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BY
AHHOTAIHSA.

T'pubst BunoB Cordyceps militaris u Lentinula edodes n3BecTHBI CBOCH BHEKICTOYHON MPOTCOTUTHYECKOM, AMUTIOTUTHICCKON
U JIaKKa3HOH aKTMBHOCTSIMH, BaKHBIMU [T XJieOoneuenus. Llens paboTsl 3aKiroyanack B HCCIEJOBAHNH BIUSHUS (PEPMEHTOB
rpuboB C. militaris u L. edodes Ha XapaKTepUCTHKH MYYHBIX CMECEH, CBSI3aHHBIE C aKTUBHOCTHIO (DEPMEHTOB aMIJIOITUTHYECKOTO
U IPOTEOJIMTUIECKOTO JIEHCTBHS, a TAKXKe Ha KAYeCTBO U BBIXOJ] BBIIICYEHHBIX MYYHBIX H3JICITHH.

OO0BeKTaMu UcCIeAOBaHMS BEICTYNIN TaMMbl TpuboB C. militaris SRG4 u L. edodes 3790; mopomok 6nomMaccsl MULIETUS
rpu0OB Ha CTEPHIILHOM 36pPHOBOM CyOcTpaTe (PUC U MIIESHHIIA); CMECH MIIEHUYHON XJIeOONeKapHOH MyKH ¢ TOPOIIKOM OHOMAaCCH
Munenus rpuboB; obpasusl xiaeda U3 HKCIEePUMEHTATbHBIX MYUYHBIX cMecel. Mcrmonb30Banu cTaHAApTHBIE U OTPACIEeBBIE
METOJIbI KOHTPOJS CHIPBS ¥ IIPOAYKIINHU XJI€OOMEKapHOTo MPOU3BOICTBA.

YceranoBunu, yto Ouomaccy muuenus rpudos C. militaris n L. edodes M0XHO paccMaTpHBaTh KaK JOTOJHUTEIbHBIN XJe-
OomekapHBIil HHTpeIneHT 01aroaaps HaIn4Iuio GepMEeHTOB THIPOIUTHISCKOTO NeHCTBUS, coaepxkanmio Oenka (32,2 + 1,5 u
26,4 + 2,0 % COOTBETCTBEHHO), crIeUUIHBIX monucaxapuaoB (36,7 + 0,8 u 52,2 + 1,2 % coOTBETCTBEHHO) U KAPOTUHOHIOB
(1600 + 40 mxr/r 6umomaccs! C. militaris). Hanmaue B MUIeIny rprOOB aKTUBHBIX aMIJIa3 M IPOTEHHA3 00ECIEUIIIO TIOBBIIICHHE
caxapooOpasyroleil ciocoOOHOCTH, CHHKEGHUE YHCia NaJeHUs MYYHbIX CMECei M yBEJIMYCHHE KOJIMYECTBA OTMBIBAEMOI
KJICHKOBUHBI NIPH YMEHBIICHUH YIPYTOCTH, a TaKXKe IpHEeMJIEeMBble CTPYKTYpy M BA3KOCTb TecTa Ipu modaBieHHH 14 %
nopoluka 6uomaccsl MuLeaus. Brineuka u3aenuit ¢ Takoil 103upoBKoi oOecrnieunia nojiydeHue xjaeda CTaHIapTHOTO KayecTBa.
C yBeIMUeHUEM JO3MPOBKU OTMETHIHN ITOTEMHEHHE MSIKHUIIA U MOBBIIICHUE €0 BIAXKHOCTH, CHIKEHHE yAIbHOTO 00beMa;
y uznenuii ¢ C. militaris BHIIBUIN HapacTaHUE KUCIOTHOCTH.

TTomy4enusle pe3ybTaThl HOATBEPKIAIOT BOSMOXKHOCTD HCIOIB30BAaHMS B YCIOBUSIX XJI€00IEKapHOTO MIPOU3BOICTBA OMOMACCHI
mutienus rpu6os C. militaris u L. edodes (B kauecTBe HCTOYHHUKA (PEPMEHTOB) BMECTE C 3¢pHOBBIM cyOcTpaTom. OnpeaeneHue
ONTHMATBHON TO3UPOBKH U PEKUMOB BEJCHHS TEXHOJIOTHUECKOTO Ipornecca TpeOyIoT JOMOTHUTEIbHBIX HCCIST0BaHIH.

KuaroueBrble ciioBa. buorexnomnorus, ackomunetsl, 6asuaguomunetsl, Cordyceps militaris, Lentinula edodes, akTHBHOCTB
dbepmeHTOB, XJ1€0, TECTO, caxapoOpasyrinasi CIoCOOHOCTh, KIICHKOBHUHA, KAU4ECCTBO
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Abstract.

Cordyceps militaris and Lentinula edodes are known for their high extracellular proteolytic, amylolytic, and laccase activity,
which is important for bakery production. This article describes the effect of enzymes obtained from mycelial biomass of
C. militaris and L. edodes on such properties of flour mixes as amylolytic and proteolytic enzymic activity during baking,
technological costs, and bread quality.

The research featured strains of C. militaris SRG4 and L. edodes 3790 fungi; mycelial biomass powder of these fungi on
a sterile grain substrate (rice, wheat); experimental flour mixes of wheat bread and first-grade baking flour with mycelial
biomass powder; bread made from the experimental flour mixes. The experimental part included standard methods used in
the bakery industry.

The mycelial biomass of C. militaris and L. edodes fungi proved to be a promising baking additive because it possessed hydrolytic
enzymes and was rich in protein substances (32.2 + 1.5 and 26.4 + 2.0%, respectively), specific mushroom polysaccharides
(36.7 = 0.8 and 52.2 + 1.2%, respectively), and carotenoids (1600 + 40 mcg/g of C. militaris biomass). The active amylases and
proteinases in the mycelial biomass powder improved the sugar-forming ability and reduced the falling number. In addition,
they raised the amount of washed gluten with a slight decrease in elasticity, as well as provided an acceptable structure and
viscosity of the dough at 1-4% of mycelial biomass powder. This dose resulted in an optimal bread formulation of standard
quality. A bigger amount caused the crumb to darken and increased its humidity while reducing the specific volume. The bread
samples with C. militaris were too acid.

Mycelial biomass of C. militaris and L. edodes proved to be a good source of enzymes to be used with grain substrates in
bakery production. Further research is needed to define the optimal dose and processing modes.

Keywords. Biotechnologies, ascomycetes, basidiomycetes, Cordyceps militaris, Lentinula edodes, enzyme activity, bread,
dough, sugar-forming ability, gluten, quality

For citation: Minakov DV, Koneva SI, Egorova EYu. Mycelial Biomass Enzymes of Cordyceps militaris and Lentinula
edodes in Baking Technology. Food Processing: Techniques and Technology. 2024;54(2):222-235. (In Russ.). https://doi.
org/10.21603/2074-9414-2024-2-2502

Beenenne aMMJIa3kl U IPOTEasbl) U PeAHa3HAYECHHbBIC JUIsl OKUCIICHHMS,

Beicmime rpudsl otnenos Ascomycota v Basidiomycota JeTToTMMepH3anny 1 6ojee TIyO00KOro paciieTuICHIS
B Pa3IMYHBIX c(hepax MHPOBOTO MPOMBIIUIEHHOTO MPO-  KOMIIOHEHTOB CyOCTpara BO BpeMsl KyJbTHBUPOBAHHMSI,
M3BOJICTBA UCIIOJIB3YKOTCS HE OYEHb aKTUBHO, Halas B 80 % mpuMepoB UCTIONIB3YIOTCA IIOAOBBIE Tena, B 15 %
OCHOBHOE IIPUMEHEHHE B KYJUHAPUU U TPOU3BOJICTBE CIIydaeB B XOJ MJYT DKCTPAKTHI U3 OMOMACChI MHLIEIHSI.
KOHCEpPBOB, IIHUPE (C yIeTOM HEepPeuHsl BOCTPEOOBAHHBIX [Tpumepsl 1esteBoi nepepadoTKu cyOcTpara Uik KyJib-
BUJIOB) — B IIPOM3BOJICTBE MPOAYKIHMU (apMaleBTHUe-  TypalbHOM KHUIKOCTH MOCIE BHIPAIMBAHUS IPUOOB €11~
CKOTO Ha3HAYEHUS U TEXHOJIOTHAX OMoKoHBepeuu [1—4]. HU4HBI [2, 5-7]. B npouecce Ky IbTUBUPOBAHUS MULIEITHI
HecMoTps Ha TO 4TO MHOTHE U3 0a3UIMOMHIIETOB MPOIY- rprOOB BBIACIACT B CyOCTpaT HE TOIBKO (ePMEHTHI, HO
LUPYIOT BRKHBIE JJISI PA3IMYHBIX OMOTEXHOJIOTMYECKUX U crienupUIHbIe OMOJIOTMYECKH aKTHBHBIC META0OIUTHI —
MIPOLIECCOB BHEKJIETOUHBIE (DEPMEHTHI, OTHOCSAIINECS CTEpPHUHBI, OPraHNUECKHE KUCIOTHI U JP., KOTOPBIE Mpe-
K KJlaccaM OKCHJIa3 ¥ THjiposia3 (kapOorupassl, JJaKKasbl, CTaBJISIIOT MHTEPEC JUIs MUIEBOM NPOMBIIUICHHOCTH [4, §8].
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OmpezneneHnyo IEHHOCTb IS IEpepabOTKU MOTYT UMETh
caMM KOMITOHEHTHI MUTaTeIbHOM cpe/ibl. Harpumep, BBe-
JIEHHbIE BUTAaMHUHBI [9].

OCHOBHBIE YTJIEBOJIHBIE COCTABIISIONINE CYyOCTPATOB,
MIPUMEHSIEMBIX [UIS KYJIbTHBUPOBAHHS BBICIINX TPHOOB
B NPOMBIIUIEHHOM MaciuTabe, — 3TO yBIa)KHEHHBIE JIpe-
BECHHA WJIM JIPEBECHBIE ONMIIKH, COJIOMA 3JIAKOBBIX, JIy3ra
MAaCIIUYHBIX W JIUTHOIIEIITIONIO3HBIE IPOTHI PACTUTEILHOTO
coipbsi. Hanbonee 3(peKTHBHBIMU CUMTAIOTCSI HU3KOJIHT -
Hudwuimrposannsie cyocrparsl [4, 10]. [Ipu kommepue-
CKOM TIPOM3BOJICTBE Kopauierica BoeHHoro (Cordyceps
militaris) B KauecTBe cyOcTpaTa Al KyJIbTHBHPOBAHHUS
UCTIONB3YIOTCS 3epHA 3J1aKOB — IMIICHUIIBI, PUCa, KYKYPY3bI
W TIpoca, a Takke KyKypy3Hble mogatku [ 11]. CocTas cy0-
CTpaTa 3HaUYMTEIIHHO BIHSET HE TOJIBKO Ha MPOIYKTHBHOCTD
(yposkaii TUI0IOBBIX TEJI IPUOOB), HO M HA COCTAaB U BBIXO]I
OMOJIOTMYECKN aKTUBHBIX BEIIECTB M CHHTE3 MHILEINEM
cHenu(pUIHBIX apOMATHUECKUX KOMITOHEHTOB [ 12—-14].

B nepron pocra Mutienus BEIACISIOT ABE (ha3bl HAKOII-
nerns GpepmenToB. [lepBas aza conmpoBokIaeTcs aKTHUB-
HBIM CHHTE30M ITPEUMYIIECTBEHHO KapOorupas, Heooxo-
JIMMBIX JUTS ICTIOJIMMEPH3alliK MOJIMcaxapHuIoB cyocTpara.
Ora (haza npoaosmkaercs ot 1 10 3 HeeNnb pocTa MUIICIHSL.
Bropas ¢a3za naunnaercs ko BpeMeHU (hopMUpOBaHUS
TUTO/IOBBIX TeJl rpruOoB. /Il KaKA0ro OMOJIOrHYecKOro
BHUJIa XapaKTEpPeH CBOM BPEMEHHON MHTEpBaj BTOPOM
(a3er. B aToT mepuon rpuld BrIpadaThIBaeT PepMEHTEI
0oJiee MUPOKOTo U Crenu(UIHOro NmepeyHs, HeooXo-
JIMMBbIE KaK JIJIsl JaIbHEeHIIero paciierieHns cyocrpara,
TaK M I CHHTE3a-TpeoO0pa3oBaHUsI OMOXUMHUIECKUX
KOMIIOHEHTOB, BXOJSIIMX B COCTaB CAMOT'0 MHIEIHS U
wionoBbIX Ten [4, 6]. J{nsa umurake (Lentinula edodes)
Ha PaHHMX CTaJUIX aAaNTaliK K cyOCTpaTy XapakTepHa
TIOHV>KCHHAs! aKTUBHOCTD THIPOJIUTHYECKUX (DEPMEHTOB.
AxtuBHast (aza BRIpaOOTKH (epMEHTOB HaOIOAaeTCs
MIPUMEPHO Yepe3 7 CyTOK OT Hadalla BhIPAIBABAHNU H 3a-
MEJUISCTCS C Ha4aIOM CHIDKCHUSI METa0OJIMUECKOM aKTHB-
HOCTH MUIIEJIUS, KOTOPOE COOTBETCTBYET 3aBEPIICHUIO
nporiecca 00pazoBanus Io10BbIX Te [ 10]. boree Bbicokas
AKTUBHOCTb THAPOIMTHYECKUX (PEPMEHTOB — aMIUJIA3bl, TIEK-
THHA3bI, (EPMEHTOB JIerpajalii KIeTOYHOH CTeHKH I'PH-
608 (f-1,3-rimokanassl, f-1,6-ri0KaHa3bl 1 XATUHA3BI) U
JIaKKa3 — BBISIBIICHA B TITyOMHHOM YacTH cyOcTparta rnocie
€ro MOJIHOM KOJIOHNW3ALMK MULIEJIMEM IIIMHUTAKe, T. €. Ha 10—
25 CyTKM B 3aBUCUMOCTH OT cocTaBa cyoctpata [15-17].

Bun C. militaris menee TpeboBaTeleH K cocTaBy Cy0-
crpata. Ero Munenuii moJiHoCThI0 KOJIOHU3UPYET cyOcTpar
Ha 4—7 CyTKH ¢ MOMEHTa oceBa. Bricokoe conepixanne
B 3€pHAx 3JIaKOB KpaxMaJa, Kak ¥ Hajau4yue Oeska, cro-
coOcTByeT 0oJiee MHTEHCUBHOMY M 3()(DEeKTHBHOMY POCTY
MHUIIEHS U 00pa30BaHUIO CTPOM — IUIOMOBBIX Tei [11].
Jlns rpuboB poxa Cordyceps XxapakTepHa BEICOKast BHEKIIC-
TOYHAST AMHJIOJINTHYECKAs! aKTUBHOCTD — «MTHOBCHHAS,
MpoABJIAOIIAACA ¢ MOMEHTA IMOCEBAa MUILICIINA. Yy BUI0B
C. militaris n L. edodes obHapy>keHa BEICOKasl BHEKJIETOY-
Hasi IPOTEOIUTHYECKAs! aKTUBHOCTB, ITPOSIBIISIONIASICS yKe
Ha 4—7-e CYTKM pa3BUTHUSI MUIIETHs. MIHTeHCUBHAs Tpo-
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ITyKIUS BHEKJICTOUHBIX TpoTenHa3 munenneM C. militaris
OOBSCHSIETCS] aKTUBHBIM YYaCTHEM THX (PEpPMEHTOB B ITa-
TOreHe3e HaCEKOMBIX — OJTHOM M3 OCHOBHBIX ITPUPOIHBIX
cyOctpatoB g atoro rpuda [18]. L. edodes otHOCHTCS
TaK’Ke K IIPOJIyIEHTaM aMiJIa3 1 Hanbosiee akTHBHBIM T1PO-
JIyLIEHTaM JIaKKa3 (B TOM YHCJIEe BO BHEKJIETOUHOH Cpejie)
1 TUpo3uHa3 [6, 7, 13, 15—17]. OcoOeHHOCTh (PepMEHTHBIX
KOMIDIEKCOB TpuOoB pooB Cordyceps u Lentinula — Hami-
YK€ BBICOKOAKTHUBHBIX 'MJpoJia3 (aMuiia3 U MenTuias) u
[IMPOKO HCIIOJIb3YEMbIX B MHUIIEBBIX OMOTEXHOJIOTHSX
nmakka3 [19-21] — oOycrnaBiuBaeT 1enecoodpa3HOCTh HC-
CJIC/IOBAaHMH BO3MOXKHOT'O BIMSIHUS (DEPMEHTOB I'PHOHOTO
MHUIIEIIHS Ha aKTHBHOCTh (DEPMEHTATHBHBIX MPOILIECCOB,
KOTOPBIE OIPEAEIIAIOT Ka4eCTBO MPOTLYKINH B YCIOBHUIX
XJ1e00IIeKapHOT 0 ITPOU3BOICTBA.

K HacrosiiieMy BpeMeHH B HAITPaBJICHUH UCCIIEIOBAHMI
TI0 MICTIOJIb30BAHHIO BBICIIIMX TPHOOB B XJ1€00TIEIEHNHN NMe-
10TCSl HeKOTOpBIe HapaboTku. EcTh MHpOpMarms o B3anmMo-
CBSI3U CTAOMJILHOCTH TECTa C OMOXUMHYECKUM COCTABOM
BBICIINX T'PUOOB, UTO CBSA3BIBACTCSA C HAIWYHEM B MHUIIE-
JIMH CTICHA(UYHBIX MTUIIEBBIX BOJIOKOH — O€Ta-TIIOKaHOB
1 (EepMEeHTOB MPOTEOIUTHIECKOrO aelcTBus [22-27].
VIMEHHO ¢ XMMHUYECKUM COCTaBOM I'PHOOB M AKTHBHOCTBIO
(hepMEHTOB CBSI3BIBACTCS CHIDKEHUE CTAOMIBHOCTH, BOJIO-
TIOTJIOIIEHHS U MOJTYJISL yIIPYTOCTH TIIEHUYHOTO TECTa, CKO-
POCTH ’KeIaTHHU3ALNU U PETPOrpajlaliuy Kpaxmaia Ipu
BBEJICHUU M3MEJIBUYCHHON CyXOH, HE CTEPHIM30BAHHON
Oromaccsl BICIINX TpuboB [28, 29]. B ycnoBusx xie-
0OIeKapHOro MPOU3BOJICTBA UCIIOJIb30BAHUE pACCMATPH-
BAEMBbIX MOJKIACCOB ()EPMEHTOB KaK TEXHOJIOTHIECKUX
J100aBOK-yITyUIIUTEIeH 11e7Ieco00pa3Ho IPH HEOOXO0IH-
MOCTH PabOThI C MyKOH C TIOHMKEHHOM (pepMeHTaTUBHOM
AKTHBHOCTHIO. XI1e0 ¢ mobOaBieHreM OMOoMacChl TpHOHOTO
MHULENHUS OTJIMYAeTCs 00Jiee BHIPKEHHON HHTEHCUBHOCTBIO
BKyca U apomara, 00ecrieueHHOIH BHECEHNEM C MUIICINEM
IPUOHOTO PTOTHOHUHA M y-aMHHOMACIISIHON KHCIIOTHI,
1 UMeeT 0ojiee MHTEHCUBHBIM IIBET KOPOK M MSKHINA,
00yCJIOBJICHHBIH apOMaTHYeCKUMU aMHUHOKUCIIOTaMH U
nosmdenosamu rpudos [30-33].

O030p Hay4IHOH JIUTEPATyPBI BHIBIII JeUIUT HHPOP-
Maluu 00 MCMOIb30BaHUH B IMTUILIEBBIX ONOTEXHOJIOTHSIX
(hepMeHTOB BBICIIUX TPUOOB M COBMECTHOM IMpPHUMEHE-
HUU (DepMEHTOB I'pHOHOI OMOMacchl ¢ cyOcTpaToM 0e3
MPEABAPUTEIBLHOTO BBIICIEHHSI, [IOCKOJIBKY ITPOIIECC BbI-
JICJICHHS ¥ OYMCTKU (PEPMEHTOB M3 OHMOMACChl BBICIIUX
rprOOB OTIIMYACTCS CIIOKHOCTHIO HITH HEBO3MOKHOCTBIO
peanmuzanuu [2, 7, 34]. Hetr nudopmMaimy o B3aUMOCBSI3H
Ka4yecTBa BBIIICYCHHOTO XJieOa U MPUMEHEHHsI OMOMacChI
TpUOHOTO MUTIENHS BMECTE ¢ cyOcTpaToM. BripameHnas
B UCKYCCTBEHHBIX yCIIOBHSAX YHCTas OnMoMacca MuIe-
JIUsl CheJJOOHBIX BBICHIMX IPHUOOB HE UMEET OrpaHHuye-
HUH K UCTIOJIB30BAHUIO B XJI€OOTIEKAPHOM IIPONU3BO/ICTBE
M0 MUKPOOMOJIOTMYECKHM M THTHEHHYECKHUM ITOKa3aTe-
1siM Oe3onacHocTH. TakuMm sxe 00pa3oM MOXKHO paccMaTpH-
BaTh BO3MO)KHOCTb HCIIOJIb30BAaHMS CyOCTpaTa B CIy4asx,
KOTJIa B 9TOM Ka4eCTBE UCIIOJIb3YETCS 36PHO MTPOI0BOIIb-
CTBEHHOT'O Ka4ecTBa.
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Henpio paboTHI CTaIO HCCIETOBAaHUE BIUSHUSA ep-
MEHTOB OroMacchl muttenus rpuboB C. militaris u L. edodes
Ha aKTUBHOCTh OCHOBHBIX (D€PMEHTATHBHBIX IPOIECCOB
B MyYHBIX CMECSIX U Ka4decTBO xieba. O6a Buma rpuOoB ot-
HOCSITCS K Ch€I00HBIM, OHU YCHEIIHO KYJIbTHBUPYIOTCS 1
OTIIMYAIOTCS HE TOJIBKO aKTUBHOI BEIPAOOTKON BHEKIIETOU-
HBbIX q)epMeHTOB, HO U CHHTE30M BEHICCTB C MOATBEPKACH-
HBIMU QaHTHOKCHJIQHTHBIMHU CBOICTBAMH — MONTU(EHONOB,
KapOTHUHOUAOB, OproTaHuHa 1 Ip.

O6beKTHI H METO/IBI HCCJIeI0BAHUS

OOBeKTaMH UCCIICIOBAHUI Ha pa3HBIX dTarax padoThl
BeIcTynau (puc. 1):

— mtamMbl TpuaboB Cordyceps militaris SRG4 u Lentinula
edodes 3790 u3 KoseKIMK Kadeapbl OpraHNueCKOH XUMUH
AJTaliCcKOTO TOCYJApCTBEHHOTO YHUBEPCHUTETA;

— TOpoIIoK Ouomaccel Mutienust rpudos C. militaris, BbI-
palieHHOH Ha 3epHE KpacHOTO U Oyporo puca; ITUCTIepC-
HocThb noportika 0,02—0,10 mm;

— TIOPOMIOK OroMacchl Mutienus rpudoB L. edodes, BbIpa-
IIEHHOM Ha 3epHE MSTKOW MIICHHIIBL; JUCIEPCHOCTD M0~
pomka 0,02—0,10 mm;

— 9KCIIEPUMEHTAIbHBIE MyUYHBIE CMECH HAa OCHOBE MYKH
MIIIEHUYHOU X1e0omnekapHoii mepBoro copta TM «Auneiikay
¢ T0OaBJICHUEM ITOPOIITKAa OMOMACCHl MHIICTUSI TPHOOB
C. militaris (B no3uposke 0—5 % mo macce) u L. edodes
(8 mozuposke 0—7 % mo macce). KonmuectBo nopoka
Oromacchl MUIEIHUSI TPHOOB B MYYHBIX CMECSIX OTPAHUUYEHO
C YYETOM JIUTEPATypHBIX JaHHBIX O BIUSHUA OMOMACCHI
HEKOTOPBIX BBICIIMX I'PUOOB Ha CBOIMCTBA TECTA M KAYECTBO
MYYHOH IPOTYKIINH, B TOM YHCIIE H3-32 BO3MOKHOCTH Upe3-
MEpHOTO HapyIIeHUs CTPYKTYpHI KieiikoBuHEI [24, 25, 35];

— 00pa3nsl xJ1eda, MoTydeHHBIE U3 IKCIIEPUMEHTATBHBIX
MYUHBIX cMecell.

IloceBHOI MULIENNI BBIpAILMBAIN B CTEPUIBLHOM KU~
KOU NMHTATEIBHOI cpejie, KOTopasi COCTOsUIA U3 HEOXMEIIeH-
HOTO MIIEHUYIHOTO COJIOJIOBOTO IKCTPAKTA M TUCTHILTHPO-
BaHHOM BoAbl B cooTHoweHuu 1:20. Ilpogomxurensb-
HOCTh KyJIbTUBHPOBAHUS MUIIETIHS Ha 3¢PHOBOM CyOCTpa-
Te JUIsl KXKJI0T0 BUJ1a TPOOB BHIOpaHa C yUeTOM JInTepa-

TYpPHBIX JJaHHBIX O B3aMMOCBSI3U MPOJOJIKUTEILHOCTH
KYJIETUBHPOBAHHSI M aKTHBHOCTH BBIPAOOTKH MHILIEIINEM
BHEKJIETOYHBIX ()EPMEHTOB.

bromaccy munenus HapabaThIBAJIM METOIOM TBEPJIO-
(ha3HOrO KyJIbTUBHPOBAHMS Ha 36PHOBOM Cpesie B CTEKIIO-
OaHkax 00beMOM 1 AM®, OCHAIIEHHBIX KPBILIIKAMH U3 OJIH-
npomuieHa co GToporutacToBbiM GpunbTpomM MODK-1T
(pasmep nop 0,22 MKM) ¥ MHOKYJISILIUOHHBIM ITOPTOM M3
PE3UHOBOM POOKHU. 3epHOBO# CYyOCTpAT IS KYJIbTUBHPO-
Banus mutenust C. militaris TOTOBHIIHN CIIEAYIOIIAM 00pa-
30M: 60 r kpacHOTO UK 6yporo puca (B pacuere Ha OaHKY
BMECTUMOCTBIO | 1M) IPOMBIBAIIH BOJIOIPOBOAHON BOION
JI0 TIPO3PayHbIX MPOMBIBHBIX BOJI. 3aTEM PUC OTBapUBaIU
B Teuenue 10 muH npu remneparype 80 °C u oTAEISUTH OT
OCTaTKOB BOJIbl (PUIIBTPOBAHHEM YEPEe3 CHTO C MOCIEyI0-
L1el eCTECTBEHHOM CYLIKON Ha Bo3/1yXe. ['0TOBBI puc pac-
TIPEJIeIISUTN 110 OaHKaM, 3aKPBIBAJIH [TOJIUIPOIHICHOBBIMH
KpPBILIKAMU U CTEpUIN30BaId B aBTOKJIaBe BK-75 npu
0,07 MIla B reuenue 45 mun. [Tocie ocTeIBaHMs OAHOK 10
Temriepatypsl 25 + 1 °C mpou3BOANIN 3aCEeB 3epPHOBOM
Cpe/Ibl XKUJKUM MULEIIUEM.

KynsrusupoBanue munenus C. militaris OCyIecTBISIIA
B TepMocTare npu temneparype 26 °C B TeueHue 7 CyTok
JI0 TIOJTHOT'O 3apacTaHus 36pHOBOTO CyOCTpaTa MHUILIEIHEM.
[Tocne aTOro MuLEenuii NEPEHOCUIN B KIUMATHUECKYIO
KaMmepy, OCHAICHHYIO KOHUIIHOHEPOM IS TIOAICPKAHU
Temneparypsl 16 °C 1 TIOMUHHCLIEHTHBIMH JIAMIIAMHU
(Philips TL-D 36W/54-765) ocBemiennoctbio 1000 sk
(12 4 B cyTKHM, aBTOMATUYECKUH SMEKTPOHHBIH Taiimep [P20
EL-03 Robiton). [Iporecc KyJIbTUBUpOBaHHUS TIPEKpalalIi
Ha 55-e CyTKH Mocie H3MEHEHHS [[BETa MUIIETHS ¢ OeII0ro
Ha SPKO-OPAH)KEBBIH 1 00pa30BaHUsI SIPKO-OPAHIKEBBIX
CTPOM (TUTOJIOBBIX TEIT).

B xauecTBe 3epHOBOrO CyOCcTpara Ui KyJIbTHBHPOBa-
HUS MULEnust L. edodes NCTIONb30BaN MSTKYIO HIIEHUILY,
OTBapEHHYIO HAa MEJUVIEHHOM OTHE JI0 COCTOSTHUS pa3MsAryeH-
HBIX HEPa3pyIICHHBIX 3€PEH C MOCIEAYIOIIM CMEIINBA-
HHeM (U3 pacueTa Ha 6aHKy oObemoMm 1 am?®) 250 T oTBa-
pernoro 3epHa ¢ 0,75 r runca (CaSO,*x2H,0) u 3 T nume-
Boro mena (CaCO,). CyGerpar pacnpe/iensim o 6ankam 1

Pucynox 1. ITopomok 6momaccsl munenus rpu6os: a — Cordyceps militaris, BeIpallleHHOH Ha cyOcTpaTe U3 3epHa
Oyporo puca; b — Cordyceps militaris, BlpanieHHOIH Ha cyOcTpare U3 3epHa KpacHOTo puca; ¢ — Lentinula edodes,
BBIPALIICHHON Ha cy0cTpare U3 3epHa IMIICHHIIbI

Figure 1. Biomass powder of mushroom mycelium grown on different substrates: a — Cordyceps militaris grown on brown rice;
b — Cordyceps militaris grown on red rice; ¢ — Lentinula edodes grown on wheat
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crepunnzoBany B aBToksase BK-75 npu 0,1 MIla B Teue-
nue 60 muH. [Tocne ocThIBaHUsT GaHOK /IO TEMIIEPATYPBI
25 £ 1 °C npou3BOIMIN 3aCE€B 36PHOBOU CPEIIbI KUIKUM
munenveM. KynptuBnpoBanue munenus L. edodes Benu
B TepMocTaTe Ipu Temmneparype 26 °C B TeMHOTE B TEUEHHE
20 cyTOK /10 TIOJTHOTO 3apacTaHHs 3epHOBOIO cyOcTpaTta
MHUIICITUEM Tproa.

[Tocne KynbTHBHPOBaHKS OMOMACCy MUIIEINS UCIIONb-
3yeMBbIX IITAMMOB IPHOOB BBICYIINBAIN B TeUeHUE 24 4
B JtaboparopHom cymmisHOM mKkady (ES-4620 Dxpoc)
npu 40 °C. JIas noxy4eHus: MOPOLIKa BEICYIIEHHBII MU-
uenui n3menpyain Ha kopemonke (Bosch TSM 6A013B)
1o pazmepa gactar 0,02-0,10 mm. CybeTpaT (3epHO prca,
TIIEHUIBI) HE OT/EISUIN OT MULEINS IIePE] H3MEIIbUCHHEM.

Ormpenenenne KoaMdecTBa 0eIKka B M3MEIbYCHHOM
cyXxoi Onomacce MHIEIHUS IIPOBOJIMIIN KOJIOPUMETPH-
YyeckH 1o merony bpandopaa; komuuecTBeHHOE coep-
JKaHUE TTOJIMCaxapua0B — CIEKTPOPOTOMETPHIESCKIM
METOJIOM C IMKPUHOBOM KUCJIOTOM; OIPEIECIIEHUE CyMMBbI
KapOTHHOUIOB — CHEKTPOPOTOMETPUIECKHM METOJIOM,
OTHCAHHBIM B [36]; MacCOBYIO JIOJFO «CBOOOTHBIXY JIHITH-
JIOB — 3KCTPAKI[MOHHO-BECOBBIM METO/IOM C SKCTPAKIINEH
B armapare Cokciiera. BiaskHOCTH moporika 6noMaccsl
munenus rpudos ycranasnusanu mo 'OCT 13586.5-2015,
30abHOCTh — 110 'OCT 10847-2019.

HccnenoBanue BIUSIHAS OMOMAcChl MHULIENUS TPUOOB
Ha caxapoOpa3yIonIyro CiocoOHOCTh (CBOMCTBO, 0TOOpa-
JKaroliee aKTUBHOCTh (PEPMEHTOB aMUJIOIUTHYECKOTO
JCHCTBUS), YUCIIO MaeHUs (CyMMapHasi akTHBHOCTD (ep-
MEHTOB) M U3MCHCHHUE CBOMCTB KJIICHKOBHHHOTO KOMILIEKCa
(BIIMSTHHE TIPOTEOUTUYECKUX (DEpPMEHTOB IPHOHOTO MHIIE-
TMST) U3y4aly 110 IPUHATHIM B XJIeOONeKapHOH O0Tpaciu
MetouKaM. [1pu u3ydeHnn yriieBoHO-aMIIa3HOTO KOM-
IUIEKCa MyYHBIX CMECEH MCIOJIb30BATIM METOUKY, U3JI0-
s)keHHy10 B TOCT 27676-88 1 ocHOBaHHYIO Ha Ompejie-
JICHUH BPEMEHHU CBOOOJIHOTO MaJICHUS ITOK-MEIIaIKH
B KJIEHCTEPU30BaHHOM BOIHO-MYy4HOI1 cycnieH3nu. Caxapo-
00pa3yIoIIyI0 CIIOCOOHOCTh MYYHBIX CMECCH, XapaKTepu-
3YIOIIYyI0 BO3MOXKHOCTh 00pa30BEIBATH PE3EPB OCTATOU-
HBIX CaXapoB, HEOOXOANMBIX JJIsl 0OeCIIeYeHUs TIpoLiecca
paccTOMKK M MOJTydeHns XJie0a HOPMAIBHOTO Ka4ecTBa,
PaCCUYUTHIBAIH 10 KOJIMYESCTBY MAIBTO3BI (MT'), 00pa3yro-

meticst m3 10 T myku 3a 1 9 HactauBauust ¢ 50 cM> BOAIBI
npu Temrepatype 27 °C. CoctosiHne OeIKOBO-NIPOTENHA3-
HOT'O KOMIUIEKCA MYYHBIX CMEcel OIIEHHBAIU 110 KOJIU-
YECTBY M KAa4eCTBY ChIpOH KJIeHKOBUHBI. KileliKOBUHY
OTMBIBaJH py4dHbIM criocobom o 'OCT 27839-2013. Ka-
YECTBO KJICHMKOBHMHBI OIICHUBAIM ITyTEM HU3MEPEHHUS €e
YIPYTo-3JIaCTUYHBIX CBOMCTB Ha iprbope NJIK-1M.

3amMec TecTa OCYMIECTBIISUIA B TECTOMECHIIKE JTabopa-
TOpHO# TecTroMecuibHON MarmHbl Y 1-ETB. B xauectse 6a-
30BOH perenTypbl HCIOIb30BAIN YHU(DHUIMPOBAHHYIO
peuenTypy xiieba U3 MICHAYHOH MyKHU IIepBoro copta [37].
KouTposnbsHbie 00pa3iisl xjieba BhINeKaau 0¢3 BHECCHHUS
TTOPOIITKA MULIEIHS BBICIINX TpruOO0B. TecToBbIE 3ar0TOBKH
(bopmoBaiu pydHbiM criocoOoM. Brineuky xieda mpoBo-
AN B 1aO0OpaTOPHON XJIeOOMeKapHOil meYr KOHBEK-
monHoro trna UNOX XB 693 (UNOX, WUranus) npu
temmnepatype 200 °C B teuenue 30-35 muH. OCHOBHBIE
TEXHOJIOTHYECKHE TTapaMeTPhl TPOIecca MPUTOTOBJIE-
HUs xJieba ¢ J00aBiieHHEeM U 0e3 100aBIICHHsI TOPOIIKa
Munenus (IIPOJIOJKUTEIBHOCTD 3aMeca, TEMIEPaTypy
1 MIPOJIOJDKUTEIBHOCTD BBITICUKN) HE MEHSIIH.

Omnpezenenne OpraHoJIENTHUECKUX MOKa3aTeseH Bblre-
YEeHHBIX 00pa31oB npoBo iy 1o meroankam ['OCT 5667-
2022. BaaxHOCTh MsKHIIA XjIeba aHAIM3UPOBAIH 110
T'OCT 21094-2022, ero kucaoraocts — 1o 'OCT 5670-96,
nopuctoctb — 110 'OCT 5669-96, ynenbHbli 00beM xieda —
o 'OCT 27669-88.

Pacuer OCHOBHBIX TEXHOJIOTHUECKUX 3aTpaT U BBIXOJa
xJie0a OCYIECTBISUIN IO METOAMKAM, IPUHSTHIM B XJIe-
OorekapHO oTpaciy.

Bce uccnenoBanus peanu3oBasiv B 3-KpaTHON MOBTOP-
HOCTH. Pe3ynbTarsl 06paboTany ¢ HCIOIb30BaHUEM IPO-
rpammMHoro npuioxkenus Microsoft Office Excel.

Pe3ynbTaThl 1 uX 00Ccy:x1eHHE

Buoxumuyeckuii coctaB fuoMacchl MHIIEJIHSI TPHOOB.
B tabimue | npuBeneHbl pe3ynbTaThl 1a00paTOPHBIX
UCCIIeZIOBaHUI, KOTOPBIE XapaKTepU3YIOT COJIEpKaHUE
3HAYMMBIX KOMIIOHEHTOB XUMHUYECKOTO COCTaBa B Oromacce
mutienust rpubos Cordyceps militaris w Lentinula edodes,
BBIPAIIEHHBIX HA 3ePHOBBIX CyOcTparax m3 Oyporo puca
Y MSTKOH ITIIEHHIIBI COOTBETCTBEHHO.

Ta6nuna 1. Xumudeckuii coctaB ouomaccsl munenus rpudos Cordyceps militaris v Lentinula edodes, BpipalnieHHON
Ha 3epPHOBBIX cyOcTpaTax

Table 1. Chemical composition of mycelial biomass of Cordyceps militaris and Lentinula edodes grown on grain substrates

KoMmoHeHTbI CozeprxaHue KOMIOHEHTa B Onomacce MUIEUs TpudoB
Cordyceps militaris Lentinula edodes

Bona, % 13,5+1,2 132+1,0
Benoxk, % 322+1,5 26,4 +2,0
JIunuaer, % 1,6 £0,2 1,8+0,2
ITonucaxapuusl, % 36,7 +£0,8 522+1,2
MoHo- u gucaxapuasl, % 9,8+ 0,6 6,1 £0,5
3oma, % 5,6 £0,2 32+0,2
CyMMa KapOTHHOHUJIOB, MKT/T 1600 + 40 -
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CormacHo pe3yiapTaTaM OMOXIMHYECKOTO aHAIN3a [T
HCcCIeTyeMOoTo Topomrka ounomaccel mutenus C. mili-
taris xapakTepHO 00Jiee BBICOKOE COJICPIKAHUE OCITKOBBIX
BerecTs (32,2 % npotus 26,4 % B munenuu L. edodes),
YTO KOPPEITUPYET C TUTEePATyPHBIMHE JaHHBIMHE (110 36—39
u 2628 % cootBercTBeHHO). benku C. militaris v L. edo-
des XapaKTepPU3yIOTCA MOBBIIIEHHBIM COACP)KaHUEM JIH-
3uHa [38, 39], 9TO Ba)KHO MPH OIICHKE BIHSHUS TPUOHBIX
OCJIKOB Ha YCBOSIEMOCTh JTUMUTHPOBAHHBIX 10 JIM3UHY
OCIIKOB MIICHUYHOW MYKH U TOTOBBIX MYYHBIX HU3/CIHI.
B Munenuu KyITbTHBUPYEMBIX TPHOOB HAKATUTHBACTCS
0O0JIBIIIC APOMATHYCCKIX AMHHOKHUCIIOT, Y€MY BBIPOCIIIUX
B IIPUPOHBIX ycrnoBusX [40]. DTo MOXKET UMETh 3HAUYCHNE
ipu GOPMHIPOBAHNHU OKPACKH KOPOUKH XJieOa.

CoeprkaHue CyMMBI ITOJACaXapuaoB B mutenuu C. mi-
litaris n L. edodes coctasumno 36,7 u 52,2 % COOTBETCT-
BEHHO. BeICOKOE coneprkaHme MONNCcCaxapruIoB B HCCIEIye-
MBIX TIOPOIIKaX OMOMACCHI TPHOOB OTYACTH O0YCIIOBICHO
BBICOKMM MCXOJIHBIM COZIEPYKaHHEM Kpaxmalia B 36PHOBBIX
cyOcTparax (3epHa prica U IMIIeHUIIBI ), He THAPOIH3YEMBbIM
MOJTHOCTBIO BHEKIICTOYHBIME (DEPMEHTAMH, BBIICIISICMBIMH
munenueM rpuoos. [Ipu aToM HU3KOE cofepikanne Oenka
B pHCE HE CIIOCOOCTBYET aKTUBHOMY HAKOIIJICHUIO B MUTIE-
muu C. militaris cnenuUIHOTO OMOIIOTHIECKH aKTUB-
HOTO KOMITOHEHTa kopauuenuna [41]. {ns ero cunTesa
HE0OX0IMMO Hau4ue B cyOcTpaTe JOCTATOYHBIX KOJIH-
4ecTB OCIKOBOTO a30Ta U OJICMHOBOW KUCIIOTHI, a TAKXKE
Oostee BBICOKasi TeMITepaTypa KyJIbTHBUpOBaHus [42, 43].
BezomnacHOCTb ATOT0 BeliecTBa IPH MOTPEOJICHUHN B ITULILY
JKHBOTHBIMH M YeJOBEKOM JoKka3aHa [44—46]. OmHaKo
B HAIlIEM JKCIEPUMEHTE 3HAYMMBIC KOHIICHTPALUU KOP-
nuuenuHa B ouomacce munenus C. militaris He HyKHBI,
MTOCKOJIBKY OHH MOTYT BIIMATH Ha JIPOKKEBBIC KICTKH
MIPU CO3PEBAHUH TECTA M MCKa3UTh PE3yJIbTaThI J1abopa-
TOPHOMU BbITIeUKH [47].

HWccnexyemsbie BB TPUOOB XapaKTEPH3YIOTCS TOHU-
JKCHHOW CIIOCOOHOCTHIO K CHHTE3y OCHOBHBIX KIIACCOB
munuaoB. OJiHaKO OMOJIOTHYecKast IEHHOCTh U3BJIEKaeMBbIX
JUTMHIOB 00YCIIOBICHA HATMYNEM 3HAYNMBIX KOTHYECTB
JIUHOJICBOW M IMHOJICHOBOU KUCIIOT, KAPOTHHOUIOB U CTE-
puHOB [48—50]. I1o TaHHBIM JTAOOPATOPHOTO AHAIIH3A, CO-
JieprKaHne o0IUX JIMITU0B B OnomMacce MUIIeNus rpruOoB
C. militaris v L. edodes coctasuio 1,6 u 1,8 % cootBercT-
BeHHO. B 6uomacce munienus C. militaris yCTaHOBJICHO
BBICOKOE COJIepKaHue KapoTHHOHU10B — 1600 MKI/T, B TO
BpeMs Kak B Omomacce munenus L. edodes NX HE BBISB-
JICHO. DTO MOKHO OOBSICHUTB KaK CIEIM(UKOH TPUHSTHIX
YCIIOBHH KyJIbTUBUPOBAHUS, TaK U MPUHAIJICKHOCTHIO
HCTIONTE3YEMBIX BHIOB TPHOOB K Pa3HBIM CHCTEMaTHIe-
CKUM oTjienaM. 3BecTHO, YTO B YCIIOBHSAX OCBELIEHHOC-
TH MUILEINH pa3HbIX mTaMMoB rpubos C. militaris crio-
coben cunTe3npoBath oT 600—1200 o 37006600 MKT
KapOTHHOHUJIOB Ha | T cyxoil OMOMACCHI, BKJIFOUYAs! CIICITH-
(uuHBIE BOAOPACTBOPHMBIE KCAHTO(QHILIBI; B IUIOIOBBIX
TeIax COBPEMEHHBIX THOpUAHBIX mTamMMmoB C. militaris —
o 13 mr/r u 6onee [51-54]. Jnsa munenus L. edodes
K Hanbosee MpeanoYTUTENIFHBIM YCIOBUSIM TBepaodas-
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HOT'O KYJIbTUBHPOBAHHS OTHOCHTCS OTCYTCTBHE CBeTa [55],
YeM MOKHO OOBSICHATH HECITIOCOOHOCTH MHIIEIIUSI 3TOTO
FpI/l6a HaKarjinBaTb KapOTUHOU/bI, CUHTE3UPYIOIIUCCIA
y L. edodes TONBKO B IJIONOBBIX TeJIaX M B MEHEe 3HAYH-
MBIX KOJINYECTBAX.

CyMMa MHUHEpaJIbHBIX BEIECTB B COCTABE MUIICIHS
rpu6oB C. militaris u L. edodes coctaBuna 5,6 u 3,2 % coor-
BETCTBEHHO. [IpH BRIpAIBaHUN MHULICIUS 000UX BHIOB
rpubOB KOMIIOHEHTHI cyOcTpaTa ObLIM yTHIN3UPOBAHEI
B 3HAYMUTENILHOM CTENICHU, IMEHHO 00 3TOM CBHJICTEIIBCT-
BYIOT IIPUBEJICHHBIC B Ta0MLE | TaHHBIE OMOXMMUYECKOrO
aHanM3a MULEITHAITEHON OnoMacchl prOOB ¢ CyOcTpaToM
1 X COIIOCTABJICHUE C paHEEC OHY6HI/IKOB3HHBIMI/I JaHHbIMHA
0 OMOXMMHYECKOM COCTAaBE MHIIENHS HEKOTOPBIX [ITAMMOB
9TUX BHJIOB I'PHOOB, BHIPALLICHHBIX B MCKYCCTBEHHBIX
yenoBusx [38, 39, 48, 49].

C y4eToM NOTy4YeHHBIX JaHHBIX 0 ONOXUMIYECKOM COC-
TaBe BHIPAIIEHHBIN Ha 36PHOBOM CyOCTpaTe MULIEIINH TPH-
608 C. militaris u L. edodes npencTasiset co00it IICHHOCTb
B KaueCTBE JIONOJIHUTEIILHOTO HHI'PEIEHTa JUIsl Xy1ebore-
KapHOT'0 POU3BOJICTBA.

Bimmsinne 6momacchl MuneJHsi TPHOOB HA AKTHB-
HOCTb ()epMEHTATUBHBIX MPOLECCOB B MYYHBIX CMeCHX.
[1pu BBEJICHHH B TECTO H3MENBUCHHOTO BO3IYIITHO-CyXOr0
munenus rpudos C. militaris v L. edodes nviieBasi neH-
HOCTh MYYHBIX M3/I€JIMH MOBBIIAETCS 110 TaKUM IOKa3a-
TEIsIM, KaK COAepKaHue o0Iero Oeska, MHHEpaIbHBIX
BEIIECTB, NOJIN(EHONIBHBIX BEIIECTB U HEKOTOPHIX BUTA-
MuHOB [31, 35]. BHeceHue mo0bIX BBICIINX IPHOOB B TECTO
cocraniseT He 6omee 3—7 %, 9To CBA3aHO THOO C CyIIecT-
BEHHBIM YXYIIICHHEM TEXHOJIOTHUYECKHX CBOHCTB MYKH
n TeCTA, HI/I6O C HENPUEMIICMBIM UBMCHCHHUEM OPIraHOJICTITH-
YECKHX CBOMCTB BBIIICUKH, THOO0 IO 00CUM M3 yKa3aHHBIX
npuuuH [24, 25, 35].

B namem CJIydac BBCACHHUEC B MMIIICHUYHOC TECTO MOPOII-
ka 6uomaccel mutienus Tpudos C. militaris u L. edodes, dhep-
MEHTHBIC KOMILJIEKCHI KOTOPBIX OTIIHYAIOTCS HATHYHUEM BbI-
COKOAKTHUBHBIX THJAPOJIa3, 10 BCCM BapUaHTaM JO3UPOBKH
CIOCcOOCTBOBAIO MHTEHCU(DUKAIINY THAPOIIN3A TTOJICcaxa-
puoB. O0 3TOM CBHACTEIILCTBYIOT 3HAUCHHUS caxapoodpa-
3yrolIei ClIOCOOHOCTH U YUCIIa MaICHHsI, COOTBETCTBEHHO,
BO3PACTAIOLINE M CHIKAIOLINECS C YBEIMYCHUEM T03H-
POBKH TTOPOIIKa OMOMACCHI MUIIENHs TPHOOB (Tabi. 2).
OOHapy>KeHHYIO 3aKOHOMEPHOCTh MO’KHO OOBSICHUTH TEM,
YTO IpHU OAHOBPEMEHHOM BO3HCﬁCTBHH aMuJia3 MYKH "
MOPOLIKA MHIEIHS TPUOOB Ha YaCTUYHO JEMOIUMEPU30-
BaHHBIH KpaxMaJl MyKH HaKOIUICHWE MAJIbTO3bI IIPOUCXO-
JUT OoJiee aKTHBHO M MOYKET OTPAa3UThCsl HA CKOPOCTH
OpOXKEHHS TECTA, IOCKOJBKY ITPH CO3PEBAHHH TECTa HIMEHHO
MIPOIYKTHI THAPOJIN3a MAIBbTO3BI CIIyKaT CyOCTpaToOM JIs
JIPOJOKEBBIX KIIETOK.

M3BecTHO, 4TO NCIIOIb30BaHKE B KauecTBe cyOcTpara
BBICOKOKPAaXMaJIMCTOTO CHIPBSI COMPOBOKAAETCS] 3HAUH-
TCJIbHbBIM CHHUXKXCHUEM HpOTeOﬂHTM‘leCKOﬁ AKTUBHOCTH
C. militaris [18]. OgHaKO 3TUM MOXHO OOBSCHUTH yCH-
JICHHYIO BBIPA0OTKY (DePMEHTOB aMUJIOJTUTHIECKOTO JIeH-
CTBUSI IPY KYJIbTUBMPOBAHUHM MUIIEIHS JJAHHOTO Tprda
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Tabmuua 2. Bnusnue nopomka Cordyceps militaris n Lentinula edodes Ha caxapoOpa3yIoniyro cmocoOHOCTh
U KJIEHKOBUHY MYYHOH cMecH

Table 2. Effect of Cordyceps militaris and Lentinula edodes powders on sugar-forming ability and gluten content of flour mixes

HaunmeHoBaHMe noka3aTens 3HaueHHe MoKa3aTelsl MPU JO3UPOBKE MPHOHOrO MOpoIIKa, %o
Cordyceps militaris Lentinula edodes
(cyberpat — Oypblii puc) (cybcTpaT — MsrKkast MIIeHHIA)

0 1 2 3 4 5 0 1 2 3 4 5 6 7
Caxapoo0Opasyrolias criocooHocTh, | 135 | 189 | 207 | 225 | 279 | 378 | 135 | 144 | 180 | 189 | 186 | 215 | 230 | 252
M MaJibTo3bl Ha 10 T MyKku
Umcino nageHust, ¢ 310 | 304 | 298 | 286 | 265 | 260 | 310 | 310 | 300 | 302 | 296 | 290 | 289 | 280
KonnuecTBo K1elKoBUHBI, % 30,0 | 30,0 | 31,0 | 31,0 | 32,0 | 32,0 | 30,0 | 30,0 | 31,0 | 31,0 | 31,0 | 31,0 | 31,0 | 32,0
KauectBo xnelikoBunsl, ex. MK 60 | 65 65 75 80 80 | 60 60 65 72 75 75 75 75

Ha 3epHOBOM cyOcTpare. AKTHUBHOE THAPOTUTHICCKOE
Bo3zelicTBUE (epMeHTOB Muuenust rpudos C. militaris
U L. edodes Ha CTPpyKTypy KpaXMaJdbHBIX TPaHyJl MYKH
MTOJITBEPIKTACTCS CHIDKCHHEM 3HAUCHHS YHCIIA TIaICHHS
My4HBIX cMecelt oT 310 Ha KOHTpoIe (TIIeHUYHAs XJ1e00-
MeKapHas Myka TiepBoro copta) o 260-280 c.

IIpoTerHa3bl BHECEHHOM B MYYHBIE CMECH OMOMACCHI
muuenus rpuboB C. militaris v L. edodes mosiusimy Ha Gen-
KOBYIO (DpakIHIO MYKH, BBI3BaB aKTHBHBIA IIPOTEOIN3
OEJIKOBBIX BEIECTB MYKH, JIe3arperupymoliee JeicTBre
KOTOpPOT'0 HAPYIIMIIO MIPOCTPAHCTBEHHYIO CTPYKTYpY Oelika
1 U3MEHWIIO Ka4eCTBO KIEHKOBUHBI. Kak ciencrsue, oTMe-
THJIM CHHKEHHE YIIPYTOCTH KIISHKOBHUHBI, 00YCIIOBICHHOE
00pa3oBaHUEM TPOIYKTOB JieHaTyparuu Oenka: ¢ 60 ex.
MK na korTpore xo 75-80 en. UK mo BapmanTam BHe-
CEeHHSI TOPOIIKAa OMOMACChI MHUIIENHUS TPUOOB.

BrrsiBnennsie 3h(heKkTbl MOXKHO OOBSICHUTH IPUCYT-
CTBHEM B OMOMacce MHUILIEIHS BBICIINX TPHOOB U TPHUIICH-
HOIOI00HBIX MPOTCUHA3 U MENTH/a3, 00CCIICYMBAOIIIX
YaCTUYHBIA TUAPOIH3 KICHKOBUHBI U COMTOCTABUMBIX ITO
MIPOSBIIIEMOM AKTUBHOCTH C IIPOTEONUTHICCKIMH (hepMeH-
TaMH HU3MINX IPUOOB, 00yCIIaBINBAIOIIUMH H3MEHEHHE
MIPOCTPAHCTBEHHOM CTPYKTYPBI KIICHKOBHHHOTO OeJKa 3a
CYeT M3MEHEHHS COOTHOIICHHS BTOPUIHBIX O-CITHPATTBHBIX
U f-mucToBbIX CTPYKTYp [18, 19, 56]. «OTHOCUTENBHO Cr1abo
BEIPKECHHBIC)» THAPOIUTHYCCKUE d(PPEKTH MpOTEHHA3
rpuboB C. militaris n L. edodes MOXHO OOBSICHUTH yCIIO-
BUSIMH TIPOBeICHHs aHaN3a KieiikoBuHbI (18-20 °C), nae-
KHMH OT ONTHMAIbHBIX, B YACTHOCTH [UISA CIICIU()UIHBIX
nentunas C. militaris, aKTUBHOCTh KOTOPBIX MAaKCUMAaJIbHO
NposiBIIsieTCs B [uana3zoHe tremneparyp 35-55 °C [19].
ITomoOusIi 3P PeKT — YacTHIHBIN THAPOTU3 OenKa, KOTOo-
pBIH COMPOBOXKAAETCS] 00JIErYeHHEM €ro PacileIICHHs
U TIepeBapyBaHUsI )KUBOTHBIMHU, — OBIJT BBISIBJIICH IIPU UC-
MOTB30BaHUU MULENHs L. edodes niist hepMeHTAIIN TOPO-
XOBOTO M PUCOBOTO O€Jika MPU MOATBEPKICHHOMN 0e3-
OTACHOCTH MOTpebieHus Oeska, epMEHTHPOBAHHOTO
MHUIIETTHEeM ATOT0 Tpuda, JroapMu [57, 58].

Biusinne 6nomacchl MULIE NSl TPUOOB HA KA4€CTBO
1 BBIX0J XJ1e0a. Vcronb3yemast Ipr IpOBEICHIH KCTIC-
pUMEHTa MIIeHNYHast XjaebomnexapHas MyKa (KOHTPOJIb)
OTIMYaliach HU3KMMH 3HAUYEHHUSIMHU caxapooOpasyromiei

228

crniocobHocTH (135 Mr ManeTO38! Ha 10 T MyKH) U YMCHa TTa-
nenwst (310 ¢), uto masno xi1ed (KOHTPOJIbHBIM 00paselr) ¢
OJIe IHOOKpAIIIEHHOH KOPOUKO. B pe3yiprare 3TOro Bo3-
pacTaHue 3HAYCHUH caxapoOpasyromeil crmocoOHOCTH U
CHIKCHHC YHCIIa TTaJICHUS 110 BApUAHTAM BHECCHUS B TECTO
OroMacchl MUTIETIHSI TPHOOB 0OecTIedrio 0ojiee aKTHBHOE
MIPOTEKaHNE TPOLIECCOB CO3PEBAHMS TECTA U PACCTOUKH
TECTOBBIX 3ar0TOBOK, a TAKXKE PEAKIIUU MEITAHOHTUHOO00-
pa3oBaHuUs B Ipoliecce BITeuku. [Ipy cMemmBaHwuH miie-
HUYHOW MYKH C ITOPOIIKOM OHOMAacCHl MUIIETHS TPHOOB
B MCCJICIyEMBIX JTO3MPOBKAX BIIATOYICPKUBAIOIIAS CIIO-
COOHOCTH KJIICHKOBWHEI 3aKOHOMEPHO YBEIUINBAJIACH,
HO TECTO COXPAHSIIO PHEMJIEMbIE CTPYKTYPY U BI3KOCTb.
DTO rOBOPUT O COXPAHEHUU HOPMAJIbHOM KJICHKOBUHHON
CETKH TeCTa.

X1e0, BbINICUCHHBIH ¢ g00aBncHreM 3—4 % mopoInka
ouomaccel munienusi C. militaris, BeIpaleHHOW Ha CcyO0-
CTpaTax M3 3epHa KpacHOro u Oyporo puca (Tabdm. 3—4),
OTJIMYAJICS XOPOIIIO PA3BUTON MOPUCTOCTHIO, SIPKO BhIpa-
YKCHHBIMH BKYCOM U apOMaTOM, MMEJl HHTCHCHBHO OKpa-
IICHHYIO KOPOUYKY. JTO CBS3aHO C O0Jee HHTCHCUBHBIM
HAKOTJICHUEM B TECTE CBOOOHBIX aMUHOKHUCIIOT — TIPO-
JTyKTOB THPOJTN3a MIIICHHYHOTO U TPHOHOT0 Oelka, KOTo-
PBIE ABISAIOTCSA IMIACTUYECKUM MaTEPHAIOM [T OpOAHITH-
HOW MUKPOMIIOPHI M OTHOCSITCS K BYKHBIM KOMITOHEHTaM
peakunu MeraHouAnHOOOpazoBaHus. [lomydeHHBIC pe-
3YJIBTAThI COTJIACYIOTCS C JAHHBIMHE 3apyOC/KHBIX aBTOPOB
0 0oJiee TEMHOM IIBETE KOPOK M MSKHIIA XJieOa W3 TIiie-
HUYHOW MYKH TIPY BBEJICHUU B MyYHYIO CMECh TPHOHOM
O6uomacchel [33]. D10 cBA3BIBAETCS C HAJTMYMEM B rpubax
MO CHOJBHBIX COCTMHCHHUI U 00J¢e HHTCHCUBHBIM
TIpOTEeKaHNeM peakimii Maiisipa u kapamernmzammu [33, 35].

[Mopomok 6uomaccsl munienus rpudos C. militaris,
BEIPAIICHHON Ha CyOCTpaTax W3 3epHa KpacHOTrOo pHca,
numMen OoJee IPKHiA 1 HaCHIIICHHBIH IIBET, 00YCIOBICHHBIH
KaK I[BETOM CaMOI0 PHCa, TaK U BBIPAOOTKOW MUIICITHEM
rpuba crerupUIHBIX TUTMEHTOB U3 KIIaCCOB KaPOTHHOH-
noB 1 nonugenonos. [ToarBepxneHHoe pe3yabTaTaMu
OHMOXMMHYCCKUX UCCIICIOBAHUI MPUCYTCTBUEC B MHUIIC-
JIUU TAHHBIX TTUTMEHTOB M MHTCHCUBHOE HAKOIUICHHUEC B
TECTE BBIACTIEMbIX CAMIM MHIIEIEM CBOOOTHBIX apoMa-
TUYCCKUX aMHUHOKHCIIOT (TUPO3HMHA), OKUCIISIFOIIIUXCS B
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Ta6nuua 3. Bnusinue 6uomaccel munenus Cordyceps militaris, BeIpalleHHON Ha cyOcTpaTe u3 3epHa Oyporo puca,
Ha KayecTBO XJieOa U TEXHOJIOTHYECKHE 3aTPAThI

Table 3. Effect of mycelial biomass of Cordyceps militaris grown on brown rice on bread quality and technological costs

HaumenoBanue 3HaveHHe 1MoKa3aTelisi PU JJO3UPOBKE MOPOoIKa Onomaccsl Mutenus rpubos Cordyceps militaris
ToKasaresis 0 % (xoHTpOIB) ‘ 1% 2% ‘ 3% 4%
TexXHONIOTHYECKHE 3aTPaThl U BBIXOA XJieha
3arparsl Ha OporkeHue, % 1,8 1,8 1,9 1,9 2,0
3arparsl Ha y1iek, % 9,7 8,5 8.3 8,2 7,7
3arparsl Ha ycbIxaHue, % 1,9 1,9 1,9 2,2 2,5
Berixon xueba, % 139,0 140,0 140,0 141,0 141,0
DU3UKO-XUMUIECKHE TIOKA3aTeIH
Brnaxnocts mskuta, % 44,0 44,0 44,0 44,5 44,5
Kucnornocts Msikuia, rpa. 2.5 2,5 2,5 3,0 3,5
ITopucrocts Mskuina, % 77,0 77,0 75,0 74,0 73,0
VaenbHbli 00beM, cM/T 2,5 2,3 2,3 2,2 2,1
OpraHoienTHIeCKHe MOKa3aTeIH
Ddopma IIpaBuiibHasI, COOTBETCTBYET XJIEOHOI hopme
TToBepxHOCTH PoBHasl, 6€3 TpeIInH U MO/PHIBOB TloapsiBel Ha
TTOBEPXHOCTH
Kopxa PosHas, ToHKas
Pa3smep nop IMops! cpennne
PaBHOMEPHOCTH pacIpeeIeHus Op Topucrocts paBHOMEpHAs
TomnmuHa CTEHOK 1Op TonxocTeHHast
CocTosiHMe MSIKHUILA DnacTUYHBINA JlocraTouHo VII0THEHHBIH
JJIACTHUYHBII

IBet msxumIa CBeTJ1blii CaeTJiblii Bonee Temublii ¢ cepoBaThIM OTTEHKOM

Kpomikosarocts He kporkoBarblit
3arax CBOMCTBEHHBIN JIJIS MILIEHUYHOIO XjIe0a CBOMCTBEHHBIH, C
TIPUBKYCOM I'pHOOB
Bkyc CBOICTBEHHBIN JUISl MIIEHUYHOTO XJieba IMwennynoro
xJyeba

Tabnuua 4. Bnusnue 6uomaccsl mutienust Cordyceps militaris, BeIpallleHHON Ha cyOcTpaTe U3 3epHa KpacHOTo puca,
Ha KayecTBO XJie0a M TeXHOJOIHYECKHUE 3aTPaThl

Table 4. Effect of mycelial biomass of Cordyceps militaris grown on red rice on bread quality and technological costs

HaumenoBanue 3HaueHME MMOKa3aTeN sl P TO3UPOBKE MOPOIIKa Onomacchl munenust rpuboB Cordyceps militaris
noKasarens 0 % (xontpoms) | 1% 2% 3% 4%
TexHOMOrn4eckue 3aTpaThl U BBIXOJ XJIeba
3arparel Ha Opokenue, % 1,8 2,0 2,0 2,1 2,2
3arparsl Ha ynek, % 9,7 8,5 8,0 7,1 7,1
3arparsl Ha ycbIxaHue, % 1,9 2,1 2,3 2,4 2,6
Beixon xiieba, % 139,0 140,0 139,0 140,0 141,0
DU3UKO-XUMHUIECKHE TIOKA3aTeIIN

Biaxkaocts mskuiia, % 44,0 44,0 44,0 44,0 44,5
KucnorHocts Msikuia, rpa. 2.5 2,5 3,0 3,0 3,0
TTopucrocts Mskuia, % 77,0 77,0 77,0 76,0 76,0
VnenbHbli 00beM, cM3/T 2,5 2,4 2,4 2,3 23

OpFaHOJ’IeHTI/I‘ICCKI/IC II0Ka3aTean

Ddopma [paBuibHAs, COOTBETCTBYET XJIeOHOIT hopme

IToBepxHOCTD PoBHasi, 6€3 TpewuH 1 HOIPHIBOB ‘ IIlepoxoBarasi, 6€3 TpeLMH U HOAPHIBOB
Kopka PoBnast, ToHKas

Pasmep nop IToper cpeanne

PaBHOMEpHOCTH pacnpe/ieseHus nop
TomnmuHa CTEHOK 1TOp

ITopucrocts paBHOMEpHas

TonkOCTEHHAs

CoCTOsIHHE MSIKHUIIA

DacTUYHBINH

L{BeT mskuIIa CaeTiblit C KpeMOBBIM OTTEHKOM C cepoBarbiM
OTTEHKOM
KpomkoBarocTs He kpomkopaTslii
3amnax CBOWCTBEHHBIH /IS MIIEHUYHOro Xjaeba CBOMCTBEHHBIH, C
TIPHBKYCOM TpHOOB
Bkyc CBOMCTBEHHBII IS MIIEHUYHOTO Xj1e6a [Mmenuynoro
xieba
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Pucynok 2. Buenrnuii Buj BeIIeYeHHBIX U3Aenuil B pa3pese: 1 — koHTpousb; 2 — 2 % nopomka Cordyceps militaris,
BBIPAIIEHHOT0 Ha cyOcTpare u3 3epHa Oyporo puca; 3 — 4 % nopouka Cordyceps militaris, BBIpallleHHOTO Ha cyOcTpare
n3 3epHa Oyporo puca; 4 — 2 % nopouka Cordyceps militaris, BbIpallleHHOT0 Ha cy0CcTpaTe U3 3epHa KPacHOTO pHca;
5 — 4 % nopomka Cordyceps militaris, BeIpalieHHOro Ha cy0cTpaTe U3 3epHa KPacHOTO pHca;

6 — 2 % nopomika Lentinula edodes; 7 — 4 % nopoika Lentinula edodes

Figure 2. Cross-sections of bread: 1 — control; 2 — 2% Cordyceps militaris powder grown on brown rice; 3 — 4% Cordyceps militaris
powder grown on brown rice; 4 — 2% Cordyceps militaris powder grown on red rice; 5 — 4% Cordyceps militaris powder grown
on red rice; 6 — 2% Lentinula edodes powder; 7 — 4% Lentinula edodes powder

IIPOIIECCE TECTOIPUIOTOBJICHHUS U BCTYIAIOIINX B Peak-
LU0 MEJAaHOUIMHOO00PA30BaAHUSL, IIPUBEIIO K TOJIYYSHUIO
0oJiee HACHIIICHHBIX OTTEHKOB [[BETA MSIKHIIA, HHTEHCHB-
HOCTb KOTOPBIX YCHJIUBAJIacCh C yBEIMYEHUEM JJO3UPOBKH
nopoika ouomaccsl munenus C. militaris (puc. 2) [40].

C nanpHEHIIUM yBEJIMYSHUEM J03UPOBKHU MOPOIIKA
onomaccer mutienust C. militaris (5 % u 6oiee) oTMeueHO
YCHJIMBAIOIIEECs YIUIOTHEHUE MSIKHUILA U CHIDKCHUE €TO
ANIACTUYHOCTH. DTO MOXKHO CBS3aTh C YPE3MEPHBIM TIPOTEO-
JIM30M OEJIKOBBIX BEILIECTB U M3MEHEHUEM HX CTPYKTYPbI
1 OMOXMMHUYECKHX CBONCTB (HEOTpaHWYCHHBIM HaOyxa-
HUEM, TICNTA3AIUCH, ICPEX0IOM B XKHUIKYIO a3y Tecrta),
YTO CONPOBOXK/IAJIOCH YMEHBLIEHHEM CTa0UIbHOCTH, KOH-
CHCTEHIIMH U YIIPYTOCTH TECTA, YBEIUUCHHEM €r0 Pa3iKiKe-
HUSI ¥ ©3MEHEHHEM OPTaHOJICNITHYECKUX U PU3UKO-XUMH-
YEeCKHX MOKa3aTesel KauecTBa BBINCUCHHBIX H3/ICITH.

[IpornopiroHanTbHO YBEINUSHHUIO TO3UPOBKH TTIOPOIIIKA
ouomaccel munenus C. militaris OTMEYCHO BO3pACTaHUE
KHCIIOTHOCTH MSIKHIIIA OIBITHBIX 00pa3ioB xieba (¢ 2,5 no
3,0-3,5 rpax., Tabm. 3—4), 00ycIOBICHHOE aKTUBU3AIHEH
MOJIOYHOKHCJIOTO OpOKeHHsI Ha )OHE MOBBIIEHHOTO 00-
pa3oBaHMsI MPOCTHIX CaXapoB.

XapakTepUCTHKA CTEIIEHU Pa3phIXJICHHOCTH BBIIIE-
YEHHBIX N3/IEINH MOKA3bIBACT, UTO 100ABICHHUE TOPOIIIKA
6nomaccel munienust C. militaris B no3uposke 3—4 % mpu-
BEJIO K CHIDKCHHUIO 3HAUCHHUH MOPUCTOCTH MSIKHILA XJie0a
1 YACNBHOTO 00beMa OMBITHBIX 00PAa3IoB. DTO COTIaCcyeTCs
C IPUBEACHHON B HayYHBIX paboTax HH(MOpMALUEH O TOM,
YTO TUIPOJINTHYECKOE AeHCTBUE IIPOTENHA3 BBICILIMX IPH-
0O0B, TIPH BO3MOXXHOM COXPaHEHUH TPHEMIIEMON MHKPO-
CTPYKTYpPbI KIIEHKOBUHHOM CETKH TECTa, OTPULIATEIBLHO
oTpaxkaeTcst Ha 00beMe, BHICOTE, TEKCTYPE U BHEIITHEM BH/IE
xireba [27]. CnenoBaTenbHO, HECMOTPSI HA IMTOBBIIICHHYTO
caxapoo0pazyoIIyI0 ClIOCOOHOCTH IKCIIEPUMEHTAIBHBIX
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MYYHBIX CMECEH U MPOrHO3UPYEMOe Ha OCHOBAHHHU ITOTO
yBelrueHUue 00beMa U3JIeNHid, BIMSIHUE THAPOIUTHYE-
CKUX (DEpPMEHTOB BBICHIMX TPUOOB NPU BHECEHUU B My4-
HBIE CMECH B JIO3UPOBKE CBhIIIE 1 % sBIIsIETCS OCHOBHOM
NPUYUHON yMeHbIIeHUs 00beMa XJieba Mpu COXpaHeHUH
PaBHOMEPHOI TOHKOCTEHHON IOPUCTOCTH MX MSKHILA.

[Tpumenenune nopomka GHoMacchl MALIENNS TPHOOB
L. edodes, BbIpalieHHO# Ha 3epHE MATKOW MIICHUIIBL, JIe-
MOHCTPHPOBAJIO MEHEE 3HAYNUTENILHOE BIMSIHUE Ha (PU3HKO-
XUMHUYECKHE MOKA3aTeIM KauecTBa OMBITHBIX 00pa3IoB
(Tabmn. 5). B BapmanTax qO3MPOBKU MOPOIIKA MULICIHS,
KOTOpbIE 00ECIICUNBAIOT XOPOIINE OPraHOJICITHIECKHE
nokazaresu (1—4 %, puc. 2), KUCIOTHOCTb ¥ MOPUCTOCTh
MSIKHIIIA OCTABAINCH HAa YPOBHE 3HAUSHHUsSI KOHTPOJILHOTO
BapuanTa. OTHAKO TIPU STOM TakXke 3a(hUKCUPOBAHO CHU-
JKEHHe yIeNBHOro o0beMa xieda ¢ 2,5 1o 2,3 cm’/r. Kpe-
MOBBII OTTEHOK MsIKHIIIAa 0Opasiia ¢ BBeneHueM 4 % mo-
poika OnoMaccel MHIIETHsT 00YCIIOBIIEH MEHEe aKTHB-
HBIM (T10 cpaBHEHHIO ¢ bromaccoii munienus C. militaris)
MPOIyIHpOBaHUEeM rpudamu L. edodes apoMaTHIeCcKUX
AMHMHOKHCJIOT, KOTOpPBIE YYaCTBYIOT B PEaKIIMM MEJIaHOH-
JTUHOOOPA30BaHMUs [P BbINICUKE MY4YHOM npoaykimu [40].

AHanu3 BIUSHHS TO3UPOBKU MOPOITKa GHOMACCHI
MUIIETHS Ha TEXHOJIOTHYECKHE 3aTpaThl M BBIXOJ XJieOa
TOKA3bIBAET, YTO JOOABJIECHHUE ITOPOIIKa OMOMacChl MULIE-
sust rpu6oB C. militaris 00yCIOBUIIO TIOBBILICHUE 3aTPaT
CYXHX BEIIECTB Ha OpOKeHHE, XapaKTEePU3yOILIUXCS Pac-
XOZOBaHUEM CYXHX BEIICCTB MyKH (B IIepecueTe Ha caxap)
Ha CITUPTOBOE U MOJIOYHOKHCII0e Oposkenue. Bozpacranue
3HAYEHUI YKCIIa MajieHus 32 CUeT HAJM4YUsl B MULEIUH
rpuda C. militaris BBICOKOAKTHBHBIX THJpoJa3 (amMmias
W TIETITHIA3) KOPPEIUPYeT C TOBBIMICHHEM OpOAMIBHOM
AKTHUBHOCTHU JPOOKEH N MOJIOYHOKHUCIBIX OaKTepuii Ha
sTare OpoKeHHs TecTa.
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Tabmuua 5. Bausaue 6nomaccel munenus Lentinula edodes, BripalieHHON Ha cyOcTpaTe U3 3€pHA MIICHUIBI, HA KAYECTBO
xJieba U TEXHOJIOTHYECKHE 3aTPaThI

Table 5. Effect of Lentinula edodes mycelial biomass grown on wheat on bread quality and technological costs

HaumenoBaHnue mnokazaresst

3HadyeHue MoKa3aTels NpH JO3UPOBKE MOPOIIKa OGroMaccsl Mulienust rpu0oB Lentinula edodes

0 % (KOHTPOIB) | 1% 2% 3% 4%
TexHOIOrHYeCKUe 3aTPaThl M BHIXO XIe0a
3arpatsl Ha Opoxenue, % 1,8 1,8 1,7 1,8 1,8
3arpatsl Ha ynek, % 9,7 9,7 9,8 10,0 10,2
3arparsl Ha ychIxaHue, %o 1,9 1,9 1,8 1,8 1,7
Brixon xi1e0a, % 139,0 141,0 141,0 140,0 140,0
DUZUKO-XUMUIECKUE MTOKA3ATEITH

Brnaxnocts msakuma, % 44,0 442 445 44.5 44.5
KucnorHocts MakumIa, rpaf. 2.5 2,5 2,5 2,5 2,5
[Topuctocts mskuia, % 77,0 77,0 77,0 76,0 76,0
VY nenbHbI 00bEM, CMY/T 2,5 2,5 2.4 2.3 2,3

OpraHonenanecxne TImoKas3aTeJIn

dopma [paBuiibHasl, COOTBETCTBYET XJICOHOU opme

TloBepxHOCTH PoBnast, 6e3 TpenyH U MoIpHIBOB

Kopxka PoBHas, ToHKas ‘ PoBHasl, yTosueHHas
Pasmep nop [ops! cpenHue [ops! cpenHue
PaBHomepHOCTH

pacnpeieneHus nop JlocTaTouHO paBHOMEpHAas JloctaTouHO paBHOMEpHas
TonmuHa CTEHOK TIOP TonkocreHHast TonkocTeHHAast

CocTosiHHe MSKHUIIA DnacTHYHBII

LBeT msikuIna CeTibli ‘ C KpeMOBBIM OTTEHKOM

KpomkoBarocts He xpomikoBatsiit
3amax CBOWCTBEHHBIN JIJIS MIIEHUYHOTO XJIe0a CBOWCTBEHHBIH,
C TIPUBKYCOM
rpudoB
Bxkyc CBOWCTBEHHBIIT JJIsl MIIEHUYHOTO XJieba [Tmennunoro
xiueba

Bornee naTEHCHBHOE OpOYKEHUE IPUBEIIO K AKTHBHOMY
PacxoJ0BaHUIO CaXxapoB, OTPAKEHHOMY B TIOKa3arese «3a-
TpaTsl Ha OpoxeHue». Hanbonee 3HauMTEIHHO BO3POCIH 3a-
TpPAaTHI CYXHX BEIIECTB Ha OpOKEHHE IPH BHECEHHH MTOPOIII-
Ka Grmomaccel Mutienust Tpu0oB C. militaris, BEIpaICHHON
Ha cyOcTpate u3 3epHa KpacHoro puca (¢ 1,8 mo 2,2 %).

Jlo6aBnenue mopoiika 6uoMacchl MUIETUS TPUOOB
L. edodes ipakTidecku HE BIHSICT HA 3aTPATHl CYXUX
BEIIECTB Ha OpPOXKEHHUE, YTO MOXKHO CBSI3aTh C HE3HAUH-
TEJILHBIM BIUSIHAEM (DEPMEHTOB 3TOT0 rpuda Ha caxapo-
Opa3zyromuryto crnocoObHOCTh (pocT npu fodasneHun 4 %
C. militaris co 135 10 279 Mr ManbTO3bL, IPU JOOABICHUH
4 % L. dodes co 135 no 205 mMr ManbTo3b1, Ta0IMI. 2).

3aTparhl Ha yIeK Mpu J00aBICHUN MOPOIIKa OMo-
Maccel Mutienus rpudoB C. militaris yMeHbIIaIHCh C 9,7
no 7,1-7,7 % 3a cyeT MEHbIIEero UCIApEHUsl BIaru u3
OITBITHBIX 00PA3II0B 1 00pa30BaHuUs 00JIee TOHKOU KOPOUKU
10 CPAaBHEHHUIO C KOHTPOJIBHBIM 00pa3iioM. OMbITHBIC
00pa3Ipsl ¢ qo0aBICHHEM OPOIITKA OOMACCHl MUTICITHS
rpuboB L. edodes oTnyanuck Oosee TOJICTOH 1 IIIOTHOH
KOpPOYKOH u Oosiee BBICOKUM yrekoM (pocT a0 10,2 %
10 CpaBHEHUIO ¢ o0pas3mamMu Ha KoHTpoie). Taxum o0Opa-
30M, pacueTHOE YBEIMUCHUE BBIX0a Xireba Ha 1-2 % mpu
no0aBieHUH Topolka ouomaccel mutienust C. militaris
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00yCIOBJICHO CHI)KEHHEM 3aTpart Ha YIIeK, TPH J00ABICHUN
MOpOIIKa OMOMAcChl MUIIETUs L. edodes — CHIKCHHEM
3arpaT Ha yChIXaHUeE.

3arpatsl Ha yChIXaHUE, 00YCIOBICHHBIC HCITApEHUEM
YaCTH BJIATU ¥ JICTKOJIETYYHX KOMIIOHEHTOB B ITpoLiecce
OCTBIBAHHMSI U TTOCIIETYIOIEr0 XpaHeHus! X1e0a, Py BHe-
CEeHMH Topoika ouomaccel munienus rpudos C. milita-
ris Bo3pocau ¢ 1,9 (konTpoms) 1o 2,5-2,6 %. obasie-
Hue L. edodes 3a cueT Oojiee MEUIGHHOTO HUCIAPEHUS
BJIary uepes3 0oJiee MIOTHYIO U TOJICTYIO KOPOUYKY CHU3HIIO
norepu Ha ycymky ¢ 1,9 no 1,7 %.

BriBoABI

B ycnoBusx xy1e00meKkapHoro mporu3BoACTBa HCIOJIb-
30BaHUE OMOMACCHI MHUIIETHS BBICIINX TPHOOB BMecCTe
C 3CpHOBBIM CyOCTpaTOM 00ECIIEYUBACT TOCTIIKCHHE
Pe3yJIbTaTOB, COMMOCTABUMBIX C PE3yJIbTaTaMH MPUMECHE-
HUS 9UCTONW OMOMACCHl MUIICIHS.

B coctaBe My4HBIX cMecell THApOIUTHICCKUE (ep-
MeHTHI Mutienus rpudoB Cordyceps militaris w Lentinula
edodes oOecrieunBalOT MOBBILICHUE caxapooOpasyomen
crocoOHOCTH U CHIDKEHHE YHCTa MaJAeHus, paboTaioT Ha
YBEJIIMYCHUE KOJMYECTBA OTMBIBAEMOU KIICHKOBHUHBI TIPU
HE3HAYUTEIHLHOM CHIXKCHHUU e¢ yIpyroctu. OTMeUeHHbBIC
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M3MEHEHNUS JaHHBIX MOKa3aTesIel HaXOIATCs B MPSIMOH
KOPPEJISINH C KOJTMIECTBOM BBOJJMIMOTO B MyYHBIE CMECH
OpoITKa OMOMAaCCH TPHOHOTO MUIICITHS.

[Tpu noGaBeHNH MOPOIIKA OMOMACCH MULIEIHS B JIO3H-
poBke 1—5 % TecTo coXpaHsUIo MpHeMIIEMbIE CTPYKTYPY
U BSI3KOCTb, YTO TOBOPHT O COXPaHEHUH B HEM HOPMaJIbHOH
KJIEHKOBMHHOM CeTKH. Brineuka usnenuit, chopMoBaHHBIX
13 TECTa C TaKOH JO3MPOBKOM TOPOIIKAa OMOMAcChl MULIe-
s, obecrieunia noiryueHue xyiebda CTaHIapTHOTO Ka4ecTBa
TOJBKO B BapUAHTax ¢ I03UPOBKOit 10 4 %. M3nenmus ¢ nobas-
JenueM nopoiuka L. edodes B iporiecce Bbileukd (HopMu-
poBanu 0ojee IIOTHYIO U TOJICTYIO KOpKY. IloBbimenue
JIO3UPOBKH TOPOIIKa OMOMACCHI MULIEIINS BBI3BIBAJIO YBE-
JIMYCHHE BIQKHOCTH MSIKHIIA, YXY/IILIEHUE CTPYKTYPBI €ro
0P, BBIPAKEHHOE IMOTEMHEHNE MAKHILIA U TOSBICHHE
HECBONCTBEHHBIX XJ1€0y XapaKTepHbIX IPUBKYCa U 3araxa
rprOOB, YTO CIIOKHO CUUTATH IPHEMIIEMBIMH KaueCTBAMHU
JUTS TTPOJTYKIINH XJI€00TIEKapHOTO MPON3BOICTBA.

Kpurepun aBropcra

HcenenoBanne ObUIO 331yMaHO, peaIM30BaHoO, MPOaHa-
JIM3UPOBAHO U OMTHCAHO aBTOPAMH KOJIIEKTUBHO. Pykomuch
BBIUUTAHA U [IPUHATA B [IPEJCTABICHHON BEPCUU KAK OKOH-
4aTeJIbHOM BCEMU aBTOPAMH.

Konduaukr nuarepecon
ABTOpEHI 3a4BIAIOT 00 OTCYTCTBUHU KOH(INKTA HH-
TEPECOB.
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