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NCCNENOBAHUE BE30MACHOIO OBPALLEHUA C MULEENUANLHBLIMU
OTXOAAMM NPOUN3BOACTBA JTUMOHHOU KUCHNOThI

RESEARCH OF SAFE HANDLING
WITH MYCELIAL WASTE OF PRODUCTION OF CITRIC ACID

T. U. Cokonoea, T. B. WUinbipko
T. Sokolova, T.Shpyrko

Odecckan HayuonansHas akademus nuwessix mexroroaud,
2. Odecca, Yxpauna
taiasokolowa04 1@gmail.com

Odessa National Academy of Food Technologies,

Odessa, Ukraine

B nmuniesoit npomsiuaentocty JHMOHHAA KUCI0TA HIPAET BAXKHYIO PONb, OCTABNAS BOMNPOCH! yTHAA3ALUM
OTXO/0B IPOH3BOLCTBA OTKPHIThIMU. [Tpu TIPATOTOBACHUH KHCOTBI HCTIONB3YeTCs GOsTbIIE ChIPbA, YeM NONYHAIOT
TOTOBOH NPOIYKLMH Ha BBIXOZE, NpH 3TOM 06pasyercst GoMbILOE KOMHIECTRO OTXOAOB, HETATUBHO BAUSIOUINX HA
OKPYKAIOULYIO CPEAY, CpenHt HuX: pUnsTpar QUTPATa KaBUNS, THIICOBBIA WITaM ¥ MHLETI rpuba Aspergillus niger.
Orxozb1 MuLens nosenmaer YPOBHH OITaCHOCTH, 3ar p3HsA IOYBKI H TOA3EMHbIe BOZIBL B MecTax XpaHenna. [ensro
AAHHOTO MCCACNOBAHMS ABNSETCA TIOMCK HOBBIX BO3MOXHOCTe!T 111 BTOPUYHOTO MCHOMb30BaHAS OTXOIOB B Mpo-
MBILUNEHABIX H CENbCKOXO3AMCTBEHHbIX chepax. Ocoboe Bunmanue YACICHO BBIACICHHIO XUTHHA M XHTO3aHa M3
cocrasa rpuba Aspergillus niger n HOPMHPOBAHHS XHTHHOBLIX MICHOK ¢ UCIBIO N0y YeHHS NPOAYKTA CO cTabHIIb-
HBIM XHMHYECKHM COCTABOM HE3aBHCHMO OT KAyecTsa HCXOZtHOH GroMaceel rputa, mis s(pdexThrHOTO yripasnenns
LIPOUECCOM YTHIM3ALMH,
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In food industry, citric acid plays an important role, leaving the issues of waste disposal open. In the preparation
of acid, more raw materials are used than finished products are obtained at the outlet, and a large amount of waste is
produced that negatively affects the environment, among them: calcium citrate filtrate, gypsum sludge and Aspergillus
niger fungus mycelium. Mycelium waste raises hazard levels by polluting soils and groundwater in storage areas.
The aim of this study is to find new opportunities for waste recycling in industrial and agricultural sectors. Particular
attention is paid to the isolation of chitin and chitosan from the composition of the Aspergillus niger fungus and the
formation of chitin films in order to obtain a product with a stable chemical composition, regardless of the quality of
the fungus initial biomass, for efficient management of the disposal process.

Knoueeoie ciosa: numonuas KHcnoTa, muenuit rpuGa Aspergillus niger, XWTHH, XHTO3aH, XHTHHOBBIE TUIEHKH,
(UNETPAT KANBLUMS, TUIICORBIA LILJIAM,

Key words: citric acid, Aspergillus niger fungus mycelium, chitin, chitosan, chitinous films, calcium filtrate, gypsum sludge.
https://doi.org/10.46646/SAKH-2020-2-427-43 |

brotexHonoruueckoe npoH3BOACTBO NTMMOHHOIH KHCIIOTH BAKHAS COCTABIAIOWAN UTA TIMILEBOI TPOMBILTEHHO-
CTH, HO BMECTE C 3THM OCTPO BCTACT BOTIPOC YTHIIH3ALIH OTXOIOB NponseoacTBa. [UId ee nosty YeHns UCTIONB3YIOT 00beM
CLIPbA U BCNOMOTATENBHBIX MATEPUANOB B HECKOILKO a3 TMPEBLILIAIOUIAN BBIXOA FOTOBON NPOXYKLMA. Ipu nponzeoxn-
CTBE 00PA3YIOTCA CTOYHBIE BOIBI M ONACHBIE 115 OKpY3Karoued cpeabl oTxonst. Cpenn HUx: $unbTpar nurpara kansuus,
TUNCOBRIH 1AM 1 MALennit rpnba Aspergillus niger,

Munennansryio Gromaccy rputa Aspergillus niger ncrione3yror kak N06aBKy K KOpMaM KHBOTHBIM. Cripoit (snax-
HOCTBIO 75%) MuLennit GbicTpo pasmaraercs, Masno XPAHUTCS U UCTIONBL3YETCs Yalle B SUMHUM M BECCHHUI HEPHOIBI
TONa, TaK Kak €ro BbICYLIMBAHHE HelenecoobpasHo. [osTomy muuenuit sensercs NaryGHBIM OTXOZOM, YTO TIOBRILIAET
YPOBHM ONIACHOCTH, 3aIPA3HAA TIOYBL! M NIOA3CMHDIC BObl B MECTaX xpaneuus. [1]

Tlonucaxapuapr - XWTHH, XMTO3aH U MIOKAHE] BXOZAT B cocTar rpuba Aspergillus niger onn 0BpazyroT xuTHHCcOnEp-
HKAMUE KOMIUIEKChE. MeTOAbl BEIASTCHUS 3TUX KOMILIEKCOR BasupyroTes Ha ucronL3oBanuy KOHLICHTPHPOBAHHBIX KHC-
JIOT ¥ LIENIOUEH, CONPOBOXKAAOLIHECH OGPA30BAHMEM 3HAIUTENEHOTO KOJIM4ECTBA LIEIOUHBIX CTOYHBIX BOH. XHMHUECKH
HUCTLIMU UX BBINEHTH NO NaHHBIM METOAHKAM - HEBO3MOKHO, HOTOMY BOIIPOC 11epepaboTKi MULETHATILHBIX OTXOIO0B
TIPOM3BOACTBA TUMOHHON KHC/IOTbI B MPOYKTEI IECHEBOTO HA3HAYCHHNS SBISETCS AKTyalbHbIM BONPOCOM B MPOH3BOI-
CTBC JINMOHHOWM KHCIIOTBI, YTO HO3BOJIHT HE TOIbKO YIyHIIHTE SKOHOMHYECKHE [I0KA3ATeIIH TIPOU3BOICTBA, HO 1 obecie-
HHTH NOBLILUICHHE YPOBHSA PETHOHANBLHON 3KOIOTHUECKOH 6e30aCHOCTY,

Ha ceronns, yuntsigas otcyrersue B Yrpante >QHeKTHBHON yTHIH3AUMHE MULE/THANLHBIX OTXOJIOB, TIPENNIPUSTH-
AM, KOTOPLIC NIPOH3BOAST JIMMOHHYIO KHCIIOTY, HeOGXOAHUMO TPaTHTh 3HAYMTENLHbIC CPEACTBA Ha 00E3BPEIKHBAHUC OT-
XOAOB M OYHCTKHU NONEH (PUIBTPALMH, HTO B 3HAUMTEILHON CTENCHN BANACT Ha PeHTAbENLHOCTE ITOTO MPOH3BOICTEA.

PaBora nocsinena paspaGotke sxonoruyeckn BesonacHoi TeXHONOMMH YTHAN3ALMY MULEAHATEHBIX 0TX0108B 1o~
TEXHOJIOTMHECKOTO NPOM3BOICTBA JIMMOHHOM KHCIIOTHI ¢ TIO/TyHCHHUEM TOJIE3HOIO BTOPHYHOTO [POAYKTA - XUTO3AHA.

TIpon3BOnCTBO AUMOHHOM KUCIOTHI - GONBILION HCTOYHMK 0DpA30BAHMS BIOPHYHBIX CHIPLEBLIX pecypcos u orxonos. ITpu
TPOMZBOICTEE TUMOHHON KHCITOTHI MUKPOGHONOFMUECKHM METOIOM C TIOMOLUIBIO TLIECHERBIX TPHOOE OOPA3yIOTC pasnuIHLIe
10 XMMHUHECKOMY COCTaBY OTXOIb!: (DMIILTPAT UIMTPATA KAILLIS, MMTICOBDIN LTAM 1 Muuennii rpuba Aspergiltus niger.

Ipu cuntese | TMMOHHOI KHCTOTEI obpasyercs npumepro 14 T orxomos ¢ Pa3INYHBIM XHMHUYECKHM COCTAROM.
B pacuere Ha | T 1MMOHHON KMCIOTB TOMyHatoT: UNTpaTHBIH dunbtpar - 0,8-1,2 1, Harypanshoro $unsrpara - 9-12 M,
runcosoro wmama - 1,3 1. muuenns rpuGa Aspergillus niger -0,2-0,6 7, okcanara Kanpmus - 3 9%, GepnuHekoit nazypy -
0,2-0,7%. B dunvrpar nepexonst NPOAYKTEI MeTabomM3Ma rprba, 3a HCKIIOYEHHEM OCHOBHON MACChI JIMMOHHOH 1 1a-
E€JICBOIt KHCJIOT, KOTOPhIE OCaMAAIOT H3BECTHIO B 1TpOLECCe HeTPANHIALMH KYABTY paTbHOMN SKUIKOCTH ¥ PacTBOPUMBIX
npumeceii M3BeCTKOBOrO MO10Ka. Ha 33B0aX THMOHHOM KHCAOTH] (uasTpar Beinapusaior 10 55-77%-#oro coaepkaHus
CyXxux pewects. KonneHTpuposantbiit gunbrpar - 570 Temuas n TYCTad UAKOCTE C KHCII0-CONEHBIM BKYCOM H 3aliaxoM
AOKEHOTO caxapa. Tlpu ucnapeHnu B ycrnosusix pazpexeHus GUILTPaT MaJIo MeHseTC. Tpu naenenun Boiwe armocdep-
HOTO, Conepikanue aMHHOKHCIIOT yMeHbLuaeTcs Ha 40%. B 3aBUCHMOCTH OT TWATENBEHOCTH YAANEHUA TUMOHHOM KHCIIO-
Thl B OTPAGOTAHHOM MHLE/MH OCTAETCSA PA3HOE €€ KOTHYECTEO,

Vicniombsopanve mMuuenns kax ynobpenus CNOCOGCTBYET POCTY pacTeHuil. ®umrtpar nocne cryienus HCTIONB3YHOT Kak
100aBKH K KOPMAM JKHBOTHBIX ¢ LIE/IBIO YBCIMHCHHS IPOTENHA 110 25%, KOTOPEIL CONEMKHT BCE HE3AMEHHMbIE AMUHOKHCJIOTEL.

EAMHCTBEHHBIM HepocTaTKOM ynapedsoro ¢gunsTpara asasercs conepxanue 4,5-6% kanus, conu KOTOpOTO He-
FaTHBHO BITUAIOT Ha KEeNMYI0K )KHBOTHBIX, BCIEACTBHE YCTrO NpUMEHEHHE GUIBTPATA OrpaHUYHBACTCH. Kpowme toro, npu
YBEIMMCHUN 10361 QUILTPATA B PALHOHE KUBOTHBIX HAGMIONAETCS CHHKCHUE CYTOYHOTO NPUPOCTA X BECA, CHIKERUE
TIEPCBAPHMOCTH a30Ta M JKHPA, A TaKKe NPOSBIEHHE NPYTHX HeKeaTe/bHBIX ABIEHNA. BomapeHneit Gpunsrpar MoxkHo
CMCILMBATE C YaCTHYHO MOACY WEHHBIM MULENHEM rpuba Aspergillus niger u nonyuars CYXY10 KOMOHHMPOBAHHYIO KO-
MOBYIO OOABKY MIIM CMELLIHBATE HX HEMOCPENCTBEHHO NEPeN CKapMIHBaHHEM KHBOTHBIM. CyTouHas HOpMa (HIikTpara
cocrasiset 0,6-1,3 Kr Ha OHO KMBOTHOS.

Cyxoii munenmii pexomennyercs TIPHMEHATH B NPOM3BOACTEE Pa3/IMYHBIX BHICOKOKAYECTBEHHEIX CTPOHMTENBHEIX H HO-
POHHBIX Marepuanos. Ilpn nponssoncree kupmiua u KCpaM3MTa OH 3aMEHACT IOPOrHe BoINOpaIoLe 100aBKy opraHmye-
CKUX BEILECTB, YBE/INYHBACT IPOYHOCTH KAPNMUa Ha 7-10% H CHIDKAeT ero o0pemHyI0 Maccy.
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Ha nepeom stane Grnomaccy rputa Aspergillus niger o6paGarsisamu 2H HCI, anst naneHeiimeit 06paboTku, KoTo-
PY10 NPOBOAMITH B TeueHHE 35-45 MUHYT, HCNONB30BAN CMECh PEAreHTOB (IETEPreHT, WeEA0ub HH3KOH KOHLEHTpALWH,
31aHoN) npn 96°C. JleaueTnanposaHie NpoayKTa NPOBOHITA obpaboTkoii 20-25% wenounlo B TeueHue 1-2 YacoB npu
temneparype 100-110°C. B koHiie npouecca XMTO3aHIIOKAHOBBIE KOMILIEKCHI OTMBIBAIHCEH OT LUEN0YH CITUPTAMU B He-
ThiPE 3TaNa, a 3aTeM JMCTHIMPOBAHHOMN BOMOI.

CymecTByeT METOZMKA MOJTYYEHHs] XATHH-TITFIOKAHOBBIX KOMILIEKCOE, KOTOpast BKITIOYAET ABOHHYIO 06paGoTKy MuLie-
JaneHoR Guomaccel 6%, a 3arem 3% pacteopom NaOH npu Temneparype §5-95°C B teuenne 2-3 uacos. Jlanee, nocne
TIATEILHOH TIPOMBIBKH BOIOH, 0GpasLibl BBIACPKUBAIOT B TEUEHHU JIBYX YACOB B HarpeToM a0 remmneparypsi 50-60°C IM
pacteope HCl ¢ nobaenennem H,0,. W3psT1e NMNUI0B NPOBOAST IKCTPaKLHeH OpraHu4ecKuMu pacTeoputensmu. [1, 3].

Hpyroii MeTOA M3BAEYEHHS XUTHH-ITIOKAHOBBIX KOMILIEKCOB (aanee— XTI K) ¢ munemmanesoit Snomacce rpuba
Aspergillus niger 3akmouaerca B nocnenosatensHoll 0GpaGoTke GHOMacChl CepHBIM 3(UPOM, MHOTOCTYNEHYATOH 06-
pabotkoii 6% pactBopom NaOH u 2% pactsopom HCl, u TIPOMBIBKE BOZOH HOCTE KAXKIQIO ITANA K HeHTPaTbHBIM 3Ha-
uenusiM pH. Coracho nannomy crocoSy Beixon XI'K cocraemsier 49% or Cyx0it GHOMACChI, @ COlEPKAHNE XHTHHA
B Kommiercax 81,6%. Ilpu naneHeiueil 06paboTie XHTHH-ITIIOKAHOB KOMIUTEKCOB B TEYeHMe onHoro yaca 47% pacteo-
pom NaOH npu 140°C B Toke azora, npoHcxonut DEeAUCTUIIMPOBABHE XUTHHA, KOTOPBIT BXOIHT B COCTaB KOMILIEKCOB,
1 00pa3zoBaHHE XUTO3AH-ITIOKAHOBBIX KOMILIEKCOB.

Meronyka nonyuenms XMTHH-IIOKAHOBBIX KOMILIEKCOB, KOTOpast Gbia penoKeHa KoraHoM 1 coTpyaHuKaMu, pest-
yemarpugaet 00paboTKy MuULETHATEHBIX OTNOIOB rpuba Aspergillus niger ropsauM 1M BosHeM pacteopom NaOH B reve-
HHE OIHOTO 4aCa, NOSTANHYIO 5-TH KPATHYIO [IPOMBIBKY NIPOYKTa IMCTUIPOBAHHOMN BONOI, 8 TAKKE NPOMBIBKY QUETOHOM
B KOHUE npouecca. [TomyueHHble XUTHH-IMIOKAHOBbIE KOMILIEKCHI coiepxar 2,24% a3ota, cooteeTcTRYET 30% XHTHHA. [4]

Ha ocHoBe npoBeneHHOro aHaIM3a TMTEPaTyPHbIX HCTOYHUKOB YCTaHOBIICHO, YTO BCE CYLIECTBYIOLUME B HACTOALIECE
BPEMA MCTOIMKH M3BIEYCHHUS XHTHH- U XMTO3AHCOAEPIKAUMX KOMITIEKCOB C MHIE/THATBHBIX OTXOIOB rpuba Aspergitlus
niger Ga3supyIOTCS HA MCMIONBL3OBAHHH KOHLICHTPHPOBAHHBIX PACTBOPOR KMCIOT M miesouei (40-60%) 1 GonbLioro ko-
JUMECTBA pacTeopHTenell. B CBA3M ¢ 3THM, aKTyanbHEIM BOTIPOCOM SBISETCA MOAN(DHKALNS H3BECTHBIX METONOB H3-
BACYEHHA ICHHLIX XHTHHCOAEPXKAIIHUX NPOIYKTOB M3 MULETHANILHBIX OTXO/IOB, HCTIO/b3Ys HEOPOTHE M AOCTYIHBIE XH-
Mudeckne peareHThl. Ilocne okonuanms npouecca GpepMeHTaLMN MULETHANLHBIE OTXOdb! He MOTYT JONTO XPAaHHTLCH,
TOSTOMY BOSHHKAET HEOOXOMMMOCTS B Pa3paboTke METOOB NepepaloTkH oTpaboTaHHOI GHOMACCHL 3a KOPOTKO€ BpeMsi.

Tpuponueiii nonucaxapun XMTo3aH NCHOML3YIOT B CaMbIX pazHoOGpasHEIX 0GNACTAX NPOMBILIICHHOCTH, XHTO3aH
HETOKCHYEH, GHOCOBMECTHMBII H JIErko GHOZErpaaupyeT B OKpyKaloLIes cpene. ITOT NONTUCAXAPU/ HMEET LieHHbIE G1O~
FIOTUECKUE CBOHCTBA: MHMOMMITNAEMHYECKHUE, FeMOCTATHYECKUE, PETEHEPHPYOLUUE 1 panozasxusasrowmue. OTciona Bbl-
TCKAIOT OCHOBHBIC HANPAB/ICHNS €r0 IPUMEHEHHS B MEMLMHE 1 GHOTEXHONIOTHAX: KAK PEryIATOpa THIHAHOTO obMeHa;
KaK reMOCTATHHECKOTO 1 PAHO3KHBIIAOLUETO CPEACTEA; KaK HOCHTENs JICKAPCTBEHHBIX CPEICTE M BAJ,

HI3BECTHO, 4TO M3 KICITBIX PACTBOPOB XHTO32HA MOKHO AOCTATOUHO JErKO (opmMupoBaTE NIeHKH. B KauecTee Chiphs
AOKa3aHa BO3MOXKHOCTb HCINONB30BAHMA XHTO3AHA U3 OTXONOB MULEIUAILHBIX IPHOOB, YTO 3HAYMTEIHHO YMEHBLOAET
CTOMMOCTE MONY4EHMS XHTO3aROBBIH TeHOK. C Lenbto pa3paGoTKH criocoba perynupoBanms PacTBOPUMOCTH K HabyXa-
HUS XHTO3AHOBBIX IIEHOK B BOAHBIX CPenax, NPOBEACHO HCCHENOBARNE TIpoLEecea TepMOOOPatOTKY X NOAHOCHOBHbIX
Gopm. Breperle nokazaHo, 4T0 TepMooGpaboTKa conell XMTO3aHa ¢ KapGOHOBBIMH KHCAOTaAMU COMPOBOXKAAETCSA KOHKY-
PUPYIOLINMH PEaKLHAMH AMHHUPOBAHUSA 1 CUIMBAHHS.

MeToauku oMy YeHns pacTBOPOB XUTO3aHA K AabHeliee OPMHpPOBAHHIE U3 HUX ITEHOK NIPEHMYLIECTBEHHO ocy-
HIECTRIIAIOT M0 CyXOMY CTIOCOOY, XOT3 MOy HEeHHE IUTEHKH 110 MOKPOMY criocoy Taikske BO3MOKHO, HO FIO KOJIOMHYECKHM
1 SKOHOMHYECKHM COOGPAKEHHSM B HACTOSLIEE BPEMS JAHHBIA CHOCOD MOMTH He UCAOMNB3YeTCH.

Peonornueckue XapakTepucTHKN PacTBOPa, KOTOPHIE 3aBUCAT OT MONEKY/IAPHOH MacChl M KOHIIEHTPALINK TIOIUMEDa,
BKHBI TEXHONOTMMECKUMH TapamMeTpaMu POLECca H3TOTOBNCHNS TIEHOUHbIX MaTepratos. Mccaenopanie peosnornue-
CKMX XapaKTepHCTHK PACTBOPOB XHTO3aHA B ALICTATHOMN KUCIIOTE, & TAKKE H3MEHEHUe MOeKYJISIPHON Macchl HOMMEPa
B XOA€ pACTEOPEHHA H NOMYEHNS NNEHOK, 0COGEHHO NPH NOBLILICHHOI TeMNepaType, NpeacTaBAseT GonbIIoi HHTEpeC.

XuTO3aH, KOTOPHIN HCIIOb30BACA B JAHHOM MCCNEIOBAHHM TIOMHOCTEIO PacTBOPSIICA B pa30aBIeHHBIX PACTBO-
pax MypaBLMHOM, aLeTaTHOH, NPOTIMOHOBOMN M CONAHOI KHCIOTAX, 06pasys mpo3pauble, CAETKa KEATOBATONO UBETA
BSI3KME PacTBOPEI.

Hockonbky B 51a60paTopHbIX YCAOBHAX 06eCeUeHns HEOBXOTUMOI TOMOTEHH3ALMY, AeadpaLiy i creneHd GUaLTpa-
LU TAKUX BRICOKOBA3KMX KOHLECHTPHPOBAHHBIX PACTBOPOB NMPEICTABNAET TPYAHOCTH, TO AN (OPMUPOBAHHA TUIEHOK HC-
101530811 2% PaCTBOPBI XMTO3aHA, XOTA B [IPOMBILLICHHBIX YCIOBHAX MOCYT ACTIONB30BATLCS W BOniee BA2KME PACTROPEL,

JlanHbie 0 KUHETHKE UCTTAPSHUS PACTBOPUTENA TIPH BBIGPAHHOM COCTaBe (hOPMOBOUHOTO PacTBOpa U TeMAeparyp-
HOM pestMe, a TAIGKE H3MEHEHHE COCTaBa [UICHKU B NPORECCE €€ CYIUKH 1 TepMooGpalboTkH, HeobXOaMMBIE 1ia pa3-
paboTky pexitMa nx GopMHPOBAHNS U TepMoMonrrHpoBanus. Ecin gopmosounIiy PacTBOp, MOCTEMNEHHO BEICKIXas
H NPEBPALIAICH B TLICHKY, HE NONANACT B 0GNACTb FeTEPOTEHHOCTH U He ENUTCA Ha (asbi, TO B pesynerare nnexka Syner
HETIOPHCTOM, MPO3PAYHOI # ONHOPOAHO.

B skcnepumente no ouerke cxkopocT ncnapenus PAaCTBOPUTEIIA B Ka4eCTBE MCXOAHOIO PacTBOpa HCTIONB30BAN
2%-#i pacTBOp aLETATOKMCIONO XUTO3aHa, CYIIKY KOTOpOro mposoauiy npu 65°C Gez o6ayea. Tomuuna cros pacTeopa
XHTO3aHa ObuTa BEIOGpaHA TakuM 06pa3oM, YTOGHI IUIEHKA HMeNa TonmuHy 40 Mxm. OfLiee KOIMYeCTBO pacTBOpHTE-
J1sl, KOTOPBIA MCNAPHIICS, ONIPEAEIISIA BECOBRIM METOAOM, a KOJIHIECTBO KHCIOThL, KOTOPas NCHapsTach, pacCuHThIBAMIN
f0 TAHHBIM NOTCHLHOMETPHYECKOrO THTPOBaHHA. B yKasaHHbIX yc/1oBHsX yike uepes 1,5-2 yaca ucnapsercs 70-75%
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PACTBOPHTEIIS M NIIEHKa U3 XHTO3aHA B CONEBOM (POPME BBICHIXAET HACTONBKO, HTO €6 MOXKHO CHAMATD C TIOUTOXKH 1 non-
BEPrarh JAJLHEHLINM Onepauusam.

Hasmune oGaysa, nosbiuieHie TeMneparypst 0 KOHUEHTPALHHA pacTBOpa XHMTO3aHa NO3BO/AOT CYLUECTBEHHO YCKO-
PATL NpoLece 3aTBepeBanusa MieHoK. C 6%-ro pacTBopa npu Temieparype 051y BOYHONO Bo3nyxa 75 + 5°C nenxa ton-
LIHHO#T 40 MKM MOXET 3aTBepeTh 3a 7-10 MUHYT, 4TO ABISETCH BIOTHE TPHEMIIEMEIM [U1s1 TEXHOJIOTHUECKOTO IIPOLIECCa.

COBOKYIIHOCTb NMOJNYYEHHBIX JAHHBIX MO3BONAET CHENIATH cneayrouue BiBoabl. Tlocne oxonyanus nepsoro yaca
CYLIKH COCTAB CHCTEMBI MEHAETCA MaJlo, OAHAKO CHCTEMA MIEPEXONT B reneobpasHoe COCTORHME, H CKOPOCTh HCTIapEeHHS
PacTBOPHUTENA, B YACTHOCTH, BOIBI CHIKAETCH.

CxopocTb ucnapeHus BOAbI CYLIECTBEHHO MpeBbILaeT CKOPOCTb MCHAPEHHs aLCTATHON KUCIOTHL. MeHbinas cko-
POCTE HCTIAPCHIS AUETATHOH KUCIIOTHI, OGBACHAETCA HE TONBKO MEHBIIEH €€ IETYECThIO, H TEM, YTO XHTO3aH SABJAETCS
NONMOCHOBOMH, Kak M KHCJIOTa, KOTOpas, KaK M B PAcTBOpE, TAK M B IVIEHKAX, CBS3AHHASA C aAMHUHOTPYNIAMM XMTO3aHa,
HTO 3arpynmser ec ucriapenue. Ilocie 3arsepneBaHns MICHKH M NOCTHACHUS TIPUMEPHO 3KBMUMONILHOTO COACPIKAHHUS
B HEH AUCTATHOMH KHC/IOTBI M XMTO3aHa, AAbHERIIMI Nporpes YKe HE PUBOAHT K MCHAPEHUIO KMCIIOTEL, B TO BPeMs KaK
CONEpKAHNE BOZBI NIPOAC/DKACT [AaTh NPAKTUYECKH 10 Hy/s. TTonnoe ynaneHne KMCIOTH! 1 liepeBosa NneHokK B gop-
My TOJMOCHOBBI OCYLLECTBAACTCA 0GPabOTKOMN LIENOUBIO ¢ HOCAEAYIOWMM IPOMBIBAHHEM JUCTHIUTHPOBAHHOM BOnoii
W CywIKoH, mocie Yero NeHKa MoABepraeTcs TepMoobpaboTke. Crneftyer oTMeTHTSB, YTO MOCTE TepMOOGPaGOTKH, LBET
TUICHOK H3MECHUJICS 110 JKENTOTO, SIPKO-XKEATOTO M JAKE KOPUYHEBOTO HBETA, B 3aBHCUMOCTH OT TEMIIEPaTypsI IPOrpesa.
Bce TepmoobpaboranHble NuTeHKH BU3YabHO OCTANMCH MIACTHIHBIMK M ApOUHBIMH. J1N1d OnpeseNieHns 0CTaTouHOI Kuc-
JIOTBL A AMMHOTPY I HCTIONB30BAICS METOA NOTEHLMOMETPHYECKONO TUTPOBAHKL.

He MeHnee BakHOMN XapaKkTepHCTHKOI sSBASETCS MOJICKYIApHas Macca nomuMepa. OueHka HIMEHEHHS MONEKYISPHOI
MACCh! XHTO3aHa B nipougcce popmuposanus u TepmoobpaGoTku npeacrasnser MHTEPEC NO psny npuuuH. Bo-nepoix,
H3MEHCHHE MOMEKYIAPHON MACCHI TORNTHAET HA XAPaKTEPUCTHKH NOTOBOM NPOIYKLHH, & BO-BTOPBIX, OHaA TIOMOXKET WIACH-
TH(HLMPOBATE MEXAHH3M JECTPYKIIMH, KOTHYECTBO HAKOIIICHHBIX NIpH 3TOM KOHEUHBIX IPYHN H CIIPOTHO3MPOBATh UX
AasbHedie npeobpazosanusd. Kak n3sectro, necrpykuus NOJMMEPOE MOXKET NPOXOAHTL MO MEXAHH3MY [eNOaNMEpH-
3alliH, HTO IPUBOIMT K IIOTEPE MACChI MONMMEPA H CHIDKEHHH €0 MOJIEKYNIAPHON MacCh! Ha HAYa/IbHBIX cragmax. [opaz-
A0 CHIBEHEE MOJIEKY/IAPHA MAcca MAJAeT, €C/i ASCTPYKLMA IIPOTEKAeT No CITyMaiiHOMY MEXaHM3MY WIH NPH pasphine
Hanbosee cabbiX WM MEeXIyLENOYHRIX B3N, [5]

HecmoTps Ha To, uTO 110 AUTEpaTYpHBIM AaHHBIM TEPMOACCTPYKUNA XUTO3aHA IPOUCXOAUT [IPH TEMIIEPATYPE BbILLE,
UM NPOBONUTCA TEPMOMOLM(PHUKALIMS ILTEHOK, TIOKEIITEHHE HX, OYCBHIHO, OTIACTH CBAZAHO C NI POTEKAHHEM TEPMOOKHC-
JINTENBHOM IECTPYKUKA NofuMepa. OLeHka Ny6HHbL 3TOro npoLecca IpencTasifeT GOAbIIOH HHTepeC, NOCKOILKY OH
ONPEeNSIET U3MEHEHHE CTPOCHHSA XHTO3aHA,

OnHOBPEMERHOCTH POTEKANMS TEPMOIECTPYKUMU U AATBHEHIIETO npeobpazosanus KapSOHMALHBIX IPYNII, 4 TaK-
K€ HEPACTBOPUMOCTH NOMYUEHHBIX TIPOAYKTOB M HEBOIMOKHOCT OTIPENIEIIEHUS UX MOTICKY/ISIPHON MacCHl ielaeT HeBO3-
MOKHBIM [POBENCHNE OLCHKH U3MCHEHHS CONCPHKAHUA JaKe OCTATOUHBIX KapGOHUIBHBIX FPYII 3& CYET ACCTPYKUUH
MaKpOMOIEKyJI.

Cpasnnsas naunbie, noNyYCHHbIE ABYMS METONAMH, B LEIOM, MOXKHO CAC/AT BBIBOA, YTO Ha OCTATOMHOE Coflepsa-
HHE KHCJIOTE B TUICHKAX BIMACT TEMIIEPATypa H BPeMs TepMooSpaGoTKH IUIeHOK. COBOKyNHOCTS JaHHEIX, TIOMYYEHHBIX
€ MCNIONB30BAHMEM METONOB TIOTECHLMOMETPHYECKOIO 1 KOHLY KTOMETPHYECKOrO THTPOBAHMUSL, & TAKKE BUCKOIUMETPUH
TO3BOIMIIM Y3HATE O COCTABE XUTO3AHOBAIX TUICHOK, & Takike 06 H3MEHEHAH XHMHUUYECKOro CTPOEHHA nosTMepa. XHUMH-
HCCKHE MpeBpalleHIH, NPOTEKAIOIIHE NPH TepMooGpaboTKe IICHOK, BCETNIA COMPOBOKIATCH H3MEHEHHEM HX CTPYKTY-
PBI A PM3MUECKUX CBOCTE.

B pa6ote npopomuiu aHanmms Bo3neicTBA GHOTEXHOTOTIHECKONO TIPOM3BOACTBA JIMMOHHOM KMCOTBI M MECT CKIla-
AMPOBAHHA MULEIHAILHBIX OTXO00B HA KOMIIOHEHTHI OKPYXarolileil Cpe/bl Ha OCHORE IKCOEPHMEHTANTBHBIX HCCTIEN0BA-
HUi QH3UKO-XUMHYECKUX CBOHMCTB MULIE/HATEHON GHOMACCHT rpuba Aspergillus niger.

lpn onenupannu Bansiuna npennpustuii no TIpOH3BOACTBY JINMOHHOI KHCIIOTbI HA KOMIIOHEHTBI OKPYXKAlOLIEH
CPEAbl PUMCHAN CTaHAAPTHBIC METOLHKH XHMHUYECKOIO aHAM3a IIPol BOb! U TIOYB, PACYCTA PACCECHBAHMSA 3arps3Hs-
HOUWX BCLUECTE B IPU3EMHOM Crioe atMocepsl. J1is npeasaputensHON MOAroTOBKY 1 onpeseneHns CBONCTB HCXOAHOTO
ChIpbA HCTIONB30BATH KINACCHUECKHE METONIbI (DPHIHKO-XUMHYECKOTO TaGOPaTopHOTO aHaTH3a, JKcnepuMeHTaNLHBIE HC-
CICIOBAHNA XAPAKTEPUCTHK [OJYHEHHOMO BTOPUYHOIO ChIPbs (XHTO3aHA) MPOBOSUIM METOXAMM HK-cnexrpockonun,
THTPOMETPHYECKHX, POTOKONOPHMETPHIECKHX, NOTEHIMOMETPHYECKHX 1 KOHJIYKTOMETPHUECKHX aHann30B. CROjicTRA
TIOYHCHHbIX XHTO3aHOBBIX IUICHOK MCC/ICAOBAIH METOAMH PEHTreHO(a3HOro aHamM3a, AICKTPOHHON MHUKPOCKOMAH,
TpasnMeTpuy 1 MIK-CeKTpoCKOTHH Mo MeTonMKaM, KOTOpEIE OTBEYAIOT MEKTOCYAAPCTBEHHBIM CTAHAPTaM.,

Pesynbrarel akcriepuMenTanbHbiX HCCAEQOBRHUI 08paGoTaHb! METONAMM MATEMATHYECKOTO aHAIN3A U BEPOSITHOCT-
HO-CTATHCTHYECKUMH METOZAMHU.

B pesynsrare uccnenosannii, nayuno 060cHoBana UenecooGpasHOCTb MepepaboTKK OTXON0B GHOTEXHOIOMNEECKOTO
TIPOM3BOACTEA TMMOHHOM KHCTIOTBI, UTO TIO3BOIAET NOBBLICUTh YPOBEHD IKOIOTHYECKOH GesonmacHocTH 3a cueT cokpaine-
HAS BBIOPOCOB BPEIHBIX BEWECTB C TONel GuIsTpauHy 1 cHIKeHHE 0GbeMOB 06pasoOBaHHA OTXOIIOB, @ TAKKe MOy YHTH
HPOLYKT HEICBOr0 HA3HAYCHHS - AMWHOTOIMCAXAPHA XMTO3aH, YCTaHOBICHDI 3a8KOHOMEPHOCTH nipoLiecca 06paboTku
MHUCIHATBHBIX OTXOLOB € UEJTBIO TOYYEHHS IPOAYKTA CO CTaSHITBHBIM XUMHUUECKHM COCTABOM HE3aBHCHMO OT Kaue-
CTBA UCXOHOI Oromaccel rpuba Aspergillus niger, 4to nossonsier 2 deKTHBHO YnparnsTs npoueccom YTHIH3ALHA.
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