHASAM  JOBXHWHH  XBWJII  CHOPOYTBOpIOIOYA
3MaTHICTh Tpuba  MiABHINIYEThCcS.  MakcuMaIbHUN
CTHUMYJIOIOUUN e(pEeKT OTPHMaHO TP BHUCBITIICHHI
KOCSIKIB 3 KyJbTypor0 Tpuba UYEpBOHHM CBITIIOM.
KimpkicTe cmop B IbOMY BHIAAKy 30iUTbIIHIIACS B
TTOPIBHSAHHI 3 TEMHOBAM KOHTpOJIEM B 37 pasiB.

TakuM 4uHOM, CBITJIO € (hakTOpOM, IO JO3BOJISIE
3HAQYHO IHTEHCU(]IKYBaTH IMPOLEC CIIOPOYTBOPEHHS Yy
B. trispora.

OjHak, CBITIO 3JaTHE BHKJIUKATH JIAHIFOI'OBI
panuKalibHI MPOIecH OKUCIIeHHs B KiiTuHi [24]. [Ipouec
TTOYMHAETHCS OKUCIICHHSM HEHACHUCHHX )KUPHUX KHCIOT
B KJIITHHHUX MeMOpaHax, IOTIM IepeJaeThesl Ha CycCimHi
MOJIEKYJIM, B TOMY 4YHCHi OLNKH, IO TPU3BOIAMUTH IO
opymeHAs (pyHKIIOHYBaHHS KIITHHH 1 B KiHIIEBOMY
miacyMKy Ao ii 3aru6eni. I[lokasaHo, HAIPHUKIIAM, IO TTiJT
BIUIMBOM CBITJIa BifOYyBa€eTbcs pyHHYBaHHS MeMOpaH
JM3UCOM 3  HACTYNHHM BHUAUICHHAM  JII30COMHHX
¢depmenTiB [24]. TokcuuHy [if0 CBiTJIa, 3BHYAIHO,
NPUTHIYYIOTh BHECEHHSM B JKMBWIBHE CEPEIOBHUILE
JUIs  BUPOLIYBaHHS  MIKPOOpPraHi3MiB  PEYOBHH-
AQHTUOKCH/IAHTIB. Sk aHTHOKCHIAHTH 3aCTOCOBYIOTbH
Tokodepo (Biramid E), ackopOiHOBY, TMMOHHY KUCJIOTH,
LUCTETH, CEYOBUHY.

Y  IOoCHiKYBAaHOTO TPOAYIEHTa B pPe3yJbTaTi
0araTopa3oBOro CBITJIOBOI'O ONPOMIHEHHS MOXYTb
BUHUKAaTH HeOakaHi TpoOIecH, SAKi IMOPYIIYIOTh
MeTadoMi3M KIITHHH. TOMYy BHBYEHO BIUIMB Pi3HHX
AQHTHOKCHJIAHTIB Ha PICT 1 KapOTHHOTEHe3 MOIyJIAIii
B. trispora, oTpuMaHHX 3 KOCSKIB, BUPOLIEHHX B yMOBax
IHTCHCUBHOTO OCBiTJIICHHS. JIMMOHHY, acKopOiHOBY
KUCIIOTH, BiTamiH E, UCTeH Ta CEYOBHMHY BBOJMJIM B
kibKkocTi 0,1 % B IIiIbHE arapu30BaHe CEPEIOBHILE IS
BUpOIIyBaHHA rpuba. KoHTpoieM CIyXWin KOCSKH 3
CyCJIO-arapoOBHM  CepelloBHIIEM 0e3 J00aBOK  IHX
pEUOBHH.

BcraHoBneHo, 1110 JOCIHIIKYBaHI aHTHOKCUAAHTH HE
BIUIMBAIOTh Ha 3JATHICTh MPOJYLEHTAa HaKOIWYyBaTH
Giomacy 1 cuHTe3yBaTH OeTa-KapOoTWH. |HTEHCHBHICTB
CIIOPOHOILICHHSI ITPY IIbOMY TaKO0X HE 3MiHIOETBCSL.

TakuM 4YHMHOM, BBEACHHS AHTHOKCHIAHTIB B
KMBUJIbHE CEpelOBUINE Ha CTajii IOBEPXHEBOTO
KyJbTUBYBAaHHS HE MPU3BOIUTH 110 3MiHU ()i3i0JIOTIIHOT
aKTUBHOCTI TPOAYIEHTAa 1, OTXe, HE BIUIMBAE Ha
pesynpTar Qepmenrarii. Lle cBigunTh Tpo Te, MIO
CBITJIOBE ONPOMIHEHHS IOCIBHOTO MaTepialy 3 METOIO
IHII[IFOBAaHHS CIOPOHOIICHHS HE BHUKJIMKAE MOMITHHX
paaiKaJbHUX OKHCIIIOBAJIBHUX IIPOLECIB B KIITHHAX
rpuba i He NPU3BOJUTH JIO BTPATH NMPOAYLIEHTOM HOTO
AKTHBHOCTI.

BucnoBku

B poOori Bu3HaueHi cnocoOM IiJIBUILEHHS PIiBHS
CIIOPOYTBOPIOIOYOI 31aTHOCTI rpuda Blakeslea trispora
B YMOBaX IOBEPXHEBOIO KyJIbTHUBYBAaHHS: CBITJIO €
(dakTOopoM, MO JI03BOJISIE 3HAYHO IHTEHCHU(IKYBaTH
npoLec CIOPOYTBOPEHHS Yy MpoayLeHTa. i1 oTpuMaHHs
MaKCUMAIBHOT KUIBKOCTI CHOpP ITOBEPXHEBY KYJBTYPY

rpuba HEoOXiJHO OCBITJIIOBATH HE MeEHIIe 4 ni0 mpu
inTeHcuBHocTi 300 sIOKC.

BcranoneHo, 1o iHriOyr04dy Jif0 Ha MpoIec Cropo-
YTBOpeHHs Yy B. trispora Hajgae QioyieToBe CBITIIO.
MaxkcuManbHUA CTUMYJIOIOUAN e(eKT OTPHUMAHO IpH
BHCBITJICHHI KOCSKIB 3 KYyIBTYypOlO Tpuba YEepBOHUM
cBiTiIOM. KilTbKiCTh CTIOp B IIOMY BHITAIKY 301LTBIITHIIACST
B MIOPIBHSIHHI 3 TEMHOBUM KOHTpoJieM B 37 pa3iB.

HeratuBHOro BHMBY BHKOPHCTaHHX pPEYOBHH-
AHTHOKCU/IAHTIB  (JTMMOHHA, acKOpOiHOBa KHCIIOTH,
BitaMiH E, nmcreiH, cedyoBWHa) Ha CIIOPOYTBOPEHHS 1
PO3BUTOK TIIMOMHHOT KYJIBTYpH TprOa HE BUSIBIICHO.

IHepcnexmusamu nodanvutux 0ocuiodicens Tependa-
YaeThCs BU3HAUUTH CIIOCOOM iHTeHcU(iKalii Ccropo-
YTBOpEeHHs y Tpuba B. (rispora 3 BUKOPUCTaHHAM XiMid-
HUX (aKTOpiB.

JNEKJIAPAIIII

Emuuna 3as6a
He 3acrocoByetbcsl.

Dinancysanns
JocnipkeHHs He OTpPUMYBaJIO 30BHIIIHBOTO (hiHAHCY-
BaHHSI.

Kondgnixm inmepecis
ABTOpH CTBEpIKYIOTH IIPO BiJCYTHICTH KOHQIIKTY
IHTEpECiB.

Tloosiku
Hewmae.

Jexnapayis wooo euxopucmanns LIl ma mexnonoeii
Ha ocHoei LT

ABTOpU 3asBISIOTH, IO HE BUKOPUCTOBYBAIH
IITYYHUH iHTENeKT abo TexHouorii Ha ocHosi LI mix vac
MiTOTOBKH IILOTO PYKOITHCY.

References

1. Green, A.S., & Fascetti, A. J. (2016). Meeting the vitamin A
requirement: The efficacy and importance of B-Carotene in
animal species. The Scientific World Journal, 2016, 1-22.
https://doi.org/10.1155/2016/7393620

2. Shin, K.-C., Seo, M.-J., Kim, Y.-S., & Yeom, S.-J. (2022). Molecular
properties of B-carotene oxygenases and their potential in industrial
production of vitamin A and its derivatives. Antioxidants, 11 (6),
1180. https://doi.org/10.3390/antiox 11061180

3. Simakhina, H.O. (2010). Funktsionalna rol karotynoidiv ta
osoblyvosti yikh vykorystannia u kharchovykh tekhnolohiiakh
[Functional role of carotenoids and features of their use in food
technologies]. Naukovi Pratsi Natsionalnoho Universytetu
Kharchovykh Tekhnolohii, 33, 45-48. [in Ukrainian]

4. Avalos, J., & Carmen Limén, M. (2014). Biological roles of fungal
carotenoids. Current Genetics, 61 (3), 309-324.
https://doi.org/10.1007/s00294-014-0454-x

5. Mata-Goémez, L.C., Montafez, J.C., Méndez-Zavala, A., &
Aguilar, C.N. (2014). Biotechnological production of
carotenoids by yeasts: an overview. Microbial Cell Factories,
13 (1), 12. https://doi.org/10.1186/1475-2859-13-12

6. Sovljanski, O., Saveljié, A., Tomi¢, A., Seregelj, V., Lonéar, B.,
Cvetkovi¢, D., Ranitovié, A., Pezo, L., Cetkovié, G., Markov, S.,
& Canadanovié-Brunet, J. (2022). Carotenoid-producing yeasts:
selection of the best-performing strain and the total carotenoid
extraction procedure. Processes, 10 (9), 1699.
https://doi.org/10.3390/pr10091699

Scientific Progress & Innovations e 29 (1)

90


https://doi.org/10.1155/2016/7393620
https://doi.org/10.3390/antiox11061180
https://doi.org/10.1007/s00294-014-0454-x
https://doi.org/10.1186/1475-2859-13-12
https://doi.org/10.3390/pr10091699

7. Saini, R. K., & Keum, Y.-S. (2018). Carotenoid extraction methods:
A review of recent developments. Food Chemistry, 240, 90-103.
https://doi.org/10.1016/j.foodchem.2017.07.099

8. Shevchenko, L. V., Mykhalska, V. M., Yaremchuk, O. S., Kaminska, O. V.,
& Baier, O. V. (2018). Dzherela karotynoidiv ta yikh kharakterystyka
(ohliad) [Sources of carotenoids and their characteristics
(review)]. Science Review, 8 (15), 19-26. [in Ukrainian]

9. Krychkovska, L.V., Birta, H. O., & Karpushyna, S.A. (2025).
Pidvyshchennia  biosyntetychnoi  aktyvnosti  mikrohryba
Blakeslea trispora [Increasing the biosynthetic activity of the
microfungus Blakeslea trispora). In Problemy ta dosiahnennia
suchasnoi biotekhnolohii: V mizhnarodna naukovo-praktychna
konferentsiia  [Problems and achievements of modern
biotechnology: Sth International Scientific and Practical
Conference] (pp. 235-236). Natsionalnyi farmatsevtychnyi
universytet [in Ukrainian]

10. Wang, H.-B., Xu, R.-G., Yu, L.-J.,, Luo, J., Zhang, L.-W.,,
Huang, X.-Y., Zou, W.-A., Zhao, Q., & Lu, M.-B. (2014).
Improved B-Carotene and lycopene production by Blakeslea
trispora with ultrasonic treatment in submerged fermentation.
Zeitschrift  Fiir  Naturforschung C, 69 (5-6), 237-244.
https://doi.org/10.5560/znc.2013-0122

11. Bindea, M., Rusu, B., Rusu, A., Trif, M., Leopold, L. F., Dulf, F., &
Vodnar, D. C. (2018). Valorification of crude glycerol for pure
fractions of docosahexaenoic acid and B-carotene production by
using Schizochytrium limacinum and Blakeslea trispora.
Microbial Cell Factories, 17 (1), 97-110.
https://doi.org/10.1186/s12934-018-0945-4

12. Sandmann, G. (2022). Carotenoids and their biosynthesis in fungi.
Molecules, 27 (4), 1431.
https://doi.org/10.3390/molecules27041431

13. Zubareva, I. M., Skliar, T. V., & Mitina, N. B. (2022). Vplyv yakosti
posivnoi kultury na rostovi i biosyntetychni kharakterystyky
produtsenta beta-karotynu Blakeslea trispora. In Suchasni
dosiahnennia farmatsevtychnoi tekhnolohii i biotekhnolohii:
Zbirnyk naukovykh prats X Mizhnarodnoi naukovo-praktychnoi
konferentsii  (pp. 125-126). Natsionalnyi farmatsevtychnyi
universytet. [in Ukrainian].

14. Breitenbach, J., Fraser, P. D., & Sandmann, G. (2012). Carotenoid
synthesis and phytoene synthase activity during mating of
Blakeslea trispora. Phytochemistry, 76, 40-45.

https://doi.org/10.1016/j.phytochem.2011.12.017
15. DP "UkrNDNTs". (2018). Solod pyvovarnyi iachminnyi. Zahalni

tekhnichni  umovy [Barley malt for brewing. General
specifications] (DSTU 4282:2018). Ministry of Economic
Development and Trade of Ukraine.

https://online.budstandart.com/ua/catalog/doc-
page.html?id_doc=79566 [in Ukrainian]

16. Solomon, A.M., & Bondar, M.M. (2022). Mikrobiolohiia.
Metodychni vkazivky do vykonannia praktychnykh robit dlia
pidhotovky  zdobuvachiv ~ vyshchoi  osvity  pershoho
(bakalavrskoho) osvitnoho rivnia [Microbiology. Methodological
instructions for practical work for the preparation of applicants
for higher education of the first (bachelor's) educational level].
Vinnytsia National Agrarian University. [in Ukrainian]

17. Petrovska, I.R., Salyha, Yu.T., & Vudmaska, I.V. (2022).
Statystychni  metody v biolohichnykh  doslidzhenniakh:
navchalno-metodychnyi  posibnyk [Statistical methods in
biological research: A textbook]. Ahrarna Nauka. [in Ukrainian]

18. Fuller, K.K., Loros, J.J., & Dunlap, J.C. (2014). Fungal
photobiology: visible light as a signal for stress, space and time.
Current Genetics, 61 (3), 275-288.
https://doi.org/10.1007/s00294-014-0451-0

19. Reshetnyk, K. S. (2020). Vplyv lazernoho vyprominiuvannia ta
kontsentratsii hliukozy na vmist karotynoidiv u mitselii hrybiv
[Influence of laser radiation and glucose concentration on the
content of carotenoids in mushroom mycelium]. Chornomorski
Botanical Journal, 16 (4), 333-342.
https://doi.org/10.32999/ksu1990553%/2020-16-4-6

Reshetnyk, K., & Prysedsky, Y. (2020). Vplyv lazernoho
oprominennia na nakopychennia biomasy ta ekzopolisakharydiv
hryba Schizophyllum commune Fr. [Influence of laser irradiation
on biomass and exopolysaccharides accumulation of
Schizophyllum commune Fr. fungus]. Notes in Current Biology,
1 (389), 25-30. https://doi.org/10.29038/2617-4723-2020-1-389-
25-30 [in Ukrainian]

21. Anatskyi, A. S., & Kunshchykova, Ye. O. (2009). Vplyv stupenia
aeratsii kulturalnoi ridyny na biosyntetychnu aktyvnist hrybnoi
kultury Blakeslea trispora [Influence of cultural fluid aeration
stage on biosynthetic activity of Blakeslea trispora fungus
culture]. Visnyk Dnipropetrovskoho universytetu. Biolohiia.
Ekolohiia, 17 (2), 15-19. [in Ukrainian]

Ielchishcheva, 1., Stachowiak, B., Szwengiel, A., & Bozhkov, A.
(2017). Growth and carotenogenesis in Rhodosporidium
diobovatum IMB Y-5023: effects of culture medium and
illumination intensity. FEMS Microbiology Letters, 365 (1), 261.
https://doi.org/10.1093/femsle/fnx261

. Arnautov, A. (2023). Nash novyi spektr vydymoho svitla — rezultat
povtornoi dyspersii klasychnoho spektra Niutona: Povidomlennia
piate pro novyi spektr vydymoho svitla [Our new spectrum of
visible light is the result of re-dispersion of Newton's classical
spectrum: Fifth message about the new spectrum of visible light].
Nauka i Tekhnika Sohodni, 10 (24), 350-370.
https://doi.org/10.52058/2786-6025-2023-10(24)-350-370
[in Ukrainian]

Corrochano, L.M. (2019). Light in the fungal world: From
photoreception to gene transcription and beyond. Annual Review
of Genetics, 53 (1), 149-170. https://doi.org/10.1146/annurev-

genet-120417-031415

20.

22.

23

24.

ORCID
1. Zubareva https://orcid.org/0000-0002-8160-6519
H. Safonova https://orcid.org/0009-0004-8306-6060
O. Dregval https://orcid.org/0000-0002-0560-5514
V. Havrylyuk https://orcid.org/0000-0003-0112-3275
T. Sklyar https://orcid.org/0000-0003-0224-2460

@ 2026 by the author(s). This is an open-access article distributed under the Creative Commons Attribution License
@ http://creativecommons.org/licenses/by/4.0, which permits unrestricted use, distribution, and reproduction in any medium,
BY provided the original author and source are credited.

Scientific Progress & Innovations e 29 (1)

91


https://doi.org/10.1016/j.foodchem.2017.07.099
https://doi.org/10.5560/znc.2013-0122
https://doi.org/10.1186/s12934-018-0945-4
https://doi.org/10.3390/molecules27041431
https://doi.org/10.1016/j.phytochem.2011.12.017
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=79566
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=79566
https://doi.org/10.1007/s00294-014-0451-0
https://doi.org/10.32999/ksu1990553x/2020-16-4-6
https://doi.org/10.29038/2617-4723-2020-1-389-25-30
https://doi.org/10.29038/2617-4723-2020-1-389-25-30
https://doi.org/10.1093/femsle/fnx261
https://doi.org/10.52058/2786-6025-2023-10(24)-350-370
https://doi.org/10.1146/annurev-genet-120417-031415
https://doi.org/10.1146/annurev-genet-120417-031415
https://orcid.org/0000-0002-8160-6519
https://orcid.org/0009-0004-8306-6060
https://orcid.org/0000-0002-0560-5514
https://orcid.org/0000-0003-0112-3275
https://orcid.org/0000-0003-0224-2460
http://creativecommons.org/licenses/by/4.0

