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AHHOTALIUSA
PocT uymcneHHOCTHM HaceneHusi 3€MHOTO Illapa, HCTOIIEHHE NPUPOAHBIX PECYpCOB U
CBSI3aHHAsl C 3TUM HEXBATKa MPOIOBOJBCTBHUS CTaBSAT BOIPOC O HEOOXOIMMOCTH NEpepadOTKU
MPOU3BOJUMBIX PACTUTCIBHBIX OTXOJ0B C LCJIbIO 3alllUThI OprX(a}OIlIeﬁ Cp€abl U TOJTYUYCHUA
AIBTCPHATUBHBIX HWCTOYHHMKOB IIHAIIU. Hcnonp3oBaHue HEJUIIOJIO30COACPKAINX TTOXKHHUBHBIX
OCTaTKOB Ul MPOM3BOJCTBA BBICUIMX TI'PHOOB SBISETCS ONTUMAJIbHBIM PEIICHHEM yKa3aHHBIX
npobieM. Bpicokas mnumeBas M JIEKapCTBEHHAs ILIGHHOCTh BBICIIMX TpUOOB [JOKa3aHa
MHOI'OYUCJICHHBIMHU HCCJICIOBAHUSIMU. OILHaKO MpoueCChbl KYJIbTUBUPOBAHUA BBICHIUX I‘pI/I6OB
CTAIIKMBAIOTCA C TPOOJIEMOl CENeKTUBHOCTH CyOCTpara, CIEP)KHBAIOIIEH POCT 3TOH OTpaciu
npousBoAcTBa. K HacTosIeMy BpeMEHH HAKaIUIMBAIOTCS JAHHBIE O B3aWMOJECHCTBUM BBICIINX
rpubOB ¥ MHUKPOOPTraHM3MOB, KOTOpPOE  OTKpPHIBAa€T  BO3MOXKHOCTH  YIPaBIISIEMOTO
KYJILbTUBUPOBAHHA W HAIIPABJIICHHOI'O ouocHHTE3a MPAKTHYCCKNU HCHHBIX META0O0JIMTOB BBICIINX
rpu6oB. CTaThsl MOCBSIIEHA PA3IMYHBIM aCHEKTaM BO3AEHCTBHS MHUKPOOPraHM3MOB Ha IpOLECC
BBIpaIlMBaHMS BBICHIUX IPHUOOB.
KiroueBble ciioBa: BbICIINE TPUOBI, IEIUTIOI030COAEPKAIUE OTXOABI PACTEHHEBOJICTBA,
KOMIIOCTUPOBaHHE, CTUMYJISLIUS POCTa, MyTYaIMCTHYECKHE B3aMMOOTHOLICHUS, MUKOchepa.

UucneHHOCTh HaceNeHus 3eMHOTr0 Iapa HEYKJIOHHO pacter. Tak, eciu B Hauajie
XX Beka B MHpPE HACUUTHIBAJIOCH 1,6 MWUIMAp/aa YelnoBeK, TO 3akoH4mics oH ¢ 6,0
muuaapaamu.  Cormacio otgetry UN  World  Population  Prospects 2015 roga,
KOJIMYECTBO JIOJied B Mupe Ha cepeauny 2015 roma cocraBwino 7,3 mwimuapaa, u
nporHosupyercs, uro k 2030 romy oHo gocturHer 8,5 mumuiuapaa, k 2050 rogy - 9,7
murapnaa, a k 2100 roxgy - 11,2 mummapaa, npudem Oosibliiasi 4acTh pocta OyAeT
MPUXOJUTHCA HAa MEHEE pa3BUTHIE CTPaHbl. YBEIMYECHHE HaceleHusi npumepHo Ha 80
MHJUIMOHOB KaXJBIA TOJI BBI3LIBAET BIIOJHE OOOCHOBAHHBIE OITACCHHS OTHOCUTEIIHLHO
BO3MOXKHOCTH OOCCIIEUCHHS €ro HEOOXOIWMBIM  KOJMYECTBOM UMM U HJOJDKHBIM
YPOBHEM MEIUIIMHCKOW MOMOIIH, & TAKKE CBSI3AHHOM C ATUM IMOBBIIICHHOW HAarpy3KOM Ha
rI100anbHBIE JKOCHUCTEMBI. YK€ B HACTOSIIEE BpeMs HEXBaTka MPOJOBOJIBCTBHS,
YXYIIIEHUE COCTOSTHUSI 3JI0POBBbSI W KadyecTBa OKPYKAIOIMIEH Cpelbl  SBISIOTCS
Cepbe3HBIMU TIPOOJIEMaMU, OTPHUIIATEIHHO BIHUSIONIMME Ha OJIATOCOCTOSIHUE YeIOBEKa.

HecMoTps Ha mOCTOSIHHYIO pa3paOOTKy HOBBIX TEXHOJOTUIA U WHHOBAIIMH, PEIICHUE
BOIIPOCa YMUPAETCS B OTPAHMUEHHYI) BO3MOXKHOCTH WHTEHCHU(DHKAIUU 3EMIICICIUS U
KUBOTHOBOJCTBA, uTOo chopmynupoBaHo B otuere ZERI (MccnenoBarenbckas
WHUIMATHBA 10 HYJIEBBIM BBIOpOcaM) XaOuyIens: «Mbl HE MOKEM OKUIATh, YTO 3eMIis
OyJIeT TmpOU3BOAUTH OOJBINE - MBI JOJDKHBI JENaTh OOJIBIIE C TE€M, YTO 3eMJsl yKe
MPOU3BOIUTY. BrICTpOE UCTOIIEHNE TPAAUIIMOHHBIX PECYPCOB 3aCTABIISIET JIFOAECH UCKATD
TbTEPHATUBHBIC UCTOYHUKHU UM, YIOOPEHHI U TOIUIMBA. B 3TOM miane ocTpo BcTaer
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HeoOxoIuMOoCTh OoJiee TMIyOOKOH MepepaOdOTKH pa3NTUYHOTO POJia OTXOJ0B, BOBJICUCHUE
UX B IPOMBIIIICHHBIH 000POT B KAY€CTBE BTOPUYHOTO CHIPHSL.

Haubonee pacnpocTpaHEHHBIM OTXOJOM TNPAKTHYECKOW JIEATEILHOCTH 4YeJIOBEKa,
3arpsI3HAIONIUM OKPYXKAIOLIYI0 CpENy, SIBJSIOTCS pazuyHble MMOXHUBHBIE OCTATKH U
IpyTrue LEJUII0030CoAepKalMe MOOOUHbIE IPOIYKThl CEIbCKOXO3SHMCTBEHHON W
MIPOMBIIIJICHHON JESTeIbHOCTH YE€JIOBEKa, MUPOBOE MPOU3BOJCTBO KOTOPBIX COCTABIISET
okoio 200 muipa T B rof [1, 2], mepepaboTka U yTUIU3AIUs KOTOPBIX 3aTpyIHEHA M3-3a
UX CJIOXHOI0 XUMHU4eckoro coctaBa. lllupoko pacmpocTpaHeHHBIN nmpueM u30aBlieHUs
OT HUX IyTeM cxkuranus (ocobeHHo B crpaHax lOxuoit u IOro-Boctounoit Asum u
Adpuku) B HacTofllee BpeMsl IMOABEpraeTcsi CTPOrOMYy 3alpeTy H3-3a yCyryOsieHus
NapHUKOBOTO 3(QeKTa, BBHICOKOTO YPOBHS 3arps3HEHHUs BO3[yXa, OTPHUIATEIHHO
BIIUSIIOLIETO HA 3/J0POBhE HACEJIECHUS, THOEIH MOJIE3HON MUKPO(DIOPHI B MOYBE U APYTUX
OOBEKTUBHBIX TPHYHH.

Opuum u3 Hanbosee MPUEMIIEMBIX U JIaXKe ONTUMANIbHBIX PEHICHHUH B 3TOM IUIaHE B
XXI Beke mpencTaBiaseTcsi MPOU3BOJICTBO BBICIIMX IPHOOB, HTPAOIINX BAKHYIO POJIb BO
MHOTHX acCleKTax OJarocoCTOSHHUS YeNOBEeKa, KaK JO0Ka3aHO HUX MHOTOBEKOBBIM
HCIOJIb30BaHUEM. Y TpUOOB €CTh [Ba TUIA BHEKJIETOYHBIX ()EPMEHTATUBHBIX CHUCTEM;
THAPOJIUTHYECKAsT CHUCTeMa, KOTOopas MPOU3BOAUT THUIPOJIA3bl, OTBETCTBEHHBIC 3a
pa3joKeHue TOJMCaXapuJIoB, M YHUKaJbHas OKHUCIUTENbHAas U BHEKJIETOYHAs
JUTHUHOJIUTUYECKAs] CHUCTeMa, KOTopas pasjiaraeT JIMTHUH U OTKPBIBAE€T (PEHHIIbHBIC
kosbiia [3]. Be3 orpuiarenbHbBIX MPABOBBIX, ITUYECKUX U APYrHX MOCIEACTBHMA 3Ta
¢dbopMa OMOKOHBEPCHUU UMEET HE TOJBKO ONArOmpHsITHBIE COLUAIHLHO-3KOHOMHYECKHE
MPEUMYIIECTBA, 3aKJIOYAIOUIUECs] B IIOJYyYEHUU MPOAYKTOB IHUTAaHUS, HO TaKXKe
YBEJIIMYUBAET BO3MOXKHOCTH TPYAOYCTPOMCTBA HACETCHHS U OKa3bIBAET MOJIOKUTEIHHOE
BO3JEHCTBUE HA OKPYKAIOWIYIO CPENY.

IInmesas n 6MoI0rMYECKAas HEHHOCTH BBICIIMX IPHOOB

CpenobHble TpuOBl MIMPOKO MOTPEONSIOTCS BO MHOTMX CTpaHaX U SIBJISIOTCS
LIEHHBIMM KOMITOHEHTaMH PallMOHa M3-3a MPHUBJIEKATEIILHOTO BKYyCa, apoMaTra U MULIEBOM
LIEHHOCTH, YTO BO3BOJUT MX B PAHT JIEIMKATECHBIX NMPOAYyKTOB. C Apyroil CTOPOHBI, U3-3a
HEBBICOKON CTOMMOCTH IPOM3BOJCTBA M JOCTYIHOCTH JUIsl IIMPOKUX KPYroB HAacEJIECHUs
UX Ha3bIBAIOT «MsCOM Juis OemHbix» [4]. BiaXXHOCTh TJIOMOBBIX TEN CBEXKHUX
Makporpu6oB cocrasiseT okoio 90%. B nepepacuere Ha cyxoe BEIIECTBO OHM COJIEpKaT
ot 50 1o 65% yrneBonoB, oT 19 mo 35% OenKOB U CPaBHUTEIHLHO HU3KOE KOJUYECTBO
xupa ot 2 10 6% [5, 6]. braromaps BHICOKOMY COAEPKAHHIO HEHACHIIICHHBIX KUPHBIX
KHUCJIOT (MaJIbMUTUHOBOW, OJIEMHOBOM M JIMHOJIEBOW), OMOJOTMYECKH AaKTUBHBIX OEIKOB
(pepMeHTOB, JEKTUHOB, dPTOTHOHEUWHA M JIp.), (PEHOJIBHBIX COEAMHEHHN ((EeHOIBHBIX
KHUCJIOT U NOJU(EHOJIOB), BATAMUHOB (THaMKHa, pubodIaBrHa, aCKOPOMHOBOW KUCIIOTHI,
HUAIIMHA U TOKO(EPOJIOB) U APYrUX OMOJIOTMUECKU aKTUBHBIX BEIIECTB, BHICIINE TPHOBI
MOTYT paccMaTpuBaThCsi B KAayecTBE BAKHOTO HCTOYHHMKA  HHU3KOKAIOPUIHOMN
(GYHKIIMOHATBHON MUIIM ¥ HYTPUIEBTHKOB [7]. BosibimM npenMyiiiecTBOM rpudoB Kak
NPOAYKTOB THMTAaHUS SBJISIETCS TO, YTO OHU B OOJBIIMX KOJMYECTBAX COJAEPIKAT
JIMETHYECKHe TMHIIeBbie BOJNOKHA [8] W aHTHOKCHIAHTHL. BbicOkoe copepkaHue
AHTUOKCHUJIAHTHBIX COEIMHEHUH, JIETKO KCTParupyeMbIX HETOKCHYHBIM PacTBOPUTEIEM,
MO3BOJISICT UCIOJIB30BaTh 3KCTpakT Agaricus brasiliensis B muieBoii MpOMBIIIIEHHOCTH B
Ka4ecTBe NPUPOTHOTO aHTHOKcHaaHTa [9].

HNmenHO cTpemiieHne K cOallaHCHPOBAaHHOMY MUTAHUIO MPHUBENIO YEIOBEYECTBO K
YBEJIMYECHUIO TOTpeOIeHHs MPOAyKIUU rpudoBoacTBa Bo BceM mupe [10]. B Kurae ona
cocrapisieT 0osee 80% OT MUPOBOIO MIPOU3BOJICTBA, BO BCEM MHUPE MTPOU3BOJICTBO IpHOOB
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TaKKe HEYKJIOHHO Bo3pacTaeT (mo gaHHbIM FAQ), 0COOEHHO 3TO aKTyaJbHO s
Pa3BUBAIOIINXCS CTPaH.

OnnuM u3 Haubosiee HIMPOKO KYJIBTHBHPYEMBIX TI'pUOOB B 3alagHBIX CTpaHax
siBsieTcst Agaricus bisporus, mmMpoko HM3BECTHBINH Kak OCJbIi IaMITMHBOH, 3aHUMAFOIIHI
9KOJIOTMYECKUE HUIIM, OOraThie JTUTHOEIUTI0I0301. A. DISPOrus Ha mpoTskeHuu Oosee
200 siet ObLT BaXKHBIM KOMIIOHEHTOM paliioHa yesoBeka. OH cocTaBiisieT OOJBIIYIO YacTh
OT O0IIero KOJIMYecTBa TPUOOB, MOTPEOISIEMBIX B OOJBIIMHCTBE 3aMajHBIX CTPaH.
BropeiM 1o pacnpocTpaHeHHOCTH B Mupe sBiasercss Pleurotus spp. - BeieHka, Tak
Ha3pIBaeMblid ycTpuuHblii Tpud. B Kurtae u psme apyrux HOro-BoctouHbIX CTpaHax
npeanouTenue otmaercs Lentinus edodes (mmuTake), a TaKXKe BBIPAIUBAOTCS
Flammulina velutipes (3umuHue wmakporpuOsl), Auricularia auricula (mpeBecHbie
makporpu6Osl) u Volvariella volvacea (comomenusii rpu6) [11-14]. Tlomyuwin
pacrpocTpaHeHHE TakKXe JIeKapcTBEHHbIe MakporpuObl, Bkiaodas Ganoderma lucidum,
Cordyceps sinensis [15], Phellinus linteus, Antrodia cinnaomea u Xylaria nigripes [12,
16].

Kak moka3zan MHOTOJIETHUN OMBIT HAPOJHON MEIUIIUHBI FOTO-BOCTOYHBIX CTPaH —
Kwuras, Anonun, Kopen u 11p., rinogoBele T€a MHOTHX MaKPOMHUIETOB XapaKTEPU3YIOTCS
pPSAIOM JOCTOMHCTB HE TOJBKO BKYCOBOI'O M MHINEBOrO, HO U JIeYeOHOro Xapakrepa.
Tonpko B Kurae ormedeno cBbime 270 BUAOB TPUOOB, MMEHOIIUX MEIUITMHCKYIO
3HAYUMOCTb, TMPU 3TOM MakpomuieThl Oonee yeM 100 BHIOB OOBIYHO HCIONB3YIOTCS B
TPaIUIIMOHHON MEIHUIINHE.

Hcnonb3oBanue rpuboB MOTHOCTHIO COOTBETCTBYET CTApO KUTAMCKOW MOTOBOPKE:
«MemuuuHa W ena UMEOT oO0IIee MPOUCXOKACHHE». IJTO YTBEPXKACHHE OCOOEHHO
MPUMEHUMO K rpubaM, MUTATeNbHbIE U JieueOHbIe CBOWCTBA, a TaKkKe TOHU3HMPYIOIINE
3¢ EeKTh KOTOPBIX B KaueCTBE HYTPHUIICBTUKOB WJIM IHUIIEBBIX J00ABOK, YK€ IaBHO
npusHansl [17].

@deHOoNbHBIE COeNMHEHHS, TEPIICHBI, CTEPOUIBI U TIOIHCAXaPHUIbI, COAEPIKAIINECcs B
rpubax, OTJIMYAIOTCA PA3IUYHOM OHojoruueckoi akTuBHOCThIO. OHM 00sagaroT
MIPOTHBOBOCTIATUTEIIEHBIMH [18], UMMYHOCTHUMYJTHUP YIOIITMH [19-23],
OpOTHBOBHPYCHBIMEH  [24, 25], remaTOmpoOTeKTOPHBIMH, MPOTHBOALICPTCHHBIMH,
aHTHOMOTHYECKUMHU [26,27], anTHOKCHAaHTHBIMU [28, 29], rumoxoaecTepUHEMHUYESCKUMHU
U @aHTHATEePOT€HHBIMU CBOMCTBAMH M UCIIOJIB3YIOTCS AJIS JI€UEHHs CepAEUHO-COCYTUCThIX
3a0oJieBaHMi, TUTIEPTOHMH, aTepockiepo3a, auadera [30], mocnencTBuii WHPAPKTOB U
UHCYNbTOB, Oone3snu [lapkuHcona, Aunbureiimepa [31, 32], a Takxke, Omaromaps
MPOTHBOOITYXOJIEBEIM ~ CBOWCTBAM, JUIE  CHWKCHHSI BEPOATHOCTH WHBA3UH |
Meracra3upoBanus paka [33-38]. Dtu cBoiicTBa moATBEpKACHBI Kak IN VItro, tak u in
vivo [21, 39-42].

OueHb BaXHBIM JUII COBPEMEHHOW MEIUIMHBI SIBISETCS TO, YTO MaKpOTpHUOBI
MPEJCTABISAIOT COOOH HeWcdeprmaeMblid HWCTOYHHK IoymcaxapunoB (ocoOeHHO P-
TJIIOKAaHOB) M TOJHMCAaXapuA-MPOTEHHOBBIX KOMILJIEKCOB, 00JaJaloOUIMX OJHOBPEMEHHO
MPOTUBOBUPYCHBIMH, IPOTHBOPAKOBBIMU U UMMYHOCTUMYJTUPYIOIIUMHE CBOcTBamu [43-
47], uro mo3BOJISET pa3padaThIBaTh JIEKAPCTBEHHBIE CPEJCTBA KOMIUIEKCHOTO JICHCTBUSI.
[MpenmymiecTBa Asisi 370POBbS YeJIOBEKAa T'PUOHBIX IMUINEBBIX BOJOKOH 3aKIIOYAIOTCS B
YKpPEIUIEHUM MMMYHHOM CHUCTEMBI, B CBS3M MPOTHBOPAKOBBIMHU (DYHKIMSIMHU, a TaKXKe
KOHTPOJIEM YPOBHSI JTUITH/IOB U TJIFOKO3bI B KpoBH [8].

[loBpexxaenne wiaM  oclabieHHe MPUPOJHBIX HMMMYHOJIOTUYECKUX —peakUui
MaIMeHTa, OCOOCHHO TpPH XHUMHOTEpAlMd W PaJUOTEpaIrlu, SBISETCS TIaBHON
npoOJeMOl MpH JIEYEHWH OHKOJIOTHYECKUX 3aboneBaHuil. I'puObl CcrocOOCTBYIOT
VIYYIICHUI0 KadecTBa )KU3HH OOJBHBIX BBHY TOTO, YTO OHU aKTHBHPYIOT MPHUPOTHBIE
MMMYHHbBIE€ OTBETHI OpraHM3Ma U MOT'YT UCIIOJIb30BaThCS KaK MOAICPKUBAIOILIAS TEPAUs
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u g npodwnaktuku paka [48]. Pomp Takux cpenctB w3 0Oa3uAMANBHBIX TPUOOB
BO3pacTaeT B NpoUIaKTHKE U JICYEHUU BUPYCHBIX MH(EKUUH, a TakKe, BOZMOXKHO, B
IIPEIOTBPALLEHUH OIYXOJIEBBIX MPOLECCOB, KOTOPbIE MOT'YT «3aIlyCKaTbCs» B OpraHU3Me
YeJloBeKa IIPU BO3JICHCTBUU BUPYCOB.

XO0Ta aKTHBHOE JEHCTBHE TPUOHBIX NPENapaToB yCTYMaeT TAaKOBOMY XMMUYECKH
CUHTE3UPOBAHHBIX, OHU UMEIOT 0o0Jiee HU3KYIO CTOMMOCTD, YeM ux aHanoru. Kpome Toro,
OMOJIOTMYECKH AKTHUBHBIE BELIECTBA I'PUOOB HE OKA3bIBAIOT TOKCHYECKOTO JCHCTBHS,
KOTOPOE OTMEUaeTCsl PU MPOXOXKICHUU Kypca xumuorepanuu [49].

B mnocnennue pecaruneTus mnpenapatbl M3 IUIOJAOBBIX TEl I'PUOOB YCHENIHO
3aBOeBBIBAIOT (hapMmarieBTuueckue poiHkH EBpomnbi, CIIIA u, ocobenHo, Snonuwm, rae
COCTaBJISIOT JO0 TPETU BCEX IPUMEHSIEMBIX HMMYHOKOPPEKTOPOB U OHKOCTATHUKOB.
HoBocubupckumu crenmanuctamu u3 ['HI] Bupyconoruu u 6uorexHosoruu «BekTop»
ObUIM YCTaHOBJIGHBI HauOoJiee NEPCHEKTHBHBIE IITaMMbl TPHOOB, AKTUBHBIC B
otHomenun BUY-1, BupycoB mnpocroro repreca, 3anaaHoro Hwia, rpunmna pasHbIX
CyOTHIIOB U OPTOIIOKCBUPYCOB (HAaTypaJbHON OCIIBI U Jp.), TP 3TOM HEKOTOPBIE U3 HUX
OKa3aJnch OJHOBPEMEHHO AaKTUBHbI B OTHOIIGHHWH Tpex U Oojee MaTOreHoB.
AOCOTIOTHBIM PEKOPACMEHOM CTajl LIMPOKO HW3BECTHBIN Oepe3oBblii rpud, WM yara,
(IoioBBIe  Tena TPYTOBHMKA CKOIIEHHOIO): €ro S3KCTPaKT MOJaBisl aOCONIOTHO Bce
UCCIIEIOBaHHbIE BUPYCHl. BBICOKYI0O NPOTMBOBUPYCHYIO AaKTUBHOCTb IIOKa3ald M
HEKOTOpBIE Jpyrue BHJIBI TPYTOBUKOB, a TaKXe Becelka OOBIKHOBEHHAs, BEIICHKH
nerovHas u ycrtpuanas [50].

KyasTuBupoBanue rpu6oB

[IpeumymiectBo rpu0OOB 3akiO4yaeTcs B HAIUYUU Y HUX CIIOCOOHOCTH
BbIpa0aThIBaTh TPYIIY CIO0XKHBIX BHEKJIETOUHBIX THAPOIUTUYECKHX (EPMEHTOB, TAKHX
KaK JlaKKa3a M yHHMBEpPCAJbHbIE IEPOKCHUJA3bl, OOECHEUYMBAIOIIUX JOCTYIHOCTh
JUTHOLIEJUTIONO3bI  JUIsl  JajibHEMIero HWCHOJb30BAaHUS B  KauecTBE HCTOYHHUKA
yraepogHoro mnutanus [51, 52]. I'puObl MOXHO BbIpalIdBaTh C HCIIOJb30BAHHEM
TPaIULMOHHBIX METOJIOB BEACHHUS CEIbCKOTrO0 XO35iCTBa WJIM C HCIOJIb30BaHHEM
BBICOKOMHIyCTPUAITbHBIX TEXHOJOTWH B TOPOJACKUX M MPHUTOPOAHBIX ycioBusx [53-55].
ITpoayKTUBHOCTh BBICIIMX T'PUOOB MNpPU MPOMBIIUIEHHBIX CIIOCO0aX MX IOJTy4eHUs
nocruraer 120-150 kr ¢ 1M? moIe3HO# IUTOMA/H, 9TO COOTBETCTBYET Moiy4deHuto 4,8-6,2
T cyxoro 6enka ¢ 1 ra B rox [56].

B nmocnmemHme TOABI  ONTHUMAalNbHBIM — TPU3HAH  CENIEKTHUBHBIA  CyOcCTpar,
OTJIMYAIOIIMICA OT HIMPOKO PpAaCHpOCTPAHEHHOI'O paHHEe CTEePHIIBHOrO cyOcTpaTa
OTCYTCTBHEM HEOOXOJIUMOCTH OOJBIINX 3HEPreTMUECKUX 3aTpaT, OCBOOOXKIAIONIIUX €ro
OT IJIECHEBBIX T'PUOOB M APYTrUX MHKPOOPTaHW3MOB, KOHKYPHUPYIOIIUX C TpudaMu 3a
UCTOYHMKM NuTaHud. Haubonee pacnpocTpaHEHHBIM M SKOHOMMYECKH OIPaBJIaHHBIM
CIOCOOOM TOJIy4EHHUsI CEJIEKTUBHOIO cyOcTpara JUIsi KyJIbTUBHPOBAHHUS MakporpuOoB
aBnseTcs cnoco0 TBepAodazHOM MUKpPOOHOH (epMeHTanuu, WHBIMH CIIOBAMHU
KOMIIOCTHPOBAHUS, TIO3BOJISTIONINI YTHIN3UPOBATh Pa3InYHbIE OTXOBI. Takum oOpa3oM,
KOMMepUYeCKoe IMPOM3BOACTBO IPUOOB OCHOBAHO HA CEpUU CTaAUN TBEpAOH (pepMeHTaIIuN
B KOHTPOJHPYEMBIX VYCIOBHSX, B KOTOPBIX TpHUOBI COBMECTHO C OaKTepUsSIMHU
OCYILIECTBISIOT 00pabOTKY CBIPbsl, MUHUMU3HUPYIOT Pa3BUTHE I'PUOHBIX KOHKYPEHTOB U
CTHUMYJIUPYIOT MPOIECC TUI0A0HOIIeH s [57-61].

Jns  BelpamiuBaHusl  TpuOOB  MOTrYT  OBITh  HCIHOJB30BAHBI  pa3IMYHbIC
JIUTHOIIEJUTIONO3HBIE OTXO/IbI arpOpPOMBIIIIICHHOTO KOMIUIEKCA - TMIICHUYHAS W PUCOBAs
cojioMa, Jpyrue MOXKHUBHBIE OCTAaTKH, OTPYOH, puUCcOBas IIenyXa, KyKypy3Hble MMOYaTKH,
MOoOOYHBIE TIPOMYKTHI JIECHOTO XO3MHCTBA, a TAaK)KE OTXOIBl OJHMBKOBBIX 3aBOJIOB,
Ko(eitHOro MpoM3BOJICTBA, BEreTaTWBHAs 4YacTh TOMMHaMOypa, CTeOJIM XJIOMYaTHHKA,
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0oTBa apaxmca, cOJOMa COHM, CTeOJHM, JIMCThbS TONyOMHOTO ropoxa u ap. [62-66], B
pe3yJbTaTe Yero o0pazyercs BBICOKOIUTATEIbHAS YKOJIOTUYECKU YMCTasi OnomMacca.

Haunbonee pacmnpocTpaHEeHHBIM CBHIpEM Ui HpOHM3BOJCTBa TpuboB B HOro-
Bocrounoit Asuu sBasiercs pucosast conoma. [lo ganubiv Lin Wang ¢ coaBropamu [67],
Opd ee KOMIIOCTUPOBAaHMM TEMIIeparypa KOHBEPTUPYEMOW MAacChl IOBBIIIACTCS
3HAYUTENBHO OBICTpPEE, YeM TMPH KOMIOCTUPOBAHMU IIIIEHUYHOW COJOMBI, a
COOTHOIIICHUE YIJIepoJia K a30Ty CHMXkaercs ObicTpee. PasHooOpasue OakTepHalibHOTO
coo0IIecTBa KOMIIOCTA U3 PHCOBOW COJIOMBI OBLIIO OOJIBIIMM IO CPABHEHHUIO C KOMIIOCTOM
U3 TMIICHAYHOW COJIOMbI Ha TIEPBBIX CTAIUAX KOMIIOCTUPOBAHHS, 3aTeM pa3HHUIlA
criaaxuBasiack. COOTBETCTBEHHO KOMITOCTUPOBAHHE PHCOBOM COJIOMBI TPHBOIHUT K
yAYYIIEHHOMY Pa3jOXCHHI0O M aCCUMWIISALIMU MPOAYKTOB pacmaga rpudom A.bisporus,
9TO TOBOPHUT O ee Oobieit 3 dexkrrnBHOCTH. COBPEMEHHBIMH METOJJAMH HCCIICIOBAHUS
YCTAHOBJICHO, YTO  pa3HooOpasue OakTepwii, MPUHUMAIOMIMX y4yacTHE B TIpoIecce
MOJrOTOBKH CyOCTpaTa, 3HAYMTENIBHO OOJIbINE, YeM COOOIIaJoch B HCCICIOBAHMSIX,
OCHOBAaHHBIX Ha METOJaX, 3aBHCAIINX OT KYJIbTUBUpOBaHHS. VX KHU3HEAEATCILHOCTH B
OOJIBIIION Mepe 3aBUCHT OT YCJIOBMH KOMIOCTHpoBaHus. Tak, mopsgok Bacillales
MOKa3bIBaET OTHOCUTEIBHO 00Jiee BHICOKOE COAEPIKaHNE TAKCOHOMUYECKUX CIMHHUI] TIPU
OoJiee BBICOKOW TeMIlepaType MacTepHh3aliy, YTO TAK)Ke ObUIO CBS3aHO C U3MEPEHUSIMHU
BBICOKHMX BBIOPOCOB aMMHaKa, 4TO 3aMeIseT pocT muiienus Agaricus bisporus [60].
Conoma mpoca Takxke sBisieTcss 3QPEKTHBHBIM PECYpCOM ISl BRIpAIMBAaHUS TPUOOB, IO
YPOKAMHOCTH HE YCTymawmuM coioMe mmeHunsl (1o 20 kr/m2). Ha ocHoBaHuu
cekBeHupoBaHuss reHa 16S pPHK Bo Bpemss KOMIOCTHUPOBAHHS JIOMUHHPYIOIIUMHU
THnamMu ObUTM TIpW3HaHbl akTHHOOakTepuu: Bacteroidetes, Chloroflexi, Deinococcus-
Thermus, Firmicutes u Proteobacteria. KitoueBbiMu (akTopaMu OKPYKaroIei cpesibl
UL pocTa ATHX MHUKPOOPTaHM3MOB Obuth 3HaYeHue pH, coiep:kaHue LEIUTIONO03bI U
TeMHUIIECIUTIONO3bI, a30Ta, JUTHUHA, a TAKKe BIAXHOCTh U 30JbHOCTH [68]. B  1memsax
3alIUTHI OKPYKAIOLIEH Cpelbl ObLTH MCCIIE0BAHbI PA3IMYHBIE TIO COCTaBYy CyOCTpAaThl, U
OBLIO TOKA3aHO, YTO JJIs BhIpaniuBaHus rprboB Pleurotus mMoryr ObITH HCIIOIB30BAHBI
TaKKe ¥ TaKhe TOPOJICKUE OTXObI KaK KapTOH M KodeiiHas ryma [69].

ITpormecc co3maHusi CeIEKTUBHOTO cyOcTparta st BeipamuBanus A.bisporus
nonpaznensercss Ha  ¢a3pl, B XOA€  KOTOPbIX  OTMEYEHa  OINpe/eeHHas
MOCJICIOBATEIBHOCTh OAKTEPUAIIBHBIX M TPHOKOBBIX COOOIIECTB, OCYIIECTBISIOIIAX
THIIPOJINTUYECKOE BO3CHCTBUE Ha ChIpbe. BHauae mponcXoauT TepMOOMOIOTHYECKAs
0o0paboTka, KOTOpas IO CYLIeCTBY sBiseTcss OuMOKOHBepcueil cwipbs. Cpaszy mocie
mporiecca CMayMBaHHs CHIPOW CMECH BOAOH Me30(MIIbHBIE OpPTraHW3MBI H3 POJIOB
Solibacillus, Comamonas, Acinetobacter, Pseudomonas wu Sphingomonas 6sicTpo
MOTPEOIISIFOT JIETKOJAOCTYITHBIE UTATEFHBIE BEIIECTBA, TAKUE KaK CBOOOTHBIE caxapa U
amuHokucnoThl [58, 70]. B ato Bpems oOpasyercsi aMMHaK, KOTODPBIH CTHMYJIHPYET
pa3BUTHE MHKPOOPTaHU3MOB-KOHKYPEHTOB, Takux kak Trichoderma spp. [71]. Takum
o0pa3om, BakHasi POJIb MECTHOW MHUKPOOHOTHI BO BpeMsl CIICAYIONICH (a3a 3aKIrovacTcs
B TOM, YTOOBI CO3/1aTh YCJIOBUS IS €ro yaanenus u3 kommnocta [60]. B aToT ke mepuon
MIPOUCXOIUT PA3BUTHUE IIEUTIOJI030PA3PYIIAOIINX AKTHHOMHIIETOB U IPUOOB, TAKMX KaK
Thermopolyspora, Microbispora u Humicola, oOoramaromux  3pesblii  KOMIIOCT
NPOAYKTAMH  pa3siokeHus  1mewmnono3sl  [72].  TlpeoGmaganue  pa3HOOOpPa3HBIX
[EJUTIOJIONIMTHYECKUX ~ MHUKPOOPT@HU3MOB ~ OTKpPBHIBa€T  OOJNBIION  MOTEHIWAN IS
MOJITOTOBKH CyOCTpaTa K JaJbHEHIIIEMY BBIPAITUBAHHUIO IPUOOB.

XoTs TpHOBI COCYIIECTBOBAIM M B3aUMOJICHCTBOBAIM C OaKTEpUsSIMH C CaMbIX
pPaHHUX CTaguil CBOEH OHBOJIOIMHM, BCE €IIe€ HEAOCTaTOYHO CBEIEHUH 00 3THX
B3anMoieicTBUAX. C MOMOIIBIO COBPEMEHHBIX METOIOB HCCIIEIOBAaHHS YCTaHOBIIEHO,
YTO B €CTECTBCHHBIX YCIIOBHUSIX OTOOpaHHAs rpuOaMu MUKpOOMOTA pacrioyiaraeTcsi BIOJb



MUKPOBMO/IOITUA XOHE BUPYCOJIOTUA ISSN 2304-585X www. imv-journal.kz

MOBEPXHOCTU MUIIETHS M B HEMOCpEACTBeHHOW Onm3octu ot Hero [73]. Cpena BHYTpH
rpubOB U BOKPYT HUX, MHOI/Ia Ha3bIBaeMas MUKOC(EpOil, BIUSIET Kak cama Ha OaKTepuu,
TaK ¥ HaXOJUTCS TMOJ CHJIbHBIM BIUSHHUEM OaKTEpUATbHBIX COOOIIECTB JO TaKOH
CTENeHU, YTO MHOTHE MAaKpOorpuObl HECIOCOOHBI TMPOM3BOAUTH IIJIOJOBBIE Tela B
cTepuibHOM cpene [74].

B pa6ore Irshad Ul Haq ¢ coaBropamu [75] npuBemeHsl 10Ka3aTeIbCTBA TOTO, YTO
TU(Bl KaK MUKOPHU3HBIX, TaK M CAMPOTPOPHBIX TPUOOB B PE3yibTAaTe BBIACICHUS UMHU
YIIEPOACOACPKAIIUX COSAMHEHUN B MOYBE C OYEHb HU3KUM COJACpXKaHHEM yriepoia
CO3JIAIOT 9IKOJIOTUYECKHE BO3MOXKHOCTH  pOCTAa W MPOLBETAHUS TIeTEPOTPOPHBIX
Oaktepuii. Mmukocdepa mnpeacTaBiasieTr coOOl apeHy IepeHoca TEeHOB, B KOTOPOM
MHOKECTBO T€HOB, BKJIIOYAs JOKAJIHHO AJANTUBHBIC, TOCTOSSHHO OOMEHUBAIOTCS MEXIY
PE3UICHTHBIME MUKPOOHBIMU cooOiecTBamu [76]. TIpu 3TOM B KauecTBe yCKOpHUTENEH
HBOJIIOIUHM B MHUKOC(Epe pelaroniyr0 pojib MIpaloT IUIa3MHIIbI, BBICTYNAas B KauecTBE
TOPU30HTANBHOTO  TeHO(GOHAAa M,  CIEAOBaTElIbHO,  MPEAOCTaBisisl  (HaKTOPbI
KOMITETEHTHOCTH, KaK MECTHBIM OaKTepusM, Tak W Trpubam. HemaBHue mcciemoBaHus
MOKAa3bIBAIOT, YTO TMEPEHOC IeHOB OT OakTepuil K rpubam mojmaeTcs OOHAPYKEHUIO U
MMEET 3BOJIOIMOHHOE 3HAYCHUE. boubIol reHo(oH 1, TPUCYTCTBYIONUN B MUKOChEpE,
B COYETAaHUU C BEPOATHOCTHIO MEXKKIETOYHOTO KOHTaKTa MEXIy OOuTaTensIMu
MHUKOC(EpBl TO3BOJISAET YBEJIWYUTHh YaCTOTy PEKOMOHMHALMH, W TO3TOMY OpPTaHH3MBI
OTOMPAIOTCS TOKAIBHO /17151 TIOBBIIICHUS TPUCTIOCOOICHHOCTH.

Ha mnpumepe rpuba Rhizopus microspores, Bei3biBaromiero (GuTopTopo3 puca,
MOKAa3aHOo, YTO B OTCYTCTBHH SHAOCUMOHOHTA TPHO-XO35IMH JJaXKe TepsieT CIOCOOHOCTh K
BEreTaTHBHOMY Pa3MHOXEHHIO, U 00pa30BaHUE CIIOPAHTHEB U CIOP BOCCTAHABIMBACTCS
TOJIBKO TIPH TMOBTOPHOM BHEJIPEHHH SHAOOAKTEpHil. JTO MOKa3bIBa€T, YTO CUMOHOHT
POU3BOAUT (aKTOPBI, HEOOXOIUMBIE IS KU3HEHHOTO IHKIa rpuda [77]. MHTepecHoM
MOJIETIBIO ISl U3YUEHUSI TPEXKOMIIOHEHTHBIX MUKPOOHBIX CUMOMOHTOB M MX 3BOJIIOIMU
ABNSIETCS ~ TpUOHO-O0AKTEpPHATBHO-BUPYCHAsi ~ CHUCTEMa,  IIOKa3aBIIash  BIIHMSHHUE
HApPHOBHPYCOB Ha Ouosoruto rpubos [78].

[Tonw3a s TpuOOB OT POPMUPOBAHUS MYTYATUCTUYECKUX B3aHMMOOTHOIICHUHN C
OaKTepUsIMHU 3aKJTFOYAETCS B UX YIYUIIEHHOM MUTAHUU 32 CYET COBMECTHOTO Pa3NIOKEHUs
CIIOKHBIX TIOJINYTJIEBO/IOB, B MOTPEOJICHUN MMM JIETYYHX OPraHHYECKUX COCAMHEHUH,
CUHTE3UPYEMBIX MHUKPOOPTaHM3MaMH, a TakKKe B CEKpPEelMH MHKPOOpPTaHHu3MaMu
AHTHOWOTHKOB,  TOJABJISAIONINX  POCT KOHKYPUPYIOIIUX ~ MHUKPOMHIIETOB U
o0ecreunBaIIUX 3alIUTy OT Mapa3uToB. B ciydae SKTOMUKOPHU3HBIX TpuOOB (Tprodenu
WU CMOpPYKH) OakTepuu CIOCOOCTBYIOT HMX acCOIHUAlUIM C pacTUTEIbHBIMU
cumbuonTtamu [71, 79-84]. Kpome Toro, rpubbl CiocOOHBI Takke MOTPEOIsITh OnoMaccy
OakTepwii, acCUMWIHPYsl OaKTepHaJbHBIN YTJIepo] M a30T B KauyecTBE HCTOYHHKA
nuTaTeabHbIX BemecTB [58, 82]. Co cBoeli CTOPOHBI OaKTEpHH YCIENIHO UCIOJIB3YIOT B
cBOeM MeTabosm3Me TprHOKOBBIe dKccyaaThl [85], a Takke MOTYT BBI3BIBATH IIHPOKUMN
CTEeKTp 3a00JieBaHMIA, a 3HAYUT U 3HAUUTEIbHBIC TOTEPH ypoxkas [86, 87].

CylIecTBYIOT JaHHBIE O TOM, YTO HAJIWYHE IOJIE3HBIX MHKPOOPTaHH3MOB B
cyOcTparax Juis BhIpalllUBaHUs TPUOOB CTUMYIUPYET UX POCT U 00pa30BaHUE IJIOIOBBIX
ten [88, 89], yayumas kadectBo u omHOpomHOcTh mpoaykimu [90]. B HexoTopsix
CIIy4asix 3TO CBSI3aHO C CHHTE30M U CEKpelueld OMONOTHYECKH aKTUBHBIX METabOIHMTOB,
TakuX Kak (UTOrOpMOHBI (AyKCHH, IMTOKMHUH U 3THIIEH), a TAK)KE€ MHI0J0BON KHCIOTHI
[91, 92]. Kertesz u Thai [58] wuccnenoBamu psin mTamMMoB OakTepuid U TPHOOB,
CIIOCOOCTBYIOIIMX POCTY KYJIBTUBUPYEMBIX BHI0B Agaricus u Pleurotus u Bkiogaromuit
Ooaktepun u3 poxoB Bacillus, Pseudomonas wu Bradyrhizobium. B mnpomecce
BEIpAIIMBaHUsI TPHOOB OHU BO3JCHCTBOBAJIM Ha MOYBY, CyOCTpar, O0OOJIOUKY WIIH
MUIEH Tprba, MOBBIIIAS YpOKald, U COKpallas BpeMs BhIpalliBaHus. B3aumonencTBus
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«MUKPOOPTaHU3MbI — TpHOBI», ONHCAaHHBIE HAa CETONHSIIHUN JeHb, BKIIOYAIOT
CTUMYJISIIUI0  POCTa MHKOPH3HBIX T'pUOOB C OJIHOBPEMEHHBIM YCTaHOBJICHHUEM
CUMOMOTHYECKUX B3anMMOJICHCTBUI [79], cokpaleHue BpEMEHHU KOMIIOCTUPOBAHUS W
yaydieHue kadectBa cyocrtpara [60], cuneprernueckuii 3QpGeKT CTUMYISAIMHA Pa3BUTHS
MUIICIUS 3@ CYET BBICBOOOXKICHHMS NUTATElIbHBIX BemecTB [82, 93], a Tarke
TUTOZIOHONICHHUSI TPUOOB, TO €CTh MepeKItoYeHne ¢ (HOPMUPOBAHKS BET€TATUBHON TKaHU
Ha pernpoaykTuBHyto [94, 95].

CBenieHnli 0 OaKTEpHSIX, CIIOCOOCTBYIOIIUX POCTY TPHOOB, OTHOCUTEIILHO HEMHOTO.
Coo0mranoch, uTo aBa mTamMa Pseudomonas putida, BeiieneHHbIE 13 TOKPOBHBIX CIIOCB
A. bisporus, MOXHO TpPUMEHSATh TMPH BBbIPANIMBAHUK TPUOOB JUIS  yBEIHYCHUS
ypoxaiiHoctu [96, 97]. Hekotopeie ¢uyopecieHTHble ImTtammbel - Pseudomonas,
oOWTaIKe HAa TOBEPXHOCTH murenuss  Pleurotus ostreatus, cmocoOCTBYIOT
00pa30BaHUIO TPUMOPIUS M YCKOpSIOT paszButue Oazuauoma. [lpu wuccrienoBaHuM
pasHoOOpa3usi, CTUMYJIHPYIOMIEH CIIOCOOHOCTH W aHTarOHUCTHYECKOW aKTUBHOCTH
OakTepuabHBIX M30JSITOB U3 TUIOAOBBIX Ten A. DISPOrus ObuUIO BBISBICHO: 36 H30JIATOB,
NPOAYLHMPYIOUIMX  WHAOIMIYKCYCHYIO  KHUCJIOTY (KaK  HW3BECTHO,  SIBJSIFOIIYIOCS
CTHUMYJISITOPOM POCTA BBICIINX pacTeHui); 19 u305TOB, comroonmmsupyonmx Gocdarsr,
H 29 u30I4TOB, O00JAJAIOIIMX LEUIIONIa3HOM aKTUBHOCTHIO. Okono 40 wu30714TOB
MPOSIBUIIM AQHTarOHUCTUYECKYI0 AKTHBHOCTh B OTHOLICHHM OJHOTO WM HECKOJIBKHX
naroreHoB [11]. B sToM uccinenoBaHuM KyJIbTHBHUpPYEMble OAKTEPUH, BBIACICHHBIC U3
wiogoBoro Teaa A. DISpPOrus, ObuUIM TPEJCTaBICHBI CEMBIO OaKTEpUATBHBIXU
cemeiictBamu. [19ThIO M3 MIECTHAIIIATH CCKBCHUPOBAHHBIX mITaMMOB Obutu Bacillus spp.,
MOKA3aBIIMMHU BBICOKYI0 aHTHMHUKPOOHYIO AaKTHBHOCTh B OTHOIICHWH MATOT€HHBIX
OakTepuii, B 4yacTHOCTH, B. cereus-momoOHbIi m3osaT DY 17, MHruOupoBaBIIMi Bce
TECTHpPYEMbIe HWHAMKATOPHBIC TIAaTOTEHBI, YTO JIENaeT €ro NEepCHeKTHBHBIM IS
JTAbHEHITUX UCCIICTOBAaHUH. AHTUMUKPOOHYIO AKTUBHOCTBH TPOSIBIIIM TAKXKE INTAMMBbI
Streptomyces. B  cenbCKOXO3SMCTBEHHBIX TIOYBaX IOBCEMECTHO PaCIPOCTPAaHEHBI
Pseudomonas spp., HEKOTOpbIe BHIBI KOTOPBIX CHOCOOCTBYIOT pocty P. ostreatus u A.
bisporus [97]. ®nyopectupyronme Pseudomonas spp. cocrasisuin 14—41% ot o6miero
KoJIM4YecTBa OaKTepHil, NPUCYTCTBYIOUIMX B TIOKPOBHOM CIIO€, HX HOIMYJISAIHS
yBEIMUYUBAJIACh BO BpeMsl KyJbTHBHpOBaHWs A. DISPOrusS, dYTO IOJIOKHUTEIBHO
CKa3bIBaJIOCh Ha yporkaiiHoCTH Tpuda [96, 98].

B wuccrnemoBanmsx Yan Jun Ma u gp. [99] B OakrepuanbHOM COOOIIECTBE
mwiogoBoro tena rpuda Shiraia sp. S9 taxxke mpeobmagamu Bacillus u Pseudomonas.
Hexotopeie wm3omster Pseudomonas, takue kak P. fulva, P. putida u P. parafulva,
CTHUMYJIUPOBAIIA HaKoIUIeHWEe B TIpubax THaTypoHOBOH KuUCIOTBL. (OOpaboTka
oakrepusimu P. fulva SB1 npumepno B 3,25 pa3a akTHBHpOBaJia 3KCIIpeccHio hepMeHTa 1
T€HOB-TIEPEHOCUMKOB, HEOOXOMUMBIX sl ee OmocuHTe3a M 3kccynamuu. C apyroi
CTOpPOHBI, B. CE€reus mposiBUI CIIOCOOHOCTh yYMEHbBIIATh €€ TOKCHMYHOCTH JJi T'pUOOB.
Crumynupyromias akTUBHOCTh InTamMMoB U3 pojoB Bacillus u Pseudomonas na poct
BBICIIIMX TPUOOB OTMEUEHA TaKKe U Apyrumu aBropamu [88, 96, 97, 99, 101]. Beissieno,
gyro Buasl Bacillus spp., B wactHoctn P. polymyxa, y4acTBYIOT B TOBBIIICHHU
CEJIEKTUBHOCTH CyOCTpaTOB /ISl KYJIBTHBHPOBAaHUS KaK ITyTeM HHTHOMPOBAaHUS pOCTa
tpuxoaepmsl (Trichoderma harzianum), Tak u BeieacTue 3amuThl rpuda P. ostreatus 3a
cueT MHIYKIUM Jakka3. Takum oOpazom, ynpaBieHHE MUKPOOHBIMH COOOIIECTBAMH BO
BpeMsi KynbTHBHpOBaHHs P.ostreatus, HamprMep moAroToBka cyocTpara [uis MOIAEePKKU
pocra P.polymyxa u apyrux Bacillus spp., mMoxer ObITh CIOCOOOM ONTHMH3AINN
NPOM3BOACTBA M HWHOTO HCTONb30BaHusi rpuOoB [102]. MHTepecHO OTMETUTH, YTO
MaKCHMAJIbHYIO0 aHTaroHHCTHYECKYIO0 aKTHBHOCTH TpotuB T. harzianum MTCC 3178, a
TaKKe JPYTMX MaTOreHoB, TpojeMoHcTpupoBanu Bacillus Spp., BbineneHHble U3
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COJIOHYAKOBBIX MOYB ['0a. DTO MO3BOJIMIO PEKOMEHIOBATh UX B Ka4eCTBE HATYPaJbHOTO
byHruyma, — aabTEPHATMBHOTO CHHTETHYECKUM (YHTHIIMAAM, HCIOJIB3YEMBbIM IPH
BhIpanuBanuu rpudos [103].

Takum o0Opa3om, HOBOE HAalpaBJICHHUEC KCCIICAOBAaHWN, OCHOBAaHHOC Ha
UCIIOJIb30BAHUM  MHUKPOOPTaHU3MOB, CIIOCOOCTBYIOIIMX POCTY TPHOOB, JIOMOJHSIS
€CTECTBEHHYI0 MHKPOOHOTY, MOKPBIBAIONIYI0 JC(PUIUT THMTATEIbHBIX BEIIECTB U
OCYHICCTBIISIOIINX 3AIIUTHYIO (YHKIMIO, PacCMaTpPHBAIOTCS B Ka4yeCTBE IOJIE3HOTO
PYKOBOJICTBA Il OICHKH MOTPEOHOCTEH BBICIIMX T'PHOOB U Ui pa3paOOTKH HOBBIX
bopmyi Uit KomMepueckux 1ob6aBok [91].

3akiroyenue

B 3akitoueHue cieayer OTMETHTh, YTO MOJIb3a OT BBIPALIMBAHUS BBICIINX I'PUOOB
HE HCUEpPIBIBAETCS JIMIIb MUIIEBOM M OMOJIOTMYECKOM IIEHHOCTBIO MX IUIOIOBBIX Tell.
[Iponu3anHplii MunenueM cyOCTpaT, OCTaBUIMICA TOCIHE€ WX KYJIbTUBUPOBAHHMA,
npeacTaBisier co0oil GMoMaccy, MPEeBBILIAIONIYI0 MPOU3BEIECHHYIO NPOAYKIUIO I'puOOB
o BeCy He MeHee, 4yeM B 5 pa3 [52], oOorarieHHyto OelKamMH, B COCTaBE KOTOPBIX
peo0iaaloT He3aMEHUMble aMUHOKHUCIIOTHI - JIGHIIMH, TPEOHUH U JIU3HH, YTO I103BOJIET
UCIIOJIb30BAaTh €r0 B KauecTBe KOpMOBOil jobOaBku [56, 104-108]. [ns Kazaxcrana on
MOJKET HPEACTaBIATh 0COOYIO LIEHHOCTb, MOCKOJBKY B KMBOTHOBOJCTBE PECIyOJIUKU
omrymaercs JepuIuT KopMmoBoro Oenka mpu Bcero jwmmb 20% o0ecreuyeHHOCTH
kombukopmamu [109]. B Hacrosmee Bpems ot 80% mo 85% Bcex MNHUINEBBIX H
JICKApCTBEHHBIX T'PUOHBIX MPOJYKTOB MOJYYalOT M3 IUIOJOBBIX TeN U TOJNBKO 15% wux
OCHOBAHbI Ha JKCTpakTax Muuenus. Mexay TeMm, NpUMEHEHHE SKCTpaKkTa MULEIUs B
KayecTBE MHIIEBOIO OWOMHTPEIMEHTAa MOXKET IPEICTaBIATh COO0H HMHHOBALMOHHYIO
CTpaTEruio MpeJOTBPAILCHHs U/UIM YMEHBIIEHUS HEraTUBHBIX MOCIEICTBUI MUKPOOHOM
MOpYM THIIEBBIX TMPOAYKTOB W HMMETh OONBIIOEC 3HAYEHUE [UIS NHINEBOH U
(bapmarieBTryeckoil mpompinuieHHocTH [110].

CyOcTpat MOXeT OBITh UCIIONB30BaH TAaKKE€ B KaueCTBE TBEPIOTO YAOOpPEHHS B
pactenueBojctBe [111]. OtpabGoTaHHBI TPUOHOH KOMIOCT - 3TO OTXOMBI, KOTOPHIC
MOKHO PELHPKYJIMPOBATh B KauecTBE CyOCTpaTa sl MOAJEPKKA HOBOTO KOMMEPUYECKH
KHU3HECTIOCOOHOTO IMKJIA CENbCKOXO3SHCTBEHHBIX KYyJIbTYP TP BHECEHUH B HETO
HeoOxoauMbix gobaBok [91, 112]. Kpome TOro, BO3MOXHO €ro MpUMEHEHHE H IS
MIPOM3BOJICTBA YIIAKOBOYHBIX M CTPOUTENBHBIX MaTEpUaANoOB, OMOTOIIMBA U (PEPMEHTOB
[113]. Hanuuwme y HEKOTOPBIX 0a3MIMOMHIIETOB IIMPOKOTO CIEKTPa MPOTUBOMUKPOOHOM
aKTUBHOCTH B OTHOLIEHHWH YCJIOBHO-NATOT€HHBIX M MAaTOT€HHBIX MHUKPOOPTaHHU3MOB,
SBIISIOIIMXCSL  OMACHbBIMH  KOHTAaMHUHAHTAMH  IUIIEBBIX  IPOJIYKTOB,  I1O3BOJIWIO
MPE/UIOKUTh HCIONB30BaTh WX B KA4eCTBE OCHOBBI ISl TIOJMMEPHOTO ITOKPBITHSA,
o0J1ajaro1ero NPOTHBOMUKPOOHBIMU CBOMCTBAMH  JJIS 3AIIUTHI MUIIEBBIX IPOJAYKTOB OT
nopun. Breicokas THIpONIMTHYECKas AaKTHBHOCTh T'PUOOB TIO3BOJISIET, KPOME TOTO,
NPUMEHATh UX A OMOPA3JIOKEHHUs] OPraHWYECKHUX 3arps3HUTENed, KCEHOOMOTHUKOB U
MPOMBINUICHHBIX 3arpsi3auTeneii [114].

buotexHonornyeckuii MOTEHIMAI MPOU3BOACTBA BBICIIMX TPHOOB MUMEET OOJIbINE
nepcnekTuBbl. [Iporpecca B STOM HampaBieHHH CIEAYET OXKHUAATh OT pPa3pabOTKh
CIOCOOOB yIpaBieHus OMOCHHTE3a TPHOAMH BTOPUYHBIX META0OJIUTOB, MPOSBISIONINX
HanOoJlee BBHICOKYIO OMOJOTMYECKYI0 aKTHBHOCTH. [IpM MCKYCCTBEHHOM BBIPALIMBAHUH,
OTJIMYAIOIIMMCS  OT CYIIECTBOBaHMS B TPHPOJHBIX YCIOBHSX, B OTCYTCTBHE
€CTeCTBEHHOH KOHKYPEHIIMM MEXIy IIyJIOM OOHapy)XKCHHBIX METa0OJIHTOB W
BO3MOKHOCTSIMM T€HOMa OTMEYaeTcsl OOJBIION pPa3phiB, OOBACHAIOUIMICS HAINYHEM
«momyamux» reHoB [115-116]. Bxiag MHUKpOOHOMOB — pAcTEHH M JKUBOTHBIX B
«paclIMpeHHbI (PEHOTUIT» CBOMX XO351€B, XOPOIIO M3Y4eH, TOTJa KaK HCCIIEIOBaHUS
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MHUKPOOHOMOB T'pHOOB TOJIBKO HayaTbl. YK€ TMOKa3aHO, YTO KOJMYECTBO OMOAKTHBHBIX
METa0OJUTOB TPUOOB, TIOJIYYCHHBIX U3 KYJIBTUBUPYEMOTO TpHOa, BBIPAIICHHOTO
MCKYCCTBEHHBIM METOJIOM, HAMHOTO MEHbILE, YeM KOJMYECTBO, MOJTYYCHHOE U3 JUKHX
wionoBeix Ten [117]. Jukue TpuOBI CUUTAIOTCA TakKe Oojiee MEPCIEKTUBHBIM
UCTOYHUKOM [-TJIIOKaHa, MCMHOJb3yeMOr0 B MHIIEBOW INPOMBIIUIEHHOCTH M B
MemuIMHCKUX — 1easx  [118]. Drto  cBumeTenbcTBYeT B MMOJB3Y  COBMECTHOTO
KyJIbTUBUPOBaHUS TPUOOB C JIPYT'MMH OpraHW3MaMH, B YacCTHOCTH, C OaKTepUsIMH,
KOTOPOE IMO3BOJIUT HE TOJBKO PACKPHITH MEXaHWU3MbI MEKBUIOBBIX B3aMMOOTHOIICHHIA,
HO TAaKKe JacT BO3MOXKHOCTh YIPABIIEMOr0 OHOCHMHTE3a MCKOMBIX BTOPUYHBIX
MeTaboauTOB U pepMeHTOB Makporpubos [116, 119-121].

Crparerusi COKyJbTHBHPOBAHUS, WMHUTHPYIOUIas CHUMOHMOTHYECKHE OTHOIICHUS
OpPraHU3MOB B HX €CTECTBEHHOW cpene OOWTaHWs, SBISICTCS BecbMa A(PPEKTUBHBIM
MOJIXOZI0M K BBISBICHHIO M MCIOJB30BAHUIO MOIIHOTO Pecypca MOITY4YEeHHUS BTOPUYHBIX
IPUOHBIX ~ METa0OMUTOB  (HM3KOMOJCKYJISPHBIX, IOJUCAXAPHIOB, MOJHIICITHIOR),
NPOSIBISIIOIINX ~ aHTUMUKPOOHYIO,  TPOTHBOOIYXOJEBYIO M AHTHOKCHIAHTHYIO
AKTUBHOCTb, CTOJIb HEOOXOAMMYIO B HACTOSIIECE BPEMSI.

PduHaHCHpPOBaHHE
Pabora Brimonnena npu noaaepxkke KH MOH PK (rpant Ne AP09258654).
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KOT'APBI CATBIJIATBI CAHBIPAYKYJIAKTAPABI OCIPY AIH
MUKPOBUOJOTUAJBIK ACIIEKTIJIEPI

Tyiiin

XKep mapsiHaarbl XanblK CaHbIHBIH ©CYi, TAOUFU pecypcTapiblH CapKbUIYbl JKOHE OCBIFaH
0aifIaHBICTBI A3BIK-TYNIKTIH JKETICIeyl KOpIIaraH OPTaHbl KOpFay jKoHe 0allama TaMak Ke3JlepiH
aly MakcaTbIH/Ia OHIIPIICTIH OCIMIIK KaJABIKTApPbIH KalTa OHJCY KaXETTLIIr Typajibl Macele
TyFpI3aJibl. JKOFaphl caTbliaFbl CaHBIpAyKYJIaKTapasl OHAIPY YUIIH KypaMmblHAa IIeJUTono3a Oap
OCIMJIIK KaJIBIKTapbIH TMaifaliaHy OCHl MoCeNeNep/iH OHTAMIBl MIemiMi OOJNBII TaObLIabL.
Xorapel caTelgarel CaHBIPAYKYJIAKTApAbIH JKOFApbl TaraMJBIK OHE JOpPITIK KYHABUIBIFBI
KONTEreH 3epTTeyJIEPMEH JANENIeHIi. AJaliia, )KOFaphl CaThIaFbl CaHBIPAyKYIAKTapIbl Ocipy
mpolecTepi OChl CallaHblH ©CYiH TEXEHTIH CcyOCTpaTTBIH CEJEeKTHBTLNIr mpolieMachiHa Tar
Oomanpl. Kaszipri yakpITTa KOFapbl caTblIafbl CaHBIPAyKYJIaKTap MEH MHKPOOPTraHU3MAEPIiH
e3apa OpeKeTTecyl Typallbl MOJIMETTep JKWHAKTalanwpl, Oyl  IKOFaphI CaTBIIaFbI
CaHBIpayKYJIaKTapAblH 1C JKY3IHAE KYHABI METa0OJUTTEpiHIH OacKapbUIaThIH ©cipy JKoHE
OarpITTa]FaH OMOCHHTE31HE MYMKIiHAIK Oepeni. Makana MHUKPOOPraHM3MICPAIH KOFapbl
caThIJarbl CAHBIPAYKYJIAKTAP/Ibl ©CIPY MPOLIECIHE 9CEPIHIH SPTYPJIl ACHEKTIIepiHEe apHAJIFaH.

KinTri ce3mep: sxorapbl  caThllaFbl CaHBIPAYKYJIAKTap, OCIMJIK INapyambUIBIFBIHBIH
LEJUTIONI03ackl 0ap KalbIKTaphbl, KOMIIOCTTAY, ©CY/l BIHTAJIaHIBIPY, MYTYaJIHCTiK KaTbIHacTap,
MUKochepa.
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MICROBIOLOGICAL ASPECTS OF GROWING MUSHROOMS
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Summary

The growing population of the world, the depletion of natural resources and the associated
food shortage raise the question of recycling the plant waste produced to protect the environment
and obtain alternative food sources. The use of cellulose-containing crop residues for the
production of mushrooms is the optimal solution to these problems. The high nutritional and
medicinal value of mushrooms has been proven by numerous studies. However, the processes of
cultivation of higher fungi are faced with the problem of substrate selectivity, which inhibits the
growth of this industry. To date, data are accumulating on the interaction of higher fungi and
microorganisms, which opens up possibilities for controlled cultivation and directed biosynthesis
of practically valuable metabolites of higher fungi. The article is devoted to various aspects of the
influence of microorganisms on the process of growing mushrooms.

Key words: higher fungi, cellulose-containing crop waste, composting, growth stimulation,
mutualistic relationships, mycosphere.

The world's population is growing steadily. So, if at the beginning of the twentieth
century there were 1.6 billion people in the world, then it ended with 6.0 billion.
According to the 2015 UN World Population Prospects report, the number of people in
the world in mid-2015 was 7.3 billion, and it is projected that by 2030 it will reach 8.5
billion, by 2050 - 9.7 billion, and by 2100 - 11.2 billion, with most of the growth coming
from less developed countries. An increase in the population of about 80 million each
year raises well-founded concerns about the possibility of providing it with the necessary
amount of food and an adequate level of medical care, as well as about the associated
increased pressure on global ecosystems. Already, food shortages, deteriorating health
and environmental quality are serious problems that negatively affect human well-being.

Despite the constant development of new technologies and innovations, the solution
to the issue is limited by the restricted opportunity to intensify agriculture and livestock,
as stated in the ZERI (Zero Emission Research Initiative) report by Habluzel: “We cannot
expect the Earth to produce more - we must do more with what the Earth is already
producing. " The rapid depletion of traditional resources is forcing people to seek
alternative sources of food, fertilizer and fuel. In this regard, there is an acute need for
deeper processing of various types of waste, their involvement in industrial circulation as
secondary raw materials.

The most common waste of practical human activities that pollute the environment
are various crop residues and other cellulose-containing by-products of agricultural and
industrial human activities, the world production of which is about 200 billion tons per
year [1, 2], the processing and disposal of which is difficult due to for their complex
chemical composition. The widespread method of getting rid of them by burning
(especially in the countries of South and Southeast Asia and Africa) is currently subject to
a strict ban due to the aggravation of the greenhouse effect, high levels of air pollution
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that adversely affect public health, the death of beneficial microflora in the soil, and other
objective reasons.

One of the most acceptable and even optimal solutions in this regard in the 21st
century is the production of higher mushrooms, which play an important role in many
aspects of human well-being, as proven by their centuries-old use. Fungi have two types
of extracellular enzymatic systems; a hydrolytic system that produces hydrolases
responsible for the degradation of polysaccharides; and a unique oxidative and
extracellular ligninolytic system that degrades lignin and opens phenyl rings [3]. Without
negative legal, ethical and other consequences, this form of bioconversion has not only
beneficial socio-economic benefits in obtaining food, but also increases the employment
opportunities of the population and has a positive impact on the environment.

Nutritional and biological value of mushrooms

Edible mushrooms are widely consumed in many countries and are valuable
components of the diet due to their attractive taste, aroma and nutritional value, which
makes them a gourmet food. On the other hand, due to the low cost of production and
accessibility for the general population, they are called “meat for the poor” [4]. The
moisture content of the fruit bodies of fresh macrofungi is about 90%. In terms of dry
matter, they contain 50 to 65% carbohydrates, 19 to 35% proteins, and a relatively low
amount of fat from 2 to 6% [5, 6]. Due to the high content of unsaturated fatty acids
(palmitic, oleic and linoleic), biologically active proteins (enzymes, lectins,
ergothioneine, etc.), phenolic compounds (phenolic acids and polyphenols), vitamins
(thiamine, riboflavin, ascorbic acid, niacin and tocopherols) and other biologically active
substances, mushrooms can be considered as an important source of low-calorie
functional food and nutraceuticals [7]. The great food benefit of mushrooms is that they
contain high levels of dietary fiber [8] and antioxidants. The high content of antioxidant
compounds, easily extracted with a non-toxic solvent, allows the use of Agaricus
brasiliensis extract in the food industry as a natural antioxidant [9].

It is the desire for a balanced diet that has led humanity to an increase in the
consumption of mushroom products all over the world [10]. In China, it accounts for
more than 80% of world production; worldwide, mushroom production is also steadily
increasing (according to FAO), this is especially true for developing countries.

One of the most widely cultivated mushrooms in Western countries is Agaricus
bisporus, commonly known as white champignon, which occupies ecological niches rich
in lignocellulose. A. bisporus has been an important component of the human diet for
over 200 years. It accounts for most of the total mushrooms consumed in most western
countries. The second most common in the world is Pleurotus spp - the so-called oyster
mushroom. In China and a number of other Southeast countries, preference is given to
Lentinus edodes (shiitake), and also Flammulina velutipes (winter macro mushrooms),
Auricularia auricula (woody macro mushrooms) and Volvariella volvacea (straw
mushroom) are grown [11-14]. Medicinal macro mushrooms have also become
widespread, including Ganoderma lucidum, Cordyceps sinensis [15], Phellinus linteus,
Antrodia cinnaomea, and Xylaria nigripes [12, 16].

As the long-term experience of traditional medicine in the southeastern countries -
China, Japan, Korea, etc., has shown, the fruit bodies of many macromycetes are
characterized by a number of advantages not only of gustatory and nutritional, but also
therapeutic nature. In China alone, over 270 species of mushrooms of medical importance
have been recorded, with more than 100 macromycetes commonly used in traditional
medicine.
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The use of mushrooms is completely in line with the old Chinese saying: "Medicine
and food have a common origin." This statement is especially applicable to mushrooms,
the nutritional and medicinal properties and tonic effects, which have long been
recognized as nutraceuticals or dietary supplements [17].

Phenolic compounds, terpenes, steroids and polysaccharides contained in
mushrooms have different biological activities. They have anti-inflammatory [18],
immunostimulating [19-23], antiviral [24, 25], hepatoprotective, antiallergenic, antibiotic
[26, 27], antioxidant [28, 29], hypocholesterolemic and antiatherogenic properties and are
used to treat cardiovascular diseases, hypertension, atherosclerosis, diabetes [30], the
consequences of heart attacks and strokes, Parkinson's disease, Alzheimer's [31, 32], and
also, due to antitumor properties, to reduce the likelihood of cancer invasion and
metastasis [33-38]. These properties have been confirmed both in vitro and in vivo [21,
39-42].

It is very important for modern medicine that macrofungi are an inexhaustible
source of polysaccharides (especially P-glucans) and polysaccharide-protein complexes
that simultaneously possess antiviral, anticancer and immunostimulating properties [43-
47], which makes it possible to develop drugs with complex action. The health benefits of
mushroom dietary fiber include strengthening the immune system, in relation to anti-
cancer functions, and controlling blood lipids and glucose [8].

Damaging or weakening the patient's natural immunological responses, especially
with chemotherapy and radiotherapy, is a major problem in the treatment of cancer.
Mushrooms help to improve the quality of life of patients due to the fact that they activate
the body's natural immune responses and can be used as supportive therapy and for the
prevention of cancer [48]. The role of such agents from basidiomycetes is increasing in
the prevention and treatment of viral infections, as well as, possibly, in the prevention of
tumor processes that can be "triggered™ in the human body when exposed to viruses.

Although the active effect of mushroom preparations is inferior to that of
chemically synthesized ones, they have a lower cost than their counterparts. In addition,
biologically active substances of fungi do not have a toxic effect, which is noted during
the course of chemotherapy [49].

In recent decades, preparations from the fruiting bodies of mushrooms have
successfully conquered the pharmaceutical markets of Europe, the USA and, especially,
Japan, where they account for up to a third of all used immunocorrectors and oncostatics.
Novosibirsk specialists from the State Research Center of Virology and Biotechnology
"Vector" have identified the most promising strains of fungi that are active against HIV-1,
herpes simplex viruses, West Nile, influenza of various subtypes and orthopoxviruses
(smallpox, etc.), and some of them turned out to be simultaneously active against three or
more pathogens. The well-known birch mushroom, or chaga (fruit bodies of the mown
tinder fungus), became the absolute record holder: its extract suppressed absolutely all the
viruses studied. Some other species of tinder fungus, as well as common stinkhorn, lung
oyster, and oyster mushroom have shown high antiviral activity [50].

Mushroom cultivation

The advantage of fungi lies in their ability to produce a group of complex
extracellular hydrolytic enzymes, such as laccase and universal peroxidases, which ensure
the availability of lignocellulose for further use as a source of carbon nutrition [51, 52].
Mushrooms can be grown using traditional farming methods or using highly industrial
technologies in urban and suburban settings [53-55]. The productivity of mushrooms
with industrial methods of their production reaches 120-150 kg per 1 m? of usable area,
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which corresponds to the production of 4.8-6.2 tons of dry protein per hectare per year
[56].

In recent years, a selective substrate has been recognized as optimal, which differs
from the widespread early sterile substrate by the absence of the need for large energy
costs, freeing it from mold fungi and other microorganisms that compete with mushrooms
for food sources. The most widespread and economically viable method of obtaining a
selective substrate for cultivating macrofungi is the method of solid-phase microbial
fermentation, in other words, composting, which makes it possible to dispose of various
wastes. Thus, the commercial production of mushrooms is based on a series of stages of
solid fermentation under controlled conditions, in which the fungi, together with bacteria,
process raw materials, minimize the development of fungal competitors, and stimulate the
fruiting process [57-61].

For growing mushrooms, various lignocellulosic wastes of the agro-industrial
complex can be used - wheat and rice straw, other crop residues, bran, rice husks, corn
cobs, forestry by-products, as well as waste from olive plants, coffee production,
vegetative part of Jerusalem artichoke, cotton stalks, peanut tops, soybean straw, stems,
leaves of pigeon peas, etc. [62-66], resulting in the formation of highly nutritious
ecologically clean biomass.

The most common raw material for mushroom production in Southeast Asia is rice
straw. According to Lin Wang et al. [67], when composting, the temperature of the
converted mass rises much faster than when composting wheat straw, and the ratio of
carbon to nitrogen decreases faster. The diversity of the bacterial community of rice straw
compost was large compared to wheat straw compost in the early stages of composting,
and then the difference was smoothed out. Accordingly, composting rice straw leads to
improved decomposition and assimilation of decay products by the A. bisporus fungus,
which indicates its greater efficiency. Modern research methods have found that the
diversity of bacteria involved in the preparation of the substrate is significantly greater
than reported in studies based on methods dependent on cultivation. Their livelihoods to a
large extent depend on the composting conditions. Thus, the Bacillales order shows a
relatively higher content of taxonomic units at a higher pasteurization temperature, which
was also associated with measurements of high ammonia emissions, which slows down
the growth of A. bisporus mycelium [60]. Millet straw is also an effective resource for
growing mushrooms, which is not inferior in yield to wheat straw (up to 20 kg/m?). Based
on the 16S rRNA gene sequencing during composting, actinobacteria, Bacteroidetes,
Chloroflexi, Deinococcus-Thermus, Firmicutes, and Proteobacteria were recognized as
dominant types. The key environmental factors for the growth of these microorganisms
were the pH value, the content of cellulose and hemicellulose, nitrogen, lignin, as well as
moisture and ash content [68]. In order to protect the environment, substrates of various
compositions have been investigated, and it has been shown that urban waste such as
cardboard and coffee grounds can also be used to grow Pleurotus mushrooms [69].

The process of creating a selective substrate for the cultivation of A. bisporus is
subdivided into phases, during which a definite sequence of bacterial and fungal
communities, which hydrolytically affect the raw material, is marked. First, there is a
thermobiological treatment, which is essentially a bioconversion of the raw material.
Immediately after the process of wetting the crude mixture with water, mesophilic
organisms from the genera Solibacillus, Comamonas, Acinetobacter, Pseudomonas, and
Sphingomonas rapidly consume readily available nutrients such as free sugars and amino
acids [58, 70]. During this time, ammonia is formed, which stimulates the development of
competing microorganisms such as Trichoderma spp. [71]. Thus, an important role for the
local microbiota during the next phase is to create conditions for its removal from the

23



Ne 3 (34) 2021

compost [60]. During the same period, the development of cellulose-degrading
actinomycetes and fungi, such as Thermopolyspora, Microbispora, and Humicola,
enriches the mature compost with cellulose decomposition products [72]. The
predominance of a variety of cellulolytic microorganisms opens up great potential for
preparing the substrate for further mushroom cultivation.

Although fungi have coexisted and interacted with bacteria from the earliest stages
of their evolution, there is still insufficient information about these interactions. With the
help of modern research methods, it has been established that under natural conditions,
the microbiota selected by fungi is located along the surface of the mycelium and in the
immediate vicinity of it [73]. The environment inside and around fungi, sometimes called
the mycosphere, affects both bacteria itself and is strongly influenced by bacterial
communities to such an extent that many macrofungi are unable to produce fruiting
bodies in a sterile environment [74].

Irshad Ul Haq et al. [75] provide evidence that the hyphae of both mycorrhizal and
saprotrophic fungi, as a result of their release of carbon-containing compounds in soil
with a very low carbon content, create ecological opportunities for the growth and
prosperity of heterotrophic bacteria. The micosphere is a gene transfer arena in which
many genes, including locally adaptive ones, are constantly exchanged between resident
microbial communities [76]. At the same time, plasmids play a decisive role as
accelerators of evolution in the mycosphere, acting as a horizontal gene pool and,
therefore, providing competence factors for both local bacteria and fungi. Recent research
shows that gene transfer from bacteria to fungi is detectable and has evolutionary
implications. The large gene pool present in the mycosphere, combined with the
likelihood of intercellular contact between the inhabitants of the mycosphere, allows an
increase in the frequency of recombination, and therefore organisms are selected locally
to improve fitness.

Using the example of the fungus Rhizopus microspores, which causes late blight in
rice, it has been shown that in the absence of endosymbiont, the host fungus even loses its
ability to vegetatively reproduce, and the formation of sporangia and spores is restored
only upon repeated introduction of endobacteria. This shows that the symbiont produces
the factors necessary for the life cycle of the fungus [77]. An interesting model for
studying three-component microbial symbionts and their evolution is the fungal-bacterial-
viral system, which showed the effect of narnoviruses on the biology of fungi [78].

The benefits for fungi from the formation of mutualistic relationships with bacteria
lie in their improved nutrition due to the joint decomposition of complex
polycarbohydrates, in their consumption of volatile organic compounds synthesized by
microorganisms, as well as in the secretion of antibiotics by microorganisms that suppress
the growth of competing micromycetes and provide protection against parasites. In the
case of ectomycorrhizal fungi (truffles or morels), bacteria contribute to their associations
with plant symbionts [71, 79-84]. In addition, mushrooms are also able to consume
bacterial biomass by assimilating bacterial carbon and nitrogen as a source of nutrients
[58, 82]. For their part, bacteria successfully use fungal exudates in their metabolism [85],
but can also cause a wide range of diseases, and hence significant crop losses [86, 87].

There is evidence that the presence of beneficial microorganisms in substrates for
growing mushrooms stimulates their growth and the formation of fruit bodies [88, 89],
improving the quality and uniformity of products [90]. In some cases, this is associated
with the synthesis and secretion of certain biologically active metabolites, such as
phytohormones (auxin, cytokinin, and ethylene), as well as indolic acid [91, 92]. Kertesz
and Thai [58] studied a number of bacterial and fungal strains promoting the growth of
cultivated Agaricus and Pleurotus species and including bacteria from the genera
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Bacillus, Pseudomonas, and Bradyrhizobium. In the process of growing mushrooms, they
acted on the soil, substrate, shell or mycelium of the fungus, increasing the yield and
shortening the growing time. The interactions "microorganisms - fmushrooms" described
to date include stimulating the growth of mycorrhizal fungi with the simultaneous
establishment of symbiotic interactions [79], reducing composting time and improving
the quality of the substrate [60], a synergistic effect of stimulating mycelium development
due to the release of nutrients [82, 93], as well as the fruiting of fungi, that is, switching
from the formation of vegetative tissue to reproductive tissue [94, 95].

There is relatively little information on the bacteria that promote the growth of
mushrooms. It was reported that two strains of Pseudomonas putida isolated from the
casing layers of A. bisporus can be used for growing mushrooms to increase the yield [96,
97]. Some fluorescent Pseudomonas strains living on the surface of the Pleurotus
ostreatus mycelium promote the formation of primordium and accelerate the development
of basidioma. Studying the diversity, stimulating ability and antagonistic activity of
bacterial isolates from A. bisporus fruiting bodies revealed: 36 isolates producing
indoleacetic acid (which is known to stimulate the growth of higher plants); 19 isolates
solubilizing phosphates; and 29 isolates with cellulase activity. About 40 isolates showed
antagonistic activity against one or several pathogens [11]. In this study, cultured bacteria
isolated from the fruiting body of A. bisporus were represented by seven bacterial
families. Five of the sixteen sequenced strains were Bacillus spp., which showed high
antimicrobial activity against pathogenic bacteria, in particular, B. cereus-like isolate
DY17, which inhibited all tested indicator pathogens, which makes it promising for
further research. Strains of Streptomyces also showed antimicrobial activity.
Pseudomonas spp. is ubiquitous in agricultural soils, some of which promote the growth
of P. ostreatus and A. bisporus [97]. Fluorescent Pseudomonas spp. accounted for 14—
41% of the total number of bacteria present in the casing layer, their population increased
during the cultivation of A. bisporus, which had a positive effect on the yield of the
fungus [96, 98].

In studies by Yan Jun Ma et al. [99] in the bacterial community of the fruiting body
of the fungus Shiraia sp. S9 was also dominated by Bacillus and Pseudomonas. Some
Pseudomonas isolates, such as P. fulva, P. putida, and P. parafulva, stimulated the
accumulation of hyaluronic acid in fungi. Treatment with P. fulva SB1 bacteria
approximately 3.25 times activated the expression of the enzyme and carrier genes
necessary for its biosynthesis and exudation. On the other hand, B. cereus has shown the
ability to reduce its fungal toxicity. The stimulating activity of strains from the genera
Bacillus and Pseudomonas on the growth of higher fungi was also noted by other authors
[88, 96, 97, 99, 101]. It was revealed that Bacillus spp. species, in particular P. polymyxa,
are involved in increasing the selectivity of substrates for cultivation both by inhibiting
the growth of Trichoderma (Trichoderma harzianum) and by protecting the fungus P.
ostreatus due to the induction of laccases. Thus, the management of microbial
communities during the cultivation of P. ostreatus, for example, preparation of a substrate
to support the growth of P. polymyxa and other Bacillus spp., Can be a way to optimize
the production and other use of fungi [102]. It is interesting to note that the maximum
antagonistic activity against T. harzianum MTCC 3178, as well as other pathogens, was
demonstrated by Bacillus spp. Isolated from the saline soils of Goa. This made it possible
to recommend them as a natural fungicide alternative to synthetic fungicides used in
mushroom cultivation [103].

Thus, a new line of research based on the use of microorganisms that promote
fungal growth, supplementing the natural microbiota, covering nutritional deficiencies
and performing a protective function, is considered as a useful guide for assessing the
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needs of mushrooms and for the development of new formulas for commercial
supplements [91].

Conclusion

In conclusion, it should be noted that the benefits of growing higher fungi are not
limited to the nutritional and biological value of their fruit bodies. The substrate
permeated with mycelium, remaining after their cultivation, is a biomass that exceeds the
production of fungi by weight not less than 5 times [52], enriched with proteins, which
are dominated by essential amino acids - leucine, threonine and lysine, which makes it
possible to use it as a feed additive [56, 104-108]. For Kazakhstan, it can be of particular
value, since there is a shortage of fodder protein in the republic's animal husbandry, with
only 20% of the provision with compound fodders [109]. Currently, from 80% to 85% of
all food and medicinal mushroom products are obtained from fruit bodies, and only 15%
of them are based on mycelium extracts. Meanwhile, the use of mycelium extract as a
food bio-ingredient may represent an innovative strategy to prevent and/or reduce the
negative consequences of microbial spoilage of food and be of great importance for the
food and pharmaceutical industries [110].

The substrate can also be used as a solid fertilizer in crop production [111]. Spent
mushroom compost is a waste that can be recycled as a substrate to support a new
commercially viable crop cycle with the addition of the necessary additives [91, 112]. In
addition, it can be used for the production of packaging and construction materials,
biofuels and enzymes [113]. The presence in some basidiomycetes of a wide spectrum of
antimicrobial activity against opportunistic and pathogenic microorganisms, which are
dangerous contaminants of food, made it possible to propose their use as a basis for a
polymer coating with antimicrobial properties to protect food from spoilage. The high
hydrolytic activity of fungi also makes it possible to use them for the biodegradation of
organic pollutants, xenobiotics, and industrial pollutants [114].

The biotechnological potential for the production of mushrooms has great
prospects. Progress in this direction should be expected from the development of methods
for controlling the biosynthesis of secondary metabolites by fungi that exhibit the highest
biological activity. In artificial cultivation, which differs from existence in natural
conditions, in the absence of natural competition between the pool of detected metabolites
and the capabilities of the genome, there is a large gap, which is explained by the
presence of “silent” genes [115-116]. The contribution of plant and animal microbiomes
to the "extended phenotype” of their hosts is well studied, while research on fungal
microbiomes has just begun. It has already been shown that the amount of bioactive
metabolites of fungi obtained from a cultivated fungus grown by an artificial method is
much less than the amount obtained from wild fruit bodies [117]. Wild mushrooms are
also considered to be a more promising source of B-glucan used in the food industry and
for medicinal purposes [118]. This testifies in favor of co-cultivation of fungi with other
organisms, in particular, with bacteria, which will not only reveal the mechanisms of
interspecies relationships, but also provide an opportunity for controlled biosynthesis of
the desired secondary metabolites and enzymes of macrofungi [116, 119-121].

A co-cultivation strategy that mimics the symbiotic relationship of organisms in
their natural habitat is a very effective approach to identifying and using a powerful
resource for obtaining secondary fungal metabolites (low molecular weight,
polysaccharides, polypeptides) exhibiting antimicrobial, antitumor, and antioxidant
activity, which is so necessary at present.
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