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AHHOTALUSA

OpHoii 13 TI00ANBHBIX MPOOJIEM, C KOTOPOH YEJIOBEYECTBO CTOJIKHYJIOCH B MOCIEIHEE CTOJIETHE,
SBJISICTCSl 3arpsi3HEHUE OKpY’Kalolied cpelbl. bosbplias 4acTh TOKCHYHBIX BBIOPOCOB IMPHUXOAMTCS Ha
pasiuyHbIe BUABI MIPOU3BOJCTB, OAHUM M3 KOTOPBIX SBJSETCS IIEIUTIONO3HO-OyMaxkHOe. TpaauiiioHHOe
[EJUTION03HO0-0yMa)KHOE TIPOU3BOJICTBO TIOIPa3yMeBaeT NCIIOIB30BaHHE MIET0UYEH U KHCIIOT, TOTa/Ial0IIIX
BIIOCJIEJICTBHU B OKPY>KaIOLIYIO CPely CO CTOYHBIMH BOAAMHU BMECTE C TPYAHOpa3iaracMbIM JUTHUHOM. C
YYETOM IMOBBIIICHHUSI CIpOca Ha IIEJUTI0JI030-0yMasKHBIE pacXoJHbIe MaTephaibl pa3pa0doTKa HOBBIX
9KOJIOTHYHO-0E30MMaCHBIX TEXHOJIOTHH ISl [EJUTFOJIO3HO-0YMaKHOW TMPOMBINUICHHOCTH CTAaHOBHUTCS
KpaiiHe akTyanpsHOH. OJHUM U3 MIPEIOKEHHBIX CIIOCOO0B peIIeHHsI TPOOIEMBI SBISIETCS] OMOJIOTUIECKUI
METO/1 IPEABAPUTENBHON 00paOOTKH CHIPbsI MIPH LEIUTIOI03HO-0yMaKHOM MPOU3BOJICTBE.

Ha cragum mpenBaputenbHOW OOpaOOTKH CHIPhS XUMHUYECKHM CIIOCOOOM TPOUCXOJUT Pa3phbiB
KOBQJICHTHBIX CBA3€H MEXIy LEJUIIOJI030H M JIMTHUHOM, OMOJIOTMYECKHH ke crocol mojapasymeBaeT
OMOIECTPYKUHUIO LEIUTIONIO3HO-TUTHUHOBBIX CBS3EH, C MCIOJIb30BaHUEM (DEPMEHTOB, CHHTE3HPYEMBIX
MHUKPOOPTraHH3MaMH.

B nmanHoit crathe ommcana paboTa, B XOJe KOTOpPOWM ObLIa BBIAEICHA YHCTas KyJdbTypa Tpuda
Schizophyllum commune, ¢ mMOBEepXHOCTH KOpbI YAaCTUYHO pa3PYLICHHOTO JepeBa, CIIOCOOHBIH,
CHUHTE3UPOBaTh HEOOXOMUMBIE (PepMEHTHI AJIsl pa3IoKeHUs IpeBecuHbl. [locTaHOBKA SKCIIEpUMEHTA JIAJIO
JaHHbIe TOTy4EHHBIE B X0/l IKCIIEPUMEHTA Jalli ONTUMHUCTUYHBIC ITPOTHO3BI O BO3MOXXHOCTH 3aMEHBI
TPaIUIIMOHHOTO CIoco0a MpeaBapUTENbHON 00pabOTKU CHIphS Ha MUKPOOHOJOTHYECKHUN, TaK KaK IO
neiicTBreM (DepMEHTOB, CHHTE3UPYEMBIX TPHOOM S. COMMUNE, KOJTHMYECTBO JUTHUHA B COJIOME CHU3HIIOCH
MPaKTUYECKH B JBa pasza ¢ 17,61% mo 9,09%.

KuaroueBble cjioBa: Onoerpajanys, JINTHAH, APEBECUHA, YHCTas KyJIbTypa, CyOcTpar.

B cBs3u ¢ HamumeM OONBIIMX MOCEBHBIX IUIONMIAJEH 31aKOBBIX KYJIBTYp, MOTEHIIUATBHO
NEepPCHEKTUBHBIM HampaBieHueM Juisi Kazaxcrana sBisieTcss ucciaeOBaHUE BO3MOKHOCTHU
UCIIOIB30BaHUS COJIOMBI B Ka4€CTBE CHIPhS JUIS HEJUIIOI03HO0-0yYMaKHOM MPOMBIIUIEHHOCTH [1,
2]. ITimeHrYHAs COJIOMA MOXKET CITY)KUTh PECYPCHBIM aTbTEPHATUBHBIM ChIPHEM JIJIS [IEJITFOJIO3HO-
OyMa)XHOTO TPOM3BOJICTBA, OCOOCHHO JIJIi MPOM3BOJACTBA CHECIUATBHBIX M (YHKIIMOHATBHBIX
copToB Oymaru, Takux Kak ¢uibTpoBanbHas Oymara. Comoma Ha 15% cocTOMT M3 NUrHUHA, HA
35-45% - u3 nem010361, octaBinuecs 20-30% npuxoasTcs Ha reMurie/unoaosy [3, 4]. braroxaps
CBOEH DBIXJIOW TEKCType OHa JIETKO IOABEPracTcs BO3ACUCTBUIO PpEAarcHTOB BO BpeMs
npeaBapuTebHONM 00padoTku. OHaKO MpobdieMa OTICJICHUS INTHUHA OT IEJITIOI03bI 10 CUX TTOp
MOJIHOCTBIO HE penieHa. JIMTHUH SBISEeTCS OJJHUM U3 COCTABIISIOIINX KOMIIOHEHTOB PACTUTEIILHON
KJIETKH, TI0 3HAYMMOCTH 3aHUMAIOUIMK TPEThE MECTO IMOCE IEUTIOI03bl U TeMHIIEIUTFOI03bI.
CymMapHO Bce TpU KOMIIOHEHTa 00ECTIeUMBAIOT MPOYHOCTh KIETOYHOM cTeHKH. [loMrMo Beero,
3a JTUTHUHOM 3aKpeIjieHbl Takue (YHKIHMH KaK MPOXOXKJICHHE BOJBI IO COCYIUCTHIM TKaHSM,
AHTUMHUKPOOHBI Oapbep M 3alIUTa MOJHUCAXapuaoB (IEJUTIONO03bI U TEMUIEIUTIONO03bI) OT
THIPOJIM3a BCIICACTBUE ICHCTBHS MUKPOOHBIX (hepMeHTOB [5, 6]. CII0KHOCTB OT/ICICHUS TUTHUHA
OT MEJUTIONIO3bI 3aKJII0YaeTCs B 0Opa30BaHWM KOBAJICHTHON CBSI3M MEXAY HUMH M HaTUYHU

127


mailto:altekey@mail.ru

MHKPOBHOJIOI'USA )KOHE BUPYCOJIOI'UsA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

pa3sTUYHBIX (DYHKIIMOHAIBHBIX TPYII B JIMTHUHE, TAKUX KaK THJIPOKCHIIbHBIC, METOKCHIILHEIC,
KapOOKCHIIbHBIC B KapOOHMIIbHBIE. COOTHOIICHUE BHIINICYKA3aHHBIX TPYIIN 3aBUCHT OT HCTOYHHKA
nurauHa [7]. Cyxast macca kierouHoi creHku Ha 20-35% coCTOUT U3 TUTHUHA, B 3aBUCUMOCTH OT
pacTeHus1, MsArKas ApeBecuHa - Ha 25-35%, a nucTBeHHas apeBecuHa - Ha 20-25% [8].

Takue QU3NKO-XMMHUYECKHE M MEXaHHYECKHUE METOJbl IMpeBapUTeNbHON 00paboTKH Kak
KHCJIOTHAs, NIETIOYHAs U MIPUMEHEHHUE MMapoBOTO B3pPhIBAa HE SBIISIOTCS MPEAMOYTHTEIHHBIME I10
HECKOJIPKMM NPUYMHAM: H3MEHEHHE CTPYKTYpPbl JIMTHHWHA, TOKCHYECKHE BBIOpOC, OONbIINE
¢unancossie pacxoasl [9, 10]. MoxHO cka3aTh, 4T0 OHOJIOTHYSCKHI METO/I Pa3JIOKCHHUS JIMTHUHA
SBIISICTCS aIbTEPHATUBHBIM METOOM IPEABAPUTEIHHON 00paOOTKH APEBECHOTO U HEAPEBECHOTO
CBIPbsI OJIaro1apsi SKOJIOTUIECKOH 0e30MacHOCTH U SKOHOMUYECKOH BBITOJIbl. B KauecTBe areHToB
mporecca OMOpa3IoKeHUsl JTUTHUHA Yallle BCEro UCIONb3YIOT I'puObl, a UMEHHO IrpuObl Oenoii
THIIH. MeXaHu3M JeHCTBUS MUKPOOPTAaHH3MOB Ha ChIPbE 3aKJIF0YAETCs B aTake JIMTHUHA U €T
Pa3I0KEeHUH, YTO MPUBOIUT K Pa3MATYCHUIO CBHIPbs. [ pyrna MUKpOOPraHU3MOB, pa3jararoiimux
JIMTHUH, TMPOAYIMPYET HEOOXOAMMBIC U 3TOr0 (DEpMEHTHI: JTUTHUHIIEPOKCHIA3y, JTaKKazy |
MapraHieByro nepokcuaasy [11].

B Hacrosimem uccieioBaHuy B 1EsX OMoaerpaaiy JUTHUHA COTIOMBI OBLIT 0TOOpaH rpud
Schizophyllum commune ¢ npeBecuns! pactymiero aepesa (pucyHok 1). Mcnoabp3oBaHue JaHHOTO
rpuda OOYCJIOBJICHO HaJMYHEM €ro JIMTHHHOJUTHYECKONW aKTUBHOCTH, CIIOCOOHOCTH
CHHTE3UPOBATh JTUTHUHIICPOKCUIA3Y, JIAKKa3y H MapraHIieByro nepokcuaasy [12, 13].

Pucynok 1 — I'pu6 Schizophyllum commune

O0BbeKTHI U METOAbI UCCJIETOBAHUS

Buioenenue uucmou Kynomypel cpuda S. commune

O06pasern rpuba ObLT OTOOPAH C TOBEPXHOCTH J€pPEBa B CTEPUIIBHBIN MAKET, HA CIEAYIOUTHI
JIeHb B CTEpUIbHBIX YCIOBHUAX II€pPEHECEH Ha TBEpAyl mnurarenbHylo cpeny Cabypo u
TepMocTaThpoBal mpu 25°C Ha nATh cyTokK. IlomydyeHHBI MHLENHUNA, CBOMCTBEHHBIN Ipuldy S.
commune, ObLI MEPECEsIH MATUKPATHO 10 MOIYYSHHS] OJHOPOJIHOTO POCTA, CBUAETEIbCTBYIOIIEM
0 YHCTOTE KYIbTYphl. NHOKYIIAT MOIydaay MyTeM CMBIBA KYJIBTYPhI S. COMMUNE ¢ TOBEPXHOCTH
nuTaTesnbHol cpeasl Cabypo 0,9% pacTBopoM HaTpHsl XJIOPHUIA.

Bbuooezpaoayus nuznuna conomol

B skcnieprMenTe ncnoib30Bail MUTATEIbHYIO CPETy, IPUTOTOBIEHHYIO HA OCHOBE COJIOMBI.
B xonmnueckyro konly Opnenmeiiepa nmomermanud 10 T cOJIOMBI, U3MENBYEHHOW C MOMOIIBIO
MenpHUIBl JIK200 mo pasmepa wactuir 45 mkwm, nobaensm 0,01 T rrokossr, 5 M 0,0004%
pacTBopa TBHHA U CTEPWJIM30BAIM B aBTOKJaBe Ha mpoTspkeHuu 15 muH mpu 121°C. 3atem B
ACENTHYECKUX YCIOBUSIX JOOABIISITN 5 MII HHOKYIIATA KYyIBTYPBI S. COMMUNE ¥ TePMOCTaTUPOBATIN
ripu 25°C. [IpoObI Ha aHANK3 OTOMpAIH KaXKIbIE 5 THEH.
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Ananuz oopazyoe

AHaJIM3 0CTaTOYHOTO JIMTHUHA TIPOBOIMIIN KXKIBIE 5 CYTOK Ha MPOTSHKEHUH 4-X Hellelb. B
Koy OpieHmelriepa BbIchand | T (&) WHOKYJIMPOBAHHOIO mpemnapara, noOaBmsumud 150 mi
JTUCTHILTUPOBAHHOM BOJIBI M oBoqvutH 10 90-100°C Ha npoTshkeHnn 1 yaca, oTQHIBTPOBBIBAIIH,
pactBop npombiBany 300 M ropsdei AUCTUIUTMPOBAHHOW BOJIBI, BBICYIIIUBAIHN JI0 TOCTOSIHHOTO
Beca. Cyxoi ocagok nobasnsui B kon0y co 150 mu 1IN H2SOs u noBogumm go 90-100°C Ha
npoTsbkeHuH 1 daca, oThUIbTpoBasid, pacTBOp mpoMbiBain 300 M1 TopsYeil AUCTHILTUPOBAHHOM
BOJIBI, BBICYIIIMBAJIH JI0 TTOCTOSTHHOTO Beca (¢). [TomydeHHbIi cyxoit ocagok 100aBIsIn B KOJIOY C
72% H>SO4 m ocraBnsim Ha 4 vaca NMpu KOMHaTHOM Temmepatype. Crycts 4 4aca B CMeCh
no6asistu 150 Mt IN H2SO4 u oBoanmu 1o 90-100°C va npotspkennu 1 yaca, orpuiabTpoBaiy,
pactBop nipoMbiBaiy 400 MJT TUCTHUIUTMPOBAHHOMN BOJIbI, BHICYIIIMBAIN B CYITHIBHOM IIKady IpH
105°C o mocrostHHOM Macchl (d). 3aTeM 3TOT ke 0CaJ0K BBICYIIUBAIN J0 COCTOSHUS IeIia U
B3BEIINBAIH ().

Pacuer BeImosHsUIIM 110 ciienytonieit hopmyse:

-d
% LIETTIONO03bI = CT X 100%,

d—e
% JIMTHUHA = — X 100%,
r7e: a - Bec o0pasna,
C — BEC MacChl IPU BTOPOM B3BEIIIMBAHUU,
d - Bec MaccChl MPH TPETHEM B3BEIIMBAHNUH,
€ — BeC IeIna.

Pe3yabTaThl U 00CyKIEHUE
[TepBbIM 3TarioM pabOTHI OBUIO BBIJACIICHUE YHCTOW KYIbTYPHI S. COmMmune (pucyHOK 2) u
MIPUTOTOBIICHUE HHOKYIIATA.

N

Pucynok 2 — Beiienenue 4ucToii KynbTyphl rpuba S. commune

CrnenyromuMm 3TanoM ObUIO KYyJIbTHUBHpPOBaHME TIpuba Ha cyOcTpate C COJIOMOIA,
u3MenbYeHHOU 10 45 MM, Ha nporsokeHun 20 cytok mpu temmeparype 25°C. Ilporece
OmoJerpajaliuy JUTHUHA COJIOMBI MPEIOCTABIICH B BHJIE CXEMbI HA PUCYHKE 3.
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H3MENbYCHHOM COTOMOM
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KonauecTBeHHBIH aHAIH3
JIMTHUHA ¥ BEIYUCIICHHE

Pucynoxk 3 — Cxema OumojierpagaIiuy JIAMTHUHA COTOMBI

OO6pa3ibl OTOMpaTd KaXIple 5 THEH M aHAIM3UPOBAIM Ha KOJWYECTBO OCTATOYHOTO
JMTHUHA ¥ UEJUTI0N03bl. Pe3ynbTaTsl WILTIOCTPUPOBAHbI HA PUCYHKE 4 U MPE/ICTaBIICHBI B TAOIUIIE
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PucyHnok 4 - MOHUTOPUHT KOJIMYECTBA JIUTHUHA U LIEJUTI0JI03bI COJIOMBI B X0/1€ OHoepragaiun
KyJIBTYpo# S. commune Ha npoTsbkeHun 20 1Hei

Tabmuia 1 - MOHUTOPHUHT KOJHUYECTBA JUTHUHA U LIEJUTFOJIO3bI COJIOMBI B X0/1¢ OHoaerpagaiu KyJaIbTypoi
S. commune Ha npoTtsokeHun 20 qHEH

Bpewmst KylIbTHBHPOBaHUsl, CYTKU CopeprxaHue JJUTHUHA, Yo CopeprkaHue 1eJuIrono3sl, %
1 17,61 41,24
5 15,19 40,88
10 13,91 40,34
15 11,43 40,02
20 9,09 39,06

Ha ocHoBanun JAaHHBIX, MIPCACTABJICHHLIX B Ta6n1/1ue 1, MOXKHO CACJIaTh BBIBOA O TOM, YTO
Ouonerpamanusi JIMTHUHA COJOMBI KYJbTYpoi S. COMMUNE BO3MOXKHA; MpHYEM Onaromaps
I[OGaBJIeHI/IIO I/I36BITO‘-IHOFO KOJIMYCCTBA HUCTOYHHKA YIJICBOAA B BHJAC pPACTBOpA TJIFOKO3BI,
IEJUTF0JIO3a OCTACTCS MPAKTHYECKU HETPOHYTOM.
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IIoMMMO KOJIHMYECTBEHHBIX METOJOB aHAIM3a Ha OCTaTOYHOE KOJIMYECTBO JIMTHHHA ObLIH

C/IeJIaHbl CHUMKH Ha PacTPOBOM 3JICKTPOHHOM MHUKPOCKOIIE ISl OIICHKH U3MEHEHUST CTPYKTYPHI
COJIOMBI 710 Ouozierpasanuu (PUCYHOK 5a) U Mocie npouecca onoaerpaganuu (pucyHok 50).

a) 20KV X100 100pm, -

20kV. X100 1] ! 3 10 63 30Pa

Pucynoxk 5 — MI3meHeHHEe CTPYKTYPBI COJIOMEL: a) 0 Onoaerpaamnmu, 0) mocie Ouoaerpananun

Ha cauMkax BUIIHBI U3MEHEHUS B CTPYKType cosioMbl. Ecim 1o mporiecca Guoaerpagamuu
rpubomM S. COMMUNE coiloMa HMeNa OIHOPOJHYIO IENOCTHYIO CTPYKTYpy, TO TIOCIe
Ouonerpamay CTPYKTypa COJIOMBI CTaja pPBIXJIOW, HEOJHOPOIHON, HEKOTOpPhIE YYaCTKH
pasaenuiauch Ha 0oJiee MENKHE YaCTHIIBI, YTO MO3BOJIIET CAETAaTh BBIBOJ O TOM, YTO JTAHHBIH
JIpeBOpa3pyIaromui rpud crmocoOeH paclIeIUIATh JIUTHUH-TIEJUTIOJIO3HBIE CBSA3U B COJIOME.

TakuM 00pa3oM yYCTaHOBJIEHO, YTO B KOHTPOJBHOM OOpa3lle COAEpKaHHE JMTHUHA
coctaBisuio 17,61% ot maccel, kK KOHITY aerpananuu, Ha 20-i neHs - 9,09%, 4To npakTuiecku B
JIBa pa3a MEHbIIE HM3HAYAIBHOTO KOJWYECTBA. TakKe Ha IMOJOXKUTEIbHbIE MOKa3aTeNln
Ouonerpamanvy JUTHAHA TOBJIUSII pa3Mep TMomoja coloMbl - g0 45 miM. IlomydenHsbie
pe3yNbTaThl ONTUMHUCTHYHBI, TaK KaK B CXOXKEH Hay4HOW paboTe ¢ JaHHOU KyJIbTypoid
MUKpPOOPraHu3Ma aBTOpaM yAalloCh TOOUTHCS JIerpafaliy JIMTHHHA COJIOMBI TuIlb Ha 21% [14].
COOTBETCTBEHHO MOXHO CHIeJaTh BBIBOJ, YTO NaHHBIA CIIOCOO WCIONB30BAHUS KYIbTYPHI S.
cCoOmmunNe mpu IEUIIOJIO3HO-OYMa)KHOM TPOU3BOJICTBE M IepepaboOTKEe OTXOAOB CEIHCKOTO
XO034MCTBA AKTyaJIeH U MEPCIEKTUBEH.

3akiaro4eHue

[IpenocraBieHHble  pe3ynbTaThl  JaHHOW  pabOTBl  CIyXaT  JOKa3aTelIbCTBOM
OMopasnaraeMoCTH JIMTHHHA COJIOMBI KYJBTYpOH JApeBOpa3pymiaromiero rpubda S. commune.
CornacHo npoBeIeHHBIM UCCIe0BaHMsIM, Ha 20-¢ CyTKU KylbTUBUpOBaHUs rpuda mpu 25°C Ha
U3MEIBYCHHOHN 10 45 MKM cojioMe ¢ J00aBjieHHEe IIIOKO3bl, KOJMYECTBO JIMTHUHA CHU3UIIOCH C
17,61% no 0,09%. buonerpaganus JurHUHA B IEJIOM MOXET 3aMEHHUTh MEXaHUUYECKHE U
XUMHUYECKHE METOJBl TPEABAPUTEIHHOM OOpaOdOTKH CHIPhS TIPH  IEJUTOJI030-0yMakKHOM
MPOU3BOJICTBE, YTO 3HAYUTEIHHO COKPATHUT PACXOJbl HAa JIOPOTOCTOSIINE PEAKTHBBI U CHU3UT
KOJIMYECTBO BPEAHBIX MPOMBIIIEHHBIX BEIOPOCOB B OKPYKAIOILYIO CPELY.
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AFAII BETIHEH OKIIAYJAHFAH SCHIZOPHYLLUM COMMUNE
CAHBIPAYKYJIAFBIHBIH TAKBLIBIMEH CABAH JIMTHUHIHIH
BUOJIETPAJALIASICHI

Tyiiin

OTkeH FachIpia ajgam3at Oerre-0er keireH sxahaHIBIK Macenenep/iH Oipi — KoplliaraH OpTaHbIH
JacTaHybl. YIIbl LIBIFApPBIHABUIAPABIH KOMIIUIrT opTYpii eHZIpic TypJepiHeH KeJeli, oJapiablH Oipi
MEJUTI0NI03a MeH Karas. JlocTypmi 1emmoyio3a KoHE Kara3 OHIIpiCl CUITUIepHdi, KBIIKBIIIAPIBI
naianany/ipl KaMTHIbI, HOTWKECIHAE OJlap aFbIH/Abl CyJapMEH XOHE OpPEH BIIBIPAUTHIH JUTHUHMEH
KoplIaraH opTara Kocbuiaabl. KeHce TayapnapbiHa, O0ip peT KOMAAaHBUIIATHIH LEJUII0JIO3a OpaMaigapbiHa
JKOHE Kara3 Opaybllll MaTepualiiapbiHa Kb CAWBIHFBI CYPAHBIC TEK KaHa OcCil KeJle )KaTKaHbIH eCKepreH
JKOH, OYJI IIEJUTIONI03a-KaFra3 OHEPKOCiOl YIMiH jkaHa SKOJOTHSIBIK Ta3a TEXHOJIOTHSIAPIALI aMBITyFa
CYpaHBICTBI apTTHIpaAbl. MoceleHi MIeNIyAiH YCHIHBUIFaH S>KOJAApBIHBIH Oipi — LeNJIroIo3a-Karas
OHJIpiCiH/e MMKI3aTTHI aJJIbIH ajla OHAeYiH OHMOIOTHUSUIBIK SIicCi.
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[[uki3aTThl anfbplH ajla eHJEy CATBICHIHJA IICJUTFOJI03a MCH JIMTHUH apachlHIAaFbl KOBAJICHTTIK
OaimampicTap y3utemi, OYJI VIIIH JOCTYpii TypAe CiATUIep MEH KBIIKBUIAAp KOJTAHBUIAABI, all
OHMOJIOTHSUIBIK 9JIIC MUKPOOPTraHU3MAEP CHUHTE3ICHTIH (epMEHTTEPAiH KOMETIMEH MLeJUIH0JI03a-TUrHUH
OaiiaHbBICTAPBIH OUOJECTPYKIMSIIAY Tl KAMTH/IBL.

Byn xympicTa aramTeiH (3aKbIMIAIFaH HEMECE JKEPTiTKTI BIIBIPANTHIH) KaOBIFBIHBIH OeTiHEH
aralIThIH BIIBIPAyBIHA KaKeTTi (hepMenTTepai cuutesaeiiTin Schizophyllum commune caupIpayKyIaKThI
TaHAaabIK. TokipuOe OpHATy IIMKI3aTThl aJJbIH aja OHJACYMIH JACTYPil SIICIH MHUKPOOHOJOTHSIIBIK
oZicIieH ayBICTBIPY MYMKIHZIN Typajabsl ONTUMHCTIK Ooipkammap Oepni, eHTkeHi S. commune
caHbIpayKyJIarbl CUHTE3/IEreH (epMEHTTEePIH dCepiHEeH cabaHaarbl JIMTHUH MOJIIIEP] €Ki ecere AepJIiK
azainpl. 17,61%-man 9,09%-ra netiin.

KinrTi ce3mep: Onoaerpananyis, TUTHUH, aFaill, Ta3a JaKblI, CyOCcTpar.
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BIODEGRADATION OF STRAW LIGNIN BY CULTURE
OF THE FUNGUS SCHIZOPHYLLUM COMMUNE ISOLATED FROM THE TREE
SURFACE
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Abstract

One of the global problems that mankind has faced in the last century is environmental pollution.
Most of the toxic emissions come from various types of production, one of which is pulp and paper.
Traditional pulp and paper production involves the use of alkalis and acids, subsequently released into the
environment with wastewater along with hardly decomposable lignin. Given the increasing demand for
pulp and paper consumables, the development of new environmentally friendly technologies for the pulp
and paper industry is becoming extremely relevant. One of the proposed ways to solve the problem is the
biological method of pre-treatment of raw materials in pulp and paper production.

At the stage of pre-treatment of raw materials by a chemical method, the covalent bonds between
cellulose and lignin are broken, while the biological method involves the biodestruction of cellulose-lignin
bonds using enzymes synthesized by microorganisms.

In this work, we selected a fungus Schizophyllum commune that synthesized the necessary enzymes
for wood decomposition from the surface of a partly decomposed tree bark. The setting of the experiment
gave optimistic predictions about the possibility of replacing the traditional method of pre-treatment of raw
materials with a microbiological one, since under the action of enzymes synthesized by the fungus S.
commune, the amount of lignin in the straw almost halved from 17.61% to 9.09%.

Keywords: biodegradation, lignin, wood, pure culture, substrate.

With the rapid development of various manufacturing industries and great attention to the
environmental situation, scientists are increasingly turning to biotechnology in order to find
alternative natural solutions. So, for example, due to the lack of forest plantations in Kazakhstan,
and the presence of large sown areas of cereal crops, a potentially promising direction for the
republic is to study the possibility of using straw as a raw material for the pulp and paper industry
[1, 2]
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Wheat straw is a resource alternative raw material for pulp and paper production, especially
for the production of specialty and functional grades of paper, such as filter paper. Straw consists
of 15% lignin, 35-45% cellulose, the remaining 20-30% is hemicellulose [3, 4] . Due to its loose
texture, it is easily attacked by reagents during pre-treatment. However, the problem of separating
lignin from cellulose has not yet been completely solved. Lignin is one of the constituent
components of the plant cell in importance, ranking third after cellulose and hemicellulose. In
total, all three components provide the strength of the cell wall. In addition to everything, lignin
has such functions as: the passage of water through vascular tissues, an antimicrobial barrier and
the protection of polysaccharides (cellulose and hemicellulose) from hydrolysis as a result of the
action of microbial enzymes. [5, 6] . The complexity of separating lignin from cellulose lies in the
formation of a covalent bond between them and the presence of various functional groups in lignin,
such as: hydroxyl, methoxy , carboxyl and carbonyl. The ratio of the above groups depends on the
source of lignin [7] . The dry mass of the cell wall is 20-35% lignin, depending on the plant, soft
wood is 25-35%, and hardwood 20-25% [8] .

Such physico-chemical and mechanical pre-treatment methods such as: acid, alkali and
steam explosion are not preferred for several reasons: a) the structure of lignin changes; b) toxic
emissions; c¢) high financial costs [9, 10] . It can be said that the biological method of lignin
decomposition is an alternative method of pre-treatment of wood and non-wood raw materials due
to environmental safety and economic benefits. As agents of the process of biodegradation of
lignin, fungi are most often used, namely white rot fungi. The mechanism of action of
microorganisms on raw materials is the attack of lignin and its decomposition, which leads to
softening of raw materials. A group of microorganisms that decompose lignin produce the
enzymes necessary for this ( lignin peroxidase (LiP), laccase (Lac) and manganese peroxidase
(MnP)) [11]

Schizophyllum commune was selected for the biodegradation of straw lignin from the wood
of a growing tree (figure 1). The use of this particular fungus is due to its ligninolytic activity, and
ability to synthesize lignin peroxidase, laccase, and manganese peroxidase [12, 13] .

Figure 1 - Mushroom Schizophyllum commune

Materials and methods of research

Isolation of a pure culture of the fungus S. commune

A sample of the fungus was taken from the surface of the tree in a sterile bag, the next day
under sterile conditions it was transferred to a Sabouraud’s solid nutrient medium and thermostated
for 25°C for five days. The resulting mycelium characteristic of the fungus S. commune was
subcultured five times until uniform growth was obtained, indicating the purity of the culture. The
inoculum was obtained by washing the culture of S. commune from the surface of Sabouraud
culture medium with 0.9% sodium chloride solution.
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Biodegradation of straw lignin

In the experiment, a nutrient medium prepared on the basis of straw was used. 10 g of straw
crushed with a mill LK200 to a particle size of 45 um was placed in a conmical Erlenmeyer flask.
Then 0.01 g of glucose and 5 ml of tween 0.0004% solution was added and the medium was
sterilized in an autoclave for 15 minutes at 121° C, then 5 ml of S. commune culture inoculum was
added under aseptic conditions and thermostated at 25°C. Samples for analysis were taken every
5 days .

Sample analysis

Residual lignin analysis was performed every 5 days for 4 weeks. 1 g (a) of the inoculated
preparation was poured into an Erlenmeyer flask, 150 ml of distilled water was zaded and brought
to 90-100°C for 1 hour, the solution was filtered, washed with 300 ml of hot c..ulled water, and
dried to constant weight. The dry precipitate was added to a flask with 150 ml of 1N H2 SO 4 and
brought to 90-100°C for 1 hour and filtered, the solution was washed with 300 ml of hot distilled
water, dried to constant weight (s). The resulting dry precipitate was added to a flask with 72% H;
SO sand left for 4 hours at room temperature. After 4 hours, 150 ml of 1N H> SO sand brought to
90-100°C for 1 hour and the solution was filtered, washed with 400 ml of distilled water, dried in
an oven at 105°C to constant weight (d). Then the same precipitate was dried to ash and weighed
(e).

The calculation was performed according to the following formula:
% cellulose = ? %X 100%,

% lignin = % x 100%,

where: a is the weight of the sample,

¢ - weight of the mass at the second weighing,

d - weight of the mass at the third weighing,
e is the weight of the ash.

Results and discussion
The first stage of the work was the isolation of a pure culture of S. commune (figure 2), and
inoculum preparation.

Figure 2 - Isolation of a pure culture of the fungus S. commune

The next step was the cultivation of the fungus on a substrate with straw crushed to 45
microns for 20 days at a temperature of 25°C. The process of biodegradation of straw lignin is
presented in the form of a diagram in figure 3.
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Figure 3 - Scheme of biodegradation of straw lignin

Samples were taken every 5 days and analyzed for residual lignin and cellulose. The results
are illustrated in figure 4 and presented in table 1.
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Figure 4 - Monitoring the amount of lignin and cellulose of straw during biodegradation by S.
commune culture for 20 days

Table 1 - Monitoring of the amount of lignin and cellulose of straw during biodegradation by S. commune
culture for 20 days

Cultivation time, days Lignin content, % Cellulose content, %
1 17.61 41.24
5 15.19 40.88
10 13.91 40.34
15 11.43 40.02
20 9.09 39.06
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Studying table 1, we can conclude that the biodegradation of straw lignin by S. commune
culture is possible, while due to the addition of an excess source of carbohydrate in the form of a
glucose solution, the cellulose remains practically untouched.

In addition to quantitative methods of analysis for the residual amount of lignin, images were
taken on a scanning electron microscope to assess the change in the structure of the straw before
biodegradation (figure 5a) and after the biodegradation process (figure 5b).

a) 20kV/7 | X100 100pm.

Figure 5 - Change in the structure of straw chips a) before biodegradation, b) after biodegradation

The figures show changes in the structure of the straw. If before the process of
biodegradation by the S. commune fungus, the straw had a homogeneous integral structure, then
after biodegradation, the structure of the straw became loose, heterogeneous, some sections were
divided into smaller particles, which allows us to conclude that this wood-destroying fungus is
able to break down lignin-cellulose bonds in straw.

Thus, it was found that in the control sample the lignin content was 17.61% by weight, by
the end of degradation, on the 20th day - 9.09%, which is almost two times less than the initial
amount. Also, the size of straw grinding - up to 45 microns - influenced the positive indicators of
lignin biodegradation. The results obtained are optimistic, since in a similar scientific work with
this microorganism culture, the authors managed to achieve straw lignin degradation by only 21%
[14]. Accordingly, it can be concluded that this method of using the culture of S. commune in the
pulp and paper production and processing of agricultural waste is relevant and promising.

Conclusion

The presented results of this work serve as evidence of the biodegradability of straw lignin
by the culture of the wood-destroying fungus S. commune. According to the studies, on the 20th
day of cultivation of the fungus at 25°C on straw crushed to 45 microns with the addition of
glucose, the amount of lignin decreased from 17.61% to 0.09%. The biodegradation of lignin can
generally replace the mechanical and chemical methods of pre-treatment of raw materials in pulp
and paper production, which will significantly reduce the cost of expensive reagents and reduce
the amount of harmful industrial emissions into the environment.
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