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MuIIeBbIX cucTeMm M. B.M. Top6atoBa PAH, CaukTt-IleTep6ypr, Poccus

Llenb paboThI 3aKIIOUAETCSI B U3YUEHUUM COPOILMOHHOI CITOCOGHOCTY XUTHUH U XUTO3aHCOIEPXKAIIUX MHTPEAVEH-
TOB, BbII€IEHHBIX 13 MuULenust rpuba Aspergillus niger. YcTaHOB/IEHO, UTO COPOIMOHHAS €MKOCTb XUTO3aHIJIIO-
KaHOBOI'O KOMIIJIEKCA 10 OTHOLIEHMIO K MOHaM CBMHIA U Meay (130-140 mr/T) 3HaUUTENBHO Bbllle, YeM Yy XU-
TUHITIOKAHOBOTO KoMIuiekca (50—80 mr/T). i30TepMbl cOPOIMI XOPOIIIO OMMCHIBAIOTCS TEOPETUUECKOI MOIENbIO
JIsurmiopa ¢ KosbduieHTom aetepmuHaimu R?= 0,996. [TokasaHo, YTO Me€XaHU3M COPOIIMM HA XUTUH- U XU-
TO3aHOBBIX OMOIOMMMEpPAX MMEET CJIOKHbBIN XapakTep 06pa30BaHMs XeJNATHbIX KOMIUIEKCHBIX COeIVHEHUI Ha
OCHOBE MOHHO ¥ KOOPAMHAILMOHHO CBSI3€ii.

PesynbTaThl McCIeS0BaHMIA CBUIETENbCTBYIOT O IIEPCIIeKTYBHOCTY MOMyYeHMs M3 MULleIMaIbHbIX OTXOL0B IPO-
M3BOJCTBA IMMOHHO KMCIOTHI XUTUH- Y XUTO3aHCOAEPyKAIIMX 6MOTIONMMEPOB (PYHKIIVOHATBHOTO Ha3HAUEHMS,
COp6LU/IOHHO&KTI/IBHbIX T10 OTHOILIEHMIO K MOHAM TSKEJIbIX MEeTa/IVZIOB M PaAMOHYK/INAAM.
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The goal of this study is to examine sorption capacity of chitin-glucan (ChGC) and chitosan-glucan (CsGC) bio-
polymer complexes extracted from the fungus Aspergillus niger mycelium. According to the findings chitosan-
glucan complex sorbs lead and copper ions (130-140 mg/g) better than chitin-glucan complex (50-80 ex mg/g).
Langmuir theoretical model with R2= 0,996 determination coefficient well describe sorption isotherms. It is
shown the chelate complex formation compound character based on ion and coordination bonds by chitin and
chitosan biopolymers is more complex. According to test results the production of chitin and chitosan containing
biopolymers from citric acid production mycelium by-products has a good future. The above biopolymers have a
functional use. Besides of that they sorbs heavy metals and radionuclide ions.

1. BBegeunue

XutuH (nmonn-N-auetun-1,4-D-mIoKo3aMuH), MpenCcTaBs-
IOIIM#1 CO6O¥ CTPYKTYPHBII aHAJIOT 1€JITI0I03bI, OTHOCUTCS K Ha-
1boJee pacIpoCTPaHEHHBIM B IPUPOJe a30TCOeP>KaIIVM IIOIK-
amMuHocaxapugam. XUTUH SIB/ISIETCSI OCHOBHBIM KOMITOHEHTOM
MaHIMpeil pakoobpasHbIX (KpaboB, KPEBETOK, KPUJIS), a TaKKe
BXOIUT B COCTAB KJIETOUHOI CTEHKU rpu6oB [1,2]. XUTUHY U eTo
JealleTUIMPOBAHHOMY ITPOM3BOOHOMY XMTO3aHY B HACTOsIee
BpeMsI yaensieTcs 0c060e BHMMAaHME B CBS3M C YHUKATbHOCTHIO
MIPOSIBJIIEMBIX MMM CBOICTB U LIMPOKUMU BO3MOXKHOCTSIMU UC-
TIOJIb30BAHMST X B GMOTEXHONIOTMM, MEeIUIIMHE, IUIIEBOI MPO-
MBIIIJIEHHOCTH, B CeJIbCKOM XO035I/CTBe, KocMeTonoruu [1,3]. 9tu
coenyHeHMs 00/1aal0T BBICOKOM 6MOI0rMYeCKOi aKTUBHOCTDIO,
PaHO3aXXUBJISIIOUIVMMY, TTPOTUBOOITYXOEBBIMU U PAAUOIPOTEK-
TOPHBIMM CBOVICTBAMM, CIIOCOOHOCTBIO CBSI3bIBATh M BBIBOAUTH
M3 OpraHM3Ma JUINIbI, XONeCTepUH, a TaK)Ke pasJINJHble TOK-
CMHBI U 6aKTepMM, YTO MTO3BOJISIET MUCITONIb30BATh UX B KauecT-
Be 3HTepocopbeHTOB. Biarogapsi HAIMUYMIO B COCTaBe BBICO-
KOAKTUBHBIX (DYHKI[MOHAIbHBIX aMUHOTPYII, OHU CIIOCOGHBI
06pa30BbIBATh XeJATHbIE COEOVHEHMS C KaTMOHAMM TSIKETBIX
MeTaUIOB ¥ PaAVIOHYKIUIAMU U cOp6MpPoBaTh ux [4]. Oco6eHHO
Ba)KHO, UTO 3TU IIPUPOIHbIE OMOIOIMMEPHI ITOJIHOCThIO G1opas-
JlaraeMbl ¥ 6e30MacHbI KakK i YeloBeKa, TaK U ISl OKPYysKaro-
et cpempl.
oyl UTUTUPOBAHUS: Hosuniok JI.B., Kynés [I.X., Herpyna .B., Benun-
30H I1.3. XUTUH- U XMTO3aHOBBIE OMOCOPOEHTHI M3 MUIIEIMATBHBIX OTXOIOB

MPOU3BOACTBA JIMMOHHO KUCTOTHI. [Tuujessie cucmemol. 2018; 1(2): 55-62. DOI:
10.21323/2618-9771-2018-1-2-55-62

B Hacrosiiee BpeMsl XMTUH IOYYalOT, IJTaBHBIM 00pa3om,
MyTeM 1epepaboTKM MaHIypeit pakoo6pasHbIX. B TO ke Bpems,
aJbTEPHATMBHBIM CbIPbEBBIM MCTOYHMKOM XUTMHA U €ro Ipo-
M3BOJHBIX MOTYT CTaThb MUIie/NMaabHble OTXOMbI IPOM3BOACTBA
MMIIEeBOi IMMOHHOM KUCTIOTHI [5]. I3BeCTHO, YTO B KJIETOYHOI
CTeHKe rpuba — mpopyueHTa Aspergillus niger comepxxutcs 1o
40 % xuTVHa B B XUTUHIJIIOKAHOBOTO KOMILIEKca [6].

VIMeroTCsI CBeZeHMSI O TOM, UYTO XMTO3aHIVIFOKAHOBbIE O1OTI0-
JIVIMePbI U3 IPUGHOT GMOMACCHI ITIPEBOCXOIST XUTO3aH U3 PAKO-
06pa3HbIX 110 COPOIIMOHHBIM U APYTUM LIeHHBIM CBOCTBaM [7].
B cBsI3U € 9TUM M3yUeHMe COPOLMOHHBIX CBOVCTB XUTUH- U XU-
TO3aHIVIIOKAHOBBIX COeIMHEHMIA, BbIIIeIeHHbIX U3 MMULIeIMalb-
HoJt 6uoMacchl Tpuba Aspergillus niger, penCcTaB/sSeT HAYIHbI
Y IPaKTUYeCKUit MHTepec.

Llesib HaCTOSIIIE pabGoThl 3aK/IIOYAETCS B M3YYEHUM COpO-
LIMOHHO CIIOCOGHOCTY ¥ 0GO0CHOBAHMM TEOPETUUECKOi Moe-
7t cop6Lmm MOHOB Cu?' u Pb?* XUTUH- ¥ XUTO3AHITIIOKAHOBBIMMU
6uononMMepamMu, IMOMYIEHHBIMY 3 MUIEIMAIbHBIX OTXOJOB
IIPOMU3BOACTBA JIMMOHHO KUCIOTBL

2. Marepuaibl U METOAbL

B KauecTBe OOBEKTOB ycciIegoBaHMsT  MCIIOJTIb30BaIMCh
06pasiipl XUTHUHIIIOKaHOBOTO KoMrliekca (XI'K) u ero mearie-
TWIMPOBAHHOIO IIPOAYKTA XMTO3AaHIVIIOKAHOBOI'O KOMILJIEKCa
FOR CITATION: Novinyuk L.V., Kulyov D.Kh., Negrutsa L.V., Velinzon P.Z. Chitin-

and _hitosan biosorbents from citric asid mycelial industrial waste. Food systems.
2018; 1(2): 55-62. (In Russ.). DOI: 10.21323/2618-9771-2018-1-2-55-62
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(XT3 I'K), mosmyyeHHbI€e 10 pa3paboTaHHO B MHCTUTYTE TEXHO-
JIOTUY U3 MUIIETUATbHBIX OTXOA0B 6MOTEXHONIOTMYECKOTO TIPO-
M3BOZLCTBA IMMOHHO KUCIOTHI [7]. Boigenenue XI'K nposogunu
IyTeM KUCJIOTHO-IIEIOYHO 06paboTKM OGMOMAcChl, IpOBee-
HUS IeNPOTeMHU3aUUN U JeMUHepaIn3aum ¢ mocaeayoIum
yoajgeHueM IPOAYKTOB TMIAPOJN3a COMYTCTBYIOIMX GETKOBBIX
COoeMHEHM, TUMNIIOB, IUTMEHTOB Y MMUHEPaIbHbIX BEIECTB.
Cunre3 XT3 I'K ocywectsnsinu npu peauetuanposanum XI'K
BO37eCTBMEM KOHIEHTPUPOBAHHBIX PacTBOPOB TMUIPOOKUCHU
HaTtpusi. CTerneHb JeaneTUIMPOBaHMS TIPU 3TOM COCTaBJIS/IA OT
82% 1m0 95%.

O11eHKY COpOLVOHHOM CIOCOGHOCTM ITOJYUYEHHBIX 00pas-
1oB XI'K u XT3 I'K npoBoauiu 1o copbimum noHoB meau (Cu®)
u cBuHIa (Pb?) B cTaTuM4eckuxX YCJIOBUSIX TIPU TeMIlepaType
20 # 2°C COOTBeTCTBEHHO M3 CEPHOKMCIBIX M a30THOKUCIbIX
BOIHBIX PaCTBOPOB 3TUX coseii. [lepen UCIIbITAHKEM COPOEHTHI
TIIATETHLHO M3MEIbYAIIU [0 TIOPOLTKO06pasHoro coctostHus. Co-
OTHOIIIeHVe MeXAy 06bEMOM pacTBopa (IM3) 1 Maccoit copbeH-
Ta (r) cocrasiasio 1:2. KonuuecTBo cOp6MPOBAaHHOIO MeTalia
paccCuMThIBAIIM IO Pa3HOCTM KOHIEHTpaluii MOHOB MeTalia
B PacTBODE JI0 U TIocTe copOuyn. [IJist onpenene st KOHIIeHTpa-
vy Cu?* B pacTBOpax UCIOIb30BaIM METO, IOJOMETPUYECKOTO
TUTPOBaHUS, IS ONIpefieNieHNs] COA,eP>KaHMsl CBUHLIA — KOJIOPU-
MeTPUYECKUii Cy/IbPUAHBIA MeTO, OCHOBaHHbBI/ Ha M3MepEeHUN
OITMYECKOI TJIOTHOCTU Ha crekrpodoromerpe. ITorpenHocTb
usMepennii coctaBuia 0,1-0,5 mr/om3. CTaTuUCTUUECKyl0 o6pa-
60TKY IKCIIePUMEHTATbHBIX JAHHBIX BBITIOIHSIIN C UCITOIb30Ba-
HMEeM MakeTa IMPUKIaIHbIX ITporpamMM Statistica.

3. Pe3yabTaThl M 06CYKAEHUE

ITo skcrnepyMMeHTaIbHBIM AAHHBIM MPOBENEHHBIX UCCIENO0-
BaHMIi TTOJTyYeHbI U30TEPMBI copOiuu (Puc.1,2,3,4,5), ycraHaB-
JIMBAlONIYe 3aBMCUMOCTh BEIMUMHBI COPOIMOHHO paBHOBEC-
HOJt éMKOCTH (A, MT/T) OT KOHIIeHTpauuu copbara (C, r/om®).

AHanm3 130TepM aficopOLIMY ITOKA3BIBAET, YTO COPOIMOHHAS
crtoco6HoCcTh XT3 I'K 3HaunTenbHO Bhilie XI'K, Kak 1Mo copouym
noHoB Cu?* (puc. 1), Tak u noHoB Pb* (Puc. 2) 3a cuéT HaMMUMUS
B XUTO3aHITIIOKAHOBOM KOMILJIEKCe TepPBUYHBIX aMUHOTPYII (—
NH,). [TpucyTcTBME aneTMIbHBIX IPYII B XI'’K BO3MOKHO TaKKe
JIOTIOTHUTENIbHO CO3[IaeT CTepuUYecKue 3aTpygHeHUs Ipu copo-
1y noHoB Pb% u Cu?'.

[To xapakTepy KPUBBIX TOTyYEHHbIE M30TE€PMbI COpPOLIN
B COOTBeTCTBUM C Knaccuduxanmeit BT (BpyHHayapa, [leMuH-
ra, lemunra v Tejyiepa) MOXKHO OTHECTH K I TUITY M30TEpPM COp6-
1y [8]. C 11e/1bI0 BBISIBJIEHUST 3aKOHOMEPHOCTHM COPOIMM MOHOB
Cu* u Pb* Ha XTK u XT3 I'K srcnepMMeHTaIbHbIE MU30TEPMBbI
ObLIM MaTeMaTUYeCKy TPeCTaB/IeHbl C UCIIONIb30BAHMEM TPEX
TeOpeTUUECKUX Mojesieii agcopbiyu: JIsurmopa, ®peitHaim-
xa u JlybuHuHa-PamynikeBuua, Haubosee 4acTo UCIOIb3yeMbIX
JUISI OTIMCAHYST PABHOBECHBIX COPOLIMOHHBIX Mpo1ieccos [8,9].

Teopus JIaHrMIOpa XapakTepu3yeT MOHOMOJEKYISIPHYIO
CcOpOLMI0 HA OJHOPOAHOJ MTOBEPXHOCTY TBEPIOI (assbl, y KO-
TOPOJi BCe afCcOpOLVIOHHBbIE IIEHTPHl PABHOIEHHBI (YpaBHe-
Hu 1,2):

A:Amaxklc, (1)
1+k,C

WY B IMHelHOo dopMme:

1 1 1
p— =+ )
A Amax Amaxklc

rae A — BelMuMHA peebHOl EMKOCTH afcopbeHTa (EMKOCTb MOHO-
CJ1081), MI/T COp6HeHTa;
k, — KOHIleHTpauMOHHAasA KOHCTaHTAa COPOLMOHHOTO PaBHOBECHS,
XapaKTepu3yiouas MHTeHCMBHOCTH Ipoliecca copoIyu, oM * Mosb;

C — paBHOBecHast KOHIIeHTpaLus afcopbaTa B pacTBOpe, I/oM>.

@)

FOOD SYSTEMS | Volume 1 No 2 | 2018

140

A, mr/r

120

100

80
Ny &
o/ A

0

00 04 08 12 16 20 24 28

C, rigm®
Puc. 1. UsoTepmsl copOrimm moHoB Cu’*: A — XI'K; m — XT3 TK

140 4L——i
120

100

A, mr/r

80

60

40

20

0

0 0,11

02 03 04 05 06 0,7 08
C, r/igm®
Puc. 2. V3orepmbl copb61iy MoHOB Pb?: A — XTK; m — XT3 ITK

VYpaBHeHMe JISHTMIOpa, KaK MPaBMUIO, OUEHb XOPOUIO C BBI-
COKMM K03 PUILIMEeHTOM KOPpessSIyy OMUChIBAET PABHOBECHYIO
COPOLIMIO MOHOB TSDKEBIX METAJIOB MOIMCAXapUIHBIMM COPOEH-
TaMM, YTO OOBSICHSIET ero Hambosee yacToe ucroab3oBauue [10].

Mopens ®peitHAMXa OOCTATOYHO IIMPOKO MPUMEHSIIOT IJIs
OIMMCaHVS aiCOPOIMM PaCTBOPEHHOTO BeIlecTBa M3 pacTBOpa Ha
HEONHOPOAHOJ MOBEPXHOCTY TBEPAOTO TeJa, UCIONb3Ysl SMITUPU-
YyecKoe ypaBHeHMe B BiJie CTelleHHOM QyHKIVM (3) Wi TMHeTHOM

dbopme (4): 1

A=k,C", 3)

InA=nk,+2C @)
n

roe kz Y N — KOHCTAaHTbI YpaBHEHMUSI CDpeﬁH,zmnxa.

Teopust 06bEMHOTO 3amomHeHus Mukporop (TO3M) wuc-
TIO/Ib3YeTCs, B OCHOBHOM, [JISI OMMCaHMS MPOIECCOB COPOLIMM
Ha MMKPOIIOPUCTBIX aficopbeHTax [9]. B psae pabor [10, 11] co-
obmiaeTtcs o mpuMmeHenun mopenu TO3M K ONMucaHMIO U30TEPM
copbiuny MOHOB Pb?* pasiuuHbIMM IOAMcaxapumamiu. ABTopa-
MM paboTsl [12] 6bUTO [TOKA3aHO, UTO BCE TPU BbIIlle HA3BaHHBIE
Mozenu, B ToM unciae TO3M, onuchiBalOT COPOLMIO MOHOB Pb?*
6uomaccoit rpu6oB Aspergillus parasiticum ¢ koabduieHTOM
koppesnsaiuu He Huke 0,97. YpaBHeHnue TO3M npuMeHUTENbHO
K Tpolieccam cOpoLMM U3 PacTBOPOB (ypaBHeHMe [IyOuMHMHA-
PagymikeBuua) umeert Bup, (5):
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rme A — paBHOBECHOE KOJIMYECTBO afCOPOMPOBAHHOTO BEILECTBA MPY JIaH-
HOJ1 TeMIlepaTtype (T-MOJIb/KT);
C,— pacTBOpMMOCTb copbaTa B Boie (MOJIb/KT paCTBOPUTENS);
Cp— PpaBHOBeCHAsT KOHIeHTpalys copbaTa (MOJIb/KT);
R — yHuBepcanbHas razoBast nocrosinHas (8,31 Ix/monb’K);
T — abcomoTHast Temrepatypa 1o Kenbuny, °K;
E — xapakTepucTnueckas 3Heprus aacopbuum, [x/ Mosb;
m — mapaMeTp, CBSI3aHHbIN CO CTPYKTYPOit afcopOeHTa.
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B pesynbTaTe MaTeMaTU4eCKoil 06pabOTKY HAMU TIOTyU€HbI
U30TepMbI afcopbumm B TMHeHOI Gopme, rpadbuvecku mpep-
craBieHHble B koopguHartax 1/A=f (1/C), InA=f(InC) u InA=
(InC/C) (Puc. 3,4,5).

VCTaHOBJNIEHO, UTO BCe TPU MCIIOIb3yeMble MOZEIN HOCTa-
TOYHO XOPOIIO OMMCBHIBAIOT IpOLlecc copOummu KatuoHoB Cu?
u Pb? XUTUH- ¥ XMTO3aHITIOKAHOBBIMM OMOTIONMMEPAMMY, BbI-
IeleHHbIMY U3 Mulleaus rpuba Aspergillus niger. OnHako Ha-
nbojiee aJeKBaTHO C BBICOKMM KO3 UIMEHTOM IeTepMMHa-
uun (R?=0,99) paccmaTpuBaemble COPOIIVIOHHbBIE ITPOIECCHI
armnpoKCUMUPYIOTCSl ypaBHeHMeM JIaurmiopa. C HEKOTOPBIM
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Puc. 3. V3orepmbl copbuium noHoB Cu?* (a) u Pb* (6) B koopayHaTax ypaBHeHus JIsurMopa: A — XT'K; m — XT3 ITK
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Tab6nuia 1

IMapameTpsl paBHOBeCcHOJ cop6uuu noHoB Cu?* Ha XT'K u XT3 I'K

Mogpens JIaHrMIOpa Mogpenb @peitHaanxa Mopgens lyounuHa-PagynikeBuda
CopGenT " k,, N s E,
MOJIb/KT M3/ MOJIb 2 MOJIb/KT K/I>K/MOb
XI'K 1,27#£0,20 38,40+4,3 39,4+45 0,79+0,03 66 3,05+0,20
XT3TK 2,20%+0,28 122,85+6,7 89,9%6,3 0,35+0,02 5,14 5,43+0,28
Tabnuua 2
IMapameTpsl paBHOBeCHOJT cop61mmu MoHOB Pb? Ha XI'K u XT3 I'K
Mogens JIaHrMiopa Mopenp @peitHaIMXa Mogens JyouHuHa-PamymkeBuya
CopGeHT - k,, N - E,
MOJIb/KT M3/ MOJIb 2 MOJIb/KI' KK/ MOJIb
XT'K 0,38 0,08 305,0 = 10,6 105,4+ 8,3 0,94 + 0,04 95,0 2,59£0,12
XT3TK 0,71 £0,10 640,2 £ 14,4 200,3 £ 10,6 0,73 £0,03 183,1 3,32+0,16

OTKJIOHEHMEM OT TEeOpPeTUYECKOro u30TepMbl copbumm Cu?*
u Pb% Ha XTK u XT3 I'K onuceiBatoTcs ypaBHeHVEM OpeitHim-
xa (cooTBeTcTBeHHO R?*=0,97 1 R?=0,96) u [ly6uHnHa-Pamyiike-
Buua R?=0,95 u R?=0,94.

N3 monydyeHHBIX JMHENHBIX 3aBUCUMOCTEN OmnpeneieHbl
rapamMeTpbl paBHOBECHOI copbuuu noHos Cu’ u Pb* ma XI'K
u XT3 TK (Tabn. 1 u 2).

BenmunHbl MakCMMasIbHOM cOpOLMOHHOI €éMkocty Cu?
u Pb%, omnpepnenéHHble MO ypaBHEHUIO JISHTMIOpa, COCTaBUIN
onst XTK — (80-81) mr/r u gist XT3 'K — (140-152) mr/r. Cre-
JIyeT OTMETUTH BBICOKYI) BEPOSITHOCTh BO3MOXXHOCTU IpUMe-
HeHMs1 ypaBHeHMs [ly6uHuHa-PanmymikeBuua (Teopuss TO3M)
JUIST OTMIMCAHUS TIPOLIECCOB PaBHOBECHON copbuyu noHoB Cu?
u Pb% Ha GMOMIOMMMEPHBIX XUTUH- U XUTO3aHCOAEPKALIUX CO-
pb6eHTax. OmHAKO CpaBHEHME 3HAYEHUIT MaKCUMAalIbHOI cOpo-
LIMOHHOM EMKOCTHU, ONpeAenéHHOI 1Mo Mogensim JIsHrMoopa
u TO3M (o ypaBHeHuo [y6uHuHa-PagymkeBuya rnpu m=1),
JIaéT HECKOJIbKO OT/IMYAIOIIMECS BEIVUMHBI MPeAebHOM copo-
uyu moHoB Cu? u Pb*. DTO BO3MOKHO OOBSICHUTh pas3Inuyuem
B 3aKOHOMEPHOCTSIX ITPOTeKaHMsI Ipoliecca CopobLUM Ha MUKPO-
TTOPUCTBIX U TOMMAMUHOCAXAPUIHBIX COPOEHTAX.

Kak mnoka3biBalOT pacuéTbl KOHCTaHTbl PpeitHmanuxa (n),
XapaKkTepusylolleil MHTEHCMBHOCTh COPOIIMOHHOTO ITpollecca,
9Heprus CBsi3u cop6eHT-copbat npyu n<1 Bo3pacTaer Mo mepe
3aII0JIHEHMS TIOBEPXHOCTY TBEPHOi (pasbl. ITO CBUAETENIbCTBY-
€T 0 TOM, UTO COPOIMOHHbBIE IIEHTPbI COPOEHTA HEPABHOIIEHHBI
M MeXaHM3M B3auMOJencTBUS QYHKUMOHAIBHBIX I'PYIII C CO-
pbaToM MMeeT pa3IMUHbli XapaKkTep.

OTHOCUTENbHO BbICOKMe 3HAuUeHMs 3G eKTUBHOI xapakTe-
PUCTUUECKO SHEPTUM COPOIMH, OTIPENeIEHHbIE 10 YPABHEHUIO
IOyounuHa-Pagymikesuya (2,6—5,5) CBUIETENBLCTBYIOT O Mexa-
Hu3sMe copbiyu Cu? u Pb?* Ha uccinenyemMbIx 6MOMOMMMEPHBIX
MaTepuagax, 0CHOBAHHOM Ha 06pa30BaHUM YCTONUUBBIX CTPYK-
Typ copbaTa ¢ GYHKIIMOHAIBHBIMY IPyIIIamMyu copbeHTa. Mexa-
HM3M B3aMMOJENCTBUS MOHOB META/UIOB C XUTO3aHIJIIOKAHO-
BbIM COPOEHTOM, KaK YCTaHOBJIEHO, TIPeIoiaraeT o6pasoBaHme
IIPOYHBIX KOMIIJIEKCHBIX X€JIaTHBIX COQ,ELI/[HeHI/II‘/JI Cop6MpyeM1>1x
MOHOB € KapOOKCWIBHBIMM ¥ aMWHOTPYIIIIAMM Ha OCHOBE VOH-

1. Introduction

Chitin (poly-N-acetyl-1,4-D-glucosamine) is a cellulose
structural analogue and belongs to the most common natu-
ral nitrogen-containing polyaminosaccharides. It is the main
shellfish component (crabs, shrimps, krill) and form part of the
composition of fungal cell wall [1,2]. Chitin and its diacetylated
derivative chitosan with their unique properties attract specific
attention nowadays. They can be widely used in biotechnology,
medicine, food industry, agriculture and cosmetology [1,3].

HOJ ¥ KOOPAVHALIMOHHO CBsI3U. TaKoi ke MexaHU3M BbIJBUTa-
eTcst v B pabore aBTopa [13].

[TomydyeHHBbIE B paMKaX KJIaCCUYECKUX MOJerieii paBHOBECHSI
rapaMeTpbl BaKHbI KakK [IJIs1 IOHMMAaHMST MexaHu3Ma COpOInut,
TaK U AJII ONTUMM3AIMM COPOILIMOHHBIX MTPOLIECCOB, POTEKAIO-
mux npu cop6iyy Cu®* u Pb?* Ha BbIIeIEHHbIX U3 MUIeIUalb-
HOJi GMOMACChI XUTUH- U XUTO3aHIJIIOKAHOBBIX MaTepuaiax.

4. BbpIBOJBI

IIpoBeaéHHbBIE MCCAeN0BaHMs 10 cCOpOI1MM MoHOB Cu®* u Pb?**
Ha XUTUH- ¥ XUTO3aHIIIOKAHOBbIX OMOTIONMMEpPAx, BbIIe/eH-
HBIX U3 MUILIEIMAIbHOI Macchl rpuba Aspergillus niger — npo-
IyIEeHTa TUINEeBOJ JMMOHHOM KUCIOTHI, TO3BOJIVIIY OI€HUTD
MX COPOIMOHHYIO CITOCOOHOCTh. YCTAaHOBIEHO, UTO JealeTu-
nupoBaHHbIi 6MokomInIekc XT3 I'K o6mamaeTr 60/iee BbICOKOIA
BeIMUYMHOI COPOILMOHHOI €MKOCTU 1o cpaBHeHMIo ¢ XI'K 3a
CYET HaJIMUUS BBICOKOAKTUBHBIX MepBUYHBIX AMMHOTIDYIIII.
MaremaTudeckast 06paboTKa IKCIIEPUMEHTAIBHO MTOTyUYE€HHBIX
U30TEPM COpOIMM B paMKaX TPEX TeOpeTUUeCKUX Mojieneit aj-
copOIIMY TIoKa3aa, YTo MpoI[ecC PaBHOBECHOI COPOLIMM ITUX
noHoB Ha XI'K 1 XT3 I'K 1ocTaTO4HO XOpOLIO C BBICOKMM KO-
adbdueHTOM OEeTepMUHALMM OINKUCHIBAETCS YpPaBHEHUSIMMU
JIsaurmiopa (R?=0,99), @peitngmuxa (R?=0,96) u [IybuHuHa-
Panpymkesuya (R?=0,95), omHako Hanboee TOYHO OTIPEAETUTD
Tpee/ibHYI0 COPOIMOHHYI0 EMKOCTh COPOGEHTOB ITO3BOJISIET
mozesib JIsHTMIopa.

OrmnpepeneHHble MapaMeTpbl paBHOBecHOi copb6imu Cu?'
u Pb? Ha XI'K u XT3 I'K no3BoamIu yCTaHOBUTb 3aKOHOMED-
HOCTM ¥ MeXaHU3M COpPOIMOHHOIO B3aMMOMENCTBUSI MEKIY
ajgcop6aToM ¥ afCOpPOLMOHHBIMM IIEHTPaMM GMOITONIMMEPHbIX
KOMILJIEKCOB, OCHOBAHHBII Ha 06pa30BaHMM YCTOMUMBBIX XeJIaT-
HbBIX KOMILJIEKCOB.

PesynbpraTel McciegoBaHMUI ITO3BOJSIOT CHOENATh BbIBOZ,
0 TOM, UTO XUTUH U XUTO3aHCOAEpsKAIIMEe GMOTIONMEDPHI TTPU-
POIHOTO MPOUCXOXKAEHUST U3 Mullenust rpuba Aspergillus niger
061a1al0T BBICOKOI COPOIMOHHOM aKTUBHOCTHIO ¥ MOTYT ObITh
MICIT0/Ib30BaHbl KakK (YHKIIMOHAIbHbIE MHTPEOVEHTHI I yOane-
HMUSI TSDKEJTBIX METAJITIOB U PAIMOHYKIUIOB.

Having a high biological activity they possess wound-healing,
antitumour and radioprotective properties. They are able to
bind and remove lipids, cholesterol, different toxins and bac-
teria from the body and can be used as enterosorbents. Besides
of that they contain highly active functional amine groups and
can form chelate compounds with heavy metal cations, radio-
nuclides and adsorb them [4]. The most important is that these
natural biopolymers are biodegradable and safe for human be-
ings and environment.
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Chitin is obtained mainly by crustacean shell processing to-
day. Large tonnage mycelial by-products of citric acid production
may become an alternative resource of chitin and its derivatives
[5]. It is known, the fungus Aspergillus niger cell wall contains up
to 40 % of chitin in the form of chitin-glucan complex [6].

According to the existing data, chitin-glucan biopolymers
from fungal biomass possess better sorption capacity and other
valuable properties as compared with crustacean chitosan [7].
Studies on sorption capacity of chitin- and chitosan-glucan
compounds extracted from Aspergillus niger fungal mycelial
biomass are very important from scientific and practical point
of view.

The goal of this paper is to examine sorption capacity and
establish an abstract model for adsorption of Cu?* and Pb?*" ions
by chitin- and chitosan-glucan biopolymers extracted from the
mycelial by-product of the citric acid production.

2. Materials and Methods

Samples of chitin-glucan (ChGC) complex and its diacetylat-
ed chitosan-glucan complex (CsGC) were used as study objects.
The samples were produced from mycelial by-products of the
citric acid biotechnological production by the technology devel-
oped in the Institute [7]. ChGC was extracted by biomass acid-
alkali treatment, deproteinisation and demineralisation with
further removal of hydrolysis products, including associated
proteins, lipids, pigments and mineral substances. CsGC synthe-
sis was carried out at ChGC deacetylation by sodium hydroxide
concentrated solutions. Deacitylation level was 82 % to 95 %.

Sorption capacity of ChGc and CsGC samples was evaluated
by cuprum (Cu?) and lead (Pb?) adsorption from sulfurous and
nitrate solutions of these salts correspondingly under static con-
ditions and the temperature regime 20 * 2°C. The selected sam-
ples were intensively powdered before the trial started. Correla-
tion between the solution volume (dm®) and the sample mass
(g) was 1:2. The quantity of adsorbed metal ions was calculated
by the difference of metal concentration in the solution before
and after sorption. Iodometric titration was used to determine
Cu?* concentration in solutions, and calorimetric sulfide method
based on optical density measurement in the double-beam spec-
trophotometer SHIMADZU UV-1800 with 190-1100 nm range
was used to determine Pb?*" content. The measurement error was
0.1-0.5 mg/dm3. The observed data statistics was carried out us-
ing Statistica application package.

3. Results and Discussion

Sorption isotherms obtained by experiments (Fig-
ures 1,2,3,4,5) correlate the equilibrium sorption value (A, mg/g)
and sorbate concentration (C, g/dm?). Sorption isotherm analysis
shows the CsGC sorption capacity is higher than ChGC by Cu?*
(Fig.1) and Pb* ions (Fig.2) because of primary amine groups (-
NH,) in the chitosan-glucan complex. According to the experi-
mental data amine nitrogen mass fraction in CsGC is 1.5 times
higher than in ChGC. Acetylic groups presented in ChGC prob-
ably induce additional steric hindrances while sorbing Pb% and
Cu*ions.

Curve characteristics show it is possible to assign the ob-
tained isotherms to the Type I adsorption isotherms in con-
formity with BDDT classification (Brunauer, Deming, Deming-
Teller) [8]. With the aim to revel the trends of Cu?** and Pb* ions
sorption on ChGC and CsGC, experimental isotherms were ex-
pressed in mathematical terms using three theoretical adsorp-
tion models: Langmuir, Freundlich, Dubinin-Radushkevich, the
most frequently applied to describe equilibrium adsorption pro-
cesses [8,9]. Langmuir theory outlines monomolecular adsorp-
tion on the solid uniform surface where all adsorption centers
are equal (equations 1, 2):
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Fig. 1. Cu**ion sorption isotherms A — ChGC; m — CsGC
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Fig. 2. Pb% ion sorption isotherms A — ChGC; m — CsGC

A — Amaxklc , (1)
1+k,C

or in a linear form:

1 1 1
_ + )
A A max A max k 1 C
where A, — maximum (limiting) sorption capacity, mg/g;
k, — Langmuir sorption equilibrium constant, characterising

sorption process intensity, dm3/ mole;
C — equilibrium adsorbate concentration in the solution, mg/dm?.

@)

Langmuir equation, usually with a high correlation coeffi-
cient, describes heavy metals equilibrium sorption by polysac-
charide sorbents, explaining its frequent use [10].

Freundlich Model is widely used to describe sorption of a
dissolved substance from a solution on the solid heterogeneous
surface. This process is described by the following empirical
equation in the form of power function (3) or as a linear polyno-

mial logarithm (4): .

A=k,C", 3)
InC
InA=Ink,+—, “
n
where k, and n — Freundlich equation constants.

Micropore Volume Filling Theory (MVF) is mainly used to
describe adsorption processes on micropore adsorbents [9].



MULLEBbIE CUCTEMbI | Tom1No 2 | 2018 FOOD SYSTEMS | Volume 1 No 2 | 2018

Some authors [10,11] report the MVF model describes isotherms where A — equilibrium quantity of the adsorbed substance at the given

of Pb* ions sorption by different polysaccharides. The authors of temperature, m01€/1_<g_; )
the paper [12] showed all three models including MVF describe C, — sorbate solubility in water, mole/kg of solvent agent;
Pb?* ion sorption by Aspergillus parasiticum fungal biomass with C,— equilibrium sorbate concentration mole/kg;

R — universal gas constant (8,31 J/mole °K);

T — Kelvin temperature, °K;

E — characteristic adsorption energy, J/mole;

m — parametre related with adsorbent structure.

a correlation coefficient not lower than 0.97. The MVF equation
as applied to sorption from solutions (Dubinin-Radushkevich
equation) has the following form (5):

m

Ind=InAd_ — RT In C, (5) Mathematical treatment of the experimental data allowed
ax E C » ’ obtaining sorption isotherms in a linear form graphically rep-
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Fig. 3. Cu* (a) and Pb* (b) ion sorption isotherms in Langmuir equation coordinates: A — ChGC; m — CsGC

a b
Ze6 <6
5 " 5 J/f .
| _’*____,——f"'"‘ 4 | | > ’ N 2 A
4 [— \ AP
3 3 e
2 e
A
1 7
1
0
0 -4 -3 -2 -1 0
0 02 04 06 08 1 InC

InC
Fig. 4. Cu* (a) and Pb* (b) ion sorption isotherms in Freundlich equation coordinates: A — ChGC; m — CsGC

a b

-0,5 =

J u
» [ ]
0,5 = AXX
A

‘\ \ -1,5

-
NERNEE S
| N N

N
1 AN A\
A
15 -4.5
15 2 25 3 35 4 45 6 7 8 10
InCs/C InCs/C

Fig. 5. Cu?' (a) and Pb? (b) ion sorption isotherms in Dublin-Radushkevich equation coordinates: A — ChGC; m — CsGC

InA
InA

o



MULLEBbIE CUCTEMbI | Tom1No 2 | 2018

FOOD SYSTEMS | Volume 1 No 2 | 2018

Table 1

Parametres of Cu* ion equilibrium sorption on ChGC and CsGC

Langmuir Model Freundlich Model Dubinin-Radushkevich Model
Sorbent . k,, K N . E,
mole/kg dm?/ mole 2 mole/kg kJ/ mole
ChGC 1,27+0,20 38,40+4,3 39,4%4,5 0,79+0,03 66 3,05£0,20
CsGC 2,20%0,28 122,85+6,7 89,9+6,3 0,35+0,02 5,14 5,43%0,28
Table 2
Parametres of Pb%* ion equilibrium sorption on ChGC and CsGC
Langmuir Model Freundlich Model Dubinin-Radushkevich Model
Sorbent A, k,, K N - E,
mole/kg dm?/ mole 2 mole/kg kJ/ mole
ChGC 0,38+ 0,08 305,0 £ 10,6 105,4£8,3 0,94 £ 0,04 95,0 2,59+0,12
CsGC 0,71%0,10 640,2 £ 14,4 200,3 10,6 0,73 +0,03 183,1 3,32£0,16

resented in coordinates 1/A = f (1/C), InA = f (InC) and InA =
(InC/C) (Figures 3,4,5).

All three used models well enough describe sorption pro-
cesses of Cu?* and Pb* cations by chitin- and chitosan-glucan bio-
polymers extracted from Aspergillus niger fungal mycelia. How-
ever Langmuir equation approximates sorption processes under
consideration more precisely with a high correlation coefficient
(R%=0.998). Sorption isotherms of Cu* and Pb* on ChGC and
CsGC are described by Freundlich equation (R*=0.97 and R*=0.96
correspondingly) and Dubinin-Radushkevich one (R?=0.95 and
R?=0.94) with some deviation from the theory. The obtained lin-
ear dependences allowed to obtain parametres of Cu?*and Pb%* ion
equilibrium sorption on ChGC and CsGC (Tables 1, 2).

Values of Cu* u Pb?* maximum sorption capacity fixed by
Langmuir equation were (80-81) mg/g for ChGC and (140-152)
mg/g for CsGC. It should be noted the Dubinin-Radushkevich
equation (MVF Theory) could be used to describe processes of
Cu? and Pb? ion equilibrium sorption on chitin- and chitosan-
glucan biopolymer sorbents with a high probability. However if
maximum sorption capacity estimated by Langmuir and MVF
(by Dubinin-Radushkevich equation where m=1) Models is com-
pared it will be seen Cu?** 1 Pb* ion maximum sorption values are
something different. It can be explained there is a difference in
the regularities of sorption process behavior on micropore and
polyaminosaccharides sorbents.

Freundlich constant (n) characterise sorption process in-
tensity. According to its analysis, the energy of sorbent-sorbate
bond where n < 1 increase as far as the solid surface is filling.
It indicates the sorbent sorption centres are unequal and the
mechanism of interaction between functional groups and sor-
bate is different.

Relatively high values of characteristic sorption energy de-
termined by Dubinin-Radushkevich equation (2.6-5.5) demon-
strate the Cu* and Pb?* sorption on the studied biopolymers is
based on the formation of stable sorbate structures with func-
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tional sorbent groups. It was found that the mechanism of in-
teraction between metal ions with chitosan-glucan sorbent as-
sumes stable complex chelate compounds of adsorbed ions with
carboxy and amino groups form based on the ion and coordinate
bond. The same mechanism is set forward in this paper [13].

The parametres obtained in the frame of classic equilibrium
models are important to understand the sorption mechanism
and to enhance efficiency of sorption processes taking course
during Cu? and Pb? sorption on chitin- and chitosan products
extracted fro mycelial biomass.

4. Conclusion

Chitin- and chitosan-glucan biopolymers were extracted
from the food citric acid producer Aspergillus niger fungal my-
celial mass. They were evaluated for Cu* and Pb? sorption
capacity. It was established that because of highly active pri-
mary amino groups in CsGC composition its sorption capacity
is higher than ChGC one. Adsorption isotherms were obtained
in the frame of three sorption models during experiments and
subjected to the mathematical treatment. The equilibrium sorp-
tion of these ions on ChGC and CsGC are well described by Lang-
muir (R?=0.99), Freundlich (R?=0.96) and Dubinin-Radushkevich
(R?=0.95) equations with a high correlation coefficient. This is
Langmuir Model that allows establishing the maximum sorption
capacity the most precisely.

Parametres of Cu?* and Pb* equilibrium sorption on ChGC
and CsGC were defined. It became possible to establish regulari-
ties and the mechanism of sorption interaction between adsor-
bate and adsorption centres of biopolymer complexes based on
the formation of stable chelate ones.

According to the investigation results it is possible to make
a conclusion that natural chitin an chitosan biopolymers from
Aspergillus niger mycelium have a high sorption capacity and can
be used as functional ingredients to remove heavy metals and
radionuclides.
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