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B nacmoswee epemsa ouenv 8axCHbIM 567151€MCsA NOUCK HOBLIX CHIPHEGIX UCIMOYHUKOS OUOTOSUYECKU AKINUBHBIX
seujecms pacmumenvHo2o npoucxoxcoerus. LLupoxoe pacnpocmpanerue, OMHOCUMENbHAS 1€2KOCHb BbLOENEHUs U
BbICOKAA (PUSUONOSUYECKAS, AKMUBHOCHIb COCNANU NPUBTEKAMETbHbIM NPAKMUYecKoe npumMeHeHue nekmunos. 1103-
MoMy 6 Hacmosiuee epems NPOBOOUNMCsL UHMEHCUBHOE U3YUEHUe CBA3U MENCOY CIMPYKNYPOU U (PUIUKO-XUMUUECKU-
MU CBOUCMBAMU NEKMUHOBBIX NOTUCAXAPUO08, d MAKHCE PACUIUPAIOMCS UCCTe008AHUS NO U3YYEHUIO COPOYUOHHBIX
U KOMAIEKCo0Opasyrowux ceolicme nekmura. Lleavto pabomel 26uUnoce uzyyeHue peoiocutieckux C0UCmse 600OHbIX
PAcmeopos NEKMUHOBbIX GeUecms, NOLYYEeHHbIX U3 Tucmbes psaounnuka psounorucmuoeo (Sorbaria sorbifolia (L.)).
Mamepuanst u memooul. Bvioenenue nonucaxapuoog uz 1ucmves paOUHHUKA PAOUHOTUCIHO20 NPOBOOUIU NO PPAK-
yusim, ucnoawvsys memod H.K. Kouemxosa u M. Sinner. Ha ocnoge dannvix sxkcnepumenma Hamu Oblia npogedeHa
OYeHKa aocopoyUuonHOU cnocobnocmu. M3 OaHHbIX tumepamypul ciedyem, 4mo npoyecc aocopoyuu moxcem Oblmb
onucan ypasuenuem Qpetinonuxa unu Jlenemopa. [pumenumocms KOHKPEMHO20 YPAGHEHUs 3a8UCUM O NPUPOObL
aocopbenma u KonyeHmpayuu adcopomusa. Pezynemamot u oocyscoenue. B xooe pabomsi Ovinu evioeneHvl noau-
caxapuovl U3 IUCMbes PAOUHHUKA PAOUHOTUCIMHO20 U U3YYEHbL UX HEKOMOopble Qu3uKo-xumuieckue ceoticmea. bvina
onpeodenena cpeoHsis MOLEKYIAPHASL MACCA NeKMUHOBbIX gelujecma, komopas cocmaeguna 32923. Uzyueno snuanue pH
cpeobl Ha 8A3KOCMb PACMBOPO8 NEKMUHOBbIX geuecms u yemanosieno, umo npu PH 5,2 nabniooaemca omuemaugo
BbIPANCEHHBILIL MUHUMYM 8A3KOCTU. B makoil cpede Monexynvl nekmuHoBbIX 6eujecms 3NeKMmpoHeUmpaibtbl U Noau-
ANMEKMPONUM HAXOOUMCS 8 UZ0ITEKMPUIECKOM cOCmosaHuuL. Tlonyuennvle OanHble NOKA3BIBAION, YO MAKCUMATbHOE
cesazvisanue uonos P* nexkmunom nucmoes paounnuxa psabunorucmnozo ¢ meuenue 50 munym cocmasnsem 60,0%.
3axnrouenue. Onpedenenue cpeoneli MONEKYIAPHOU MACCHL U UZ0INEKMPUHECKOU MOYKU NO3GONAIOM YCIMAHOBUND
B03MOANCHOCIb HAUOOLEe IPHEKMUBHO20 UCTIONBIOBAHUS PACTNUMENbHO20 CbIpbs. DusuyecKue u mexHon0SUYecKue
CBOTICMBA NEKMUHOBBIX BeUeCTE 3ABUCAN O UX MOAEKVIAPHOU Maccyl. [1o eenuuune nomyueHHbIX u3omepm ciedyem
coenamsp 8b1800, UMO 3A8UCUMOCTIL BETUYUHBL AOCOPOYULL K PABHOBECHOU KOHYEHMPAYUlL UOHO8 CUHYA 6 6onbluell
cmenenu noouuHsemcs ypasneruro Jlenemiopa.

Knrouesvie cnosa: nucmuvs pabuHHUKA pAOUHOTUCHO20, NOTUCAXAPUObL, CDEOHAS MONEKYIAPHAA MACCA, U309EK-
mpuueckas mouka, copoyusi
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THE STUDY OF RHEOLOGICAL AND SORPTION PROPERTIES
OF PECTINESTERASE SOLUTIONS FROM THE LEAVES
OF SORBARIA SORBIFOLIA

S.L. Adjiahmetova, L.P. Myikots, N.M. Chervonnaya, I.1. Harchenko,
N.A. Tuhovskaya, E.T. Oganesyan

Pyatigorsk Medical and Pharmaceutical Institute — branch of Volgograd State
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Currently, searching for new sources of raw materials of biologically active substances of plant origin is very
important. Widespread distribution, relatively easy isolation and high physiological activity have made the practical
use of pectins attractive. That is why nowadays an intensive study of the relationship between the structure and phys-
ico-chemical properties of pectin polysaccharides is being carried out, and the studies of the sorption and complex-
ing pectin properties are also being expanded. The aim of the work was to study rheological properties of aqueous
solutions of pectin substances obtained from the leaves of Sorbaria sorbifolia (L.). Materials and methods. Secretion
of polysaccharides from the leaves of Sorbaria sorbifolia was carried out fraction by fraction on the basis of N. K.
Kochetkov and M. Sinner’s method. We evaluated the adsorption capacity basing on the experimental data. From the
literature data it follows that the adsorption process can be described by Freundlich’s or Langmuir’s equation. The
applicability of the particular equation depends on the nature of the adsorbent and the concentration of the adsorbate.
Results and discussion. In the course of the work polysaccharides were isolated from the leaves of Sorbaria sorbifolia
and some of their physico-chemical properties were studied. The average molar mass of pectic substances was deter-
mined as 32923. The influence of the pH medium on the viscosity of solutions of pectin substances was studied and it
was found out that a distinct minimum viscosity is observed at pH 5.2. In such an environment the molecules of pectic
substances are electrically neutral and the polyelectrolyte is in the isoelectric state. The obtained data show that the
maximal binding of Pb?*ions by pectin leaves of Sorbaria sorbifolia within 50 minutes is 60.0%. Conclusion. The de-
termination of the average molar mass and the isoelectric point makes it possible to specify the possibility of the most
effective use of plant raw materials. Physical and technological properties of pectic substances depend on their molar
mass. By the value of the obtained isotherms we should arrive at the conclusion that the dependence of the adsorption
amount on the equilibrium concentration of lead ions is more subject to Langmuir’s equation.

Keywords: leaves of Sorbaria sorbifolia, polysaccharides, average molar mass, isoelectric point, sorption

BBeanenne. B Hacrosiiee BpeMsi O4E€Hb BayKHBIM
SIBISIETCSI TIOMCK HOBBIX CBIPHEBBIX HMCTOYHHKOB OHO-
JIOTHUECKH AaKTHUBHBIX BEIIECTB PACTUTENBHOIO IPO-
HCXOXKJICHUA. B OTIMYME OT CHHTETHYECKHX BEIIECTB
JIEKAPCTBEHHBIC PACTEHUS M TIpEnaparbl Ha UX OCHOBE
0051a/1al0T IMIMPOKUM CHEKTPOM  (hapMaKoIOrn4eckoro
JICHICTBUS B COYETAHUU C OYECHb HU3KOM TOKCUYHOCTBIO

ITeKTHHBI — 3TO BBICOKOMOJIEKYJISIPHBIE COSTUHEHHS
0ecCIIOpHO PAaCTUTENBHOTO MPOUCXOKACHUS, KOTOpPBIC
MIPU3HAHBI a0COJIOTHO HETOKCHYHBIMH M (papMaxoso-
rMYecKH 0e30NacHbIMU OMOJIOTHUECKH aKTHBHBIMHU Be-
mectBaMu. OcobeHHo 3(p(peKTUBHBI TP 3a00TCBaHUIX,
CBSI3aHHBIX C HapPYUICHHUSIMHU JIMITUIHOTO U YTJIEBOIHOTO
00MeHOB. [TeKTHHOBBIE BelllecTBa UCTIONb3YIOTCS IIPH 3a-
OONEBaHUSX JKETYJOUHO-KHIIIEIHOTO TPAKTA, CaXxapHOM
nuadeTe, aTepockKiIepo3e, TeMOGIINN, 3KUBICHHH paH
u oxoros [1 —4].

[TpakTHueckoe MPUMEHEHHE TIEKTUHOB O0YCIIOBICHO
IIAPOKUM PaclpOCTpaHEHWEM, OTHOCHTEIBHOM JIerKo-
CTBIO BBIJIEJICHHS M BBICOKOH (hapMaKoJIOrHyeckoil akTHB-
HOCTBIO. B HacTosImee BpeMs MPOBOAUTCS MHTCHCHBHOE
N3Y4eHHE CBSA3M MEXIY CTPYKTYpOH M (H3HKO-XHMHUIE-
CKHMH CBOMCTBaMH MEKTHHOBBIX IOJIHCaXapHaoB, a Tak-
K€ PACIINPSAIOTCS UCCIISTOBAHUS MO N3YUYEHHIO KOMIUIEK-
€000pa3yroMMX CBOWCTB mekTuHa [5 — 7].

PsaOUHHMK pSIOMHOIUCTHEIA OTHOCHTCS K CEMCHCTBY

Poszorerabie (Rosaceae DC). Urto kacaercs pacmpo-
CTpaHEHUs], TO MOXXHO OTMETHTh CJIEAyIollee, IpeacTa-
BUTEJM JAHHOTO CEMEWCTBa IIUPOKO PACHPOCTPAHEHBI
110 BCEMY 3eMHOMY IIapy, HO HaHOOJBIIINM pa3sHooOpa-
3MeM XapaKTepU3YIOTCS YMEPEHHBIC U CyOTpOITHUECKHUE
rosica 000MX MOJTyIIapHid, B 0OCOOCHHOCTH — YMEPEHHBIH
nosc CeBepHOTO MOTyIIAPHSL.

CeMelCTBO OXBATBIBACT IMUPOKHUI CIIEKTpP JKU3HEH-
HBIX ()OPM paACTEHHH. JMCTONAJHbIC M BEYHO3CIICHBIC
ACPEBLS, JUCTONAAHBIE U BEYHO3CJICHBIC KYCTAPHUKU U
KyCTapHHYKH, MHOTOJIETHHE M OIHOJIETHUE Tpasbl. Jln-
CThbs OYEpEHbBIE, PEAKO — CYMPOTHBHBIC, IIPOCTHIE MIIH
CJIOXKHBIE, OOJIBIIEH YacThIO C IPHIMCTHUKAMH.

B kauecTBe 00beKTa HCCIEOBAHUS OBLIH UCTIONB30-
BaHBI IUCThS PIOMHHUKA PIOMHOINCTHOTO, COOPaHHBIC B
ntone — asrycre 2016 .

Heabio paboTHI SIBUIIOCH U3yUSHHUE PEOJIOTMYECKUX
CBOMCTB BOAHBIX PACTBOPOB NMEKTHHOBBIX BEIIECTB, MO-
JY4YEeHHBIX W3 JHCThEB pSOMHHHMKA PSOWHOIMCTHOTO
(Sorbaria sorbifolia (L.)).

Marepuanbsl 1 MeToAbI. Bbijienenue noavucaxapu-
JIOB W3 JHMCThEB PSOMHHUKA MPOBOIAMIN 1O (PaKIMAM,
ucnons3yst metox H.K. Kouerkosa u M. Sinner: | - BPTIC
(BomopacTtBopuMbIie moucaxapussl), |1 — TIB (mekruno-
Boie BemtectBa), [l — 'y A (remunemmonosa A) u 1V —
I'u b (remunemntonosa B) [1, 8-10] (puc. 1).
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JlucTos
PAOHHHUKA

A

Oo6padoTka xsopoopmom
(o0e3:xupeBanue)

O0e3:xMpEeHHOE ChIPbE

| Boanoe u3Bieuenue |

Ocaxaenue CnupTOM,

JKCTpaKUusl BOAOH OYHIIEHHOT
B TeueHnune 24 yacon

/\.

Hlpor

JKCTpPaKIuUs cMechblo B TedyeHHe 14.
0,5% 1maBeseBoii KUCIOTHI K

LeHTPH(YTrHpOBaHHe 0,5% pacTBopa okcajaTa aMMOHHUS
B odopacm eopumbole
nonucaxapuowvl Kuciaoe n3Biedenne [por
O0padoTka

OcaxieHue CupToM,
HeHTpU(dyrupoBanue

7,5% pacTBOpOM
THAPOKCH/IA HATPHUS

eeuiecmea

Ilekmunoebvie

Ilesi0unoe U3BIEUEHHE

HeiiTpaauzanus,
HeHTPH(YrupoBaHue

T'emuuyenniwonoza A

Hanocamounas :KHaKocTh

JAuanu3, ocaxkaeHue
CIHPTOM,
HeHTPH(yrupoBaHue

TI'emuuennionosza b

Pucynox 1 - Cxema évroenenusn nonucaxapuonbtx KOMNJIEKCo6 U3 jiucmobee pﬂ6unnm<a pﬂ6uu0ﬂucmuozo

C mOMOMIBIO KaIMJUIAPHOTO BUCKo3uMeTpa OCcBalib-
Ja ONpele/sId  CPENHIO  MOJICKYJSIPHYIO — MaccCy
[10-12].

Wsmepsiin Bpems ucteuenus Boxwl (1), pacTBopos
I1B (t), paccyuThIBain OTHOCHTENBHYIO BS3KOCTBH (1) C
y4eToM m1oTHoCTH (p,, p) pacTBopoB (Gopmymna 1):

_ tXp
n= to X po (1)
ITo BenuumHe XapakrepucTHdeckoii Bazkoctu ([n]) u
ypaBHeHMI0O Mapka-KyHa-XayBHHKa paccyuTaiu cpen-
HIOI0 MOJIEKyIIsIpHY0 Maccy (M) (popmyna 2):

[ = KxM* ®)

3HaueHust KOHCTaHT K U o B3SThI M3 JIMTEPATYPHbIX
ucToyHuKoB [1, 2].

Ha 0CHOBE 3KCIIEPHMEHTANIBHBIX JaHHBIX ObLIA OLle-

HeHa afcopOImonHas crocooHocTh [1B nmucTheB psouH-
Huka [12-14].

444

Pacuer sKcriepMMEHTaJIbHOW BEJIIMUUHBI aJcOpOLUH
(A) mpoBomuiu o opmyste 3:

X (CO - CpaBH) XV
A=s—=—"",
m m 3)

I7Ie: X — KOJIMYECTBO ajxcopdara, MMOJIb;

M — eMHULIAa MacChl a1COPOCHTA, T;

C, — KOHLEHTpalusi pacTBOpa 10 aacopOoLuu
MMOJIB/TI;

C — KOHIEHTpalHs pacTBOpa IOCIE aIcopOLHH,
MMOJIB/TI;

V — 00BeM pacTBopa, .

PesynpraThl npencrapieHsl B TabuIe 6.

Mo ypaBuenuto Opeitaamnxa u Jlenrmropa [13-16]
MIPOBOJMIIA PacyeT afcopOLMK Ha TIOBEPXHOCTH paszerna
«TBEPIAOC-KUAKOCTHY.

Vpasuenne Opeitamxa (hopmyna 4):

1
A = KCn )
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I[J'I?I OIIPCACIICHUS KOHCTAHT Ku % HCIIOJIB3YHOT JI0-

rapu()MUUECKYIO 3aBUCUMOCTb!

1
InA = InK 4+ HlnC , 5)

rae: A —dKCIepUMEHTaIbHAS BEIMUHHA aJICOPOLINH;
C — paBHOBeCHAs! KOHIICHTPAIMSI, MMOJIB/JI.
BeTMuuHbBI KOHCTAHT HAXOAT 10 rpaduuecKoi 3aBu-

CHUMOCTH In % = f (InAC), 94TO MpEICTABICHO Ha PUCYHKE 5.
VYpasuenue Jlenrmiopa (popmyia 6):

Ao X C
A== (6)

rne: Aoco 1 b — koOHCTaHTHI;

C — xoHIEeHTpAaIHs aacopdara B COCTOSIHUHU aJ1copo-
[IMOHHOTO PABHOBECHS, MMOJIB/JI.

Jlis onpenenennst KoHCTaHT Aco 1 b ymoGuee wc-
0JIb30BaTh JIMHEHHYI0 (hopMy ypaBHeHus (Gopmyia 7):

1 b 1
A Boxc A, )

Jluist onpezienieHuss KOHCTAHT MCIOJIb30BaIN rpadu-
yeckyro 3aBucumocts 1/A = f(1/AC), npeacrasneHnyo
Ha pHUCYyHKe 6.

Pesyabtarnl u o0cy:xkaenue. Ilpu rpaBuMerpuue-
CKOM aHayiu3e ObLJIO YCTaHOBJIECHO, YTO KOJMYECTBEHHO
npeodnanaror BPIIC u I1B. Pesynbrarsl npeacraBieHsl
B Ta0uie 1.

Taonuya 1 — Ilpouenmmnutii 6vixo0 I1B u BPIIC padounnuka paouHoaucmmuozo

Bun ceipbs, hpaxius

JlucTes psOuHHUKA

1B

9,2%

BPIIC

1,0%

CTpyKTypy M CBOHCTBa BBICOKOMOJIEKYJSPHBIX
COCIMHEHUN ONpeAessieT CpeaHsis MOJeKyIsapHas
Macca, KoTopas UMEEeT HENOCPEICTBEHHYIO 3aBUCHU-

MOCTh OT croco0a MOJYYCHUA TaHHOTO OnomnoanumMe-

pa.
Pe3ynbraTel n3MepeHust MpeACTaBICHBI B TAOIHIIE 2.

Tabnuya 2 — Pe3ynomamel usmepenus éa3Kocmu 600HsIx pacmeopos I1B,
HOJIYUEHHBIX U3 PAOUHHUKA PAOUHOIUCHIHOZO0

1B

C,% t, cex /. UM /M Ipumeunanue:
HO 12.35 C — konyenmpayus pacmeopa;

: ' t— epems;
0,05 14,20 115 015 3,00 1 = GASKOCMb OMHOCUMENLHASA,
0,10 16,18 1,31 0,31 3,10 1,,— 6A3K0CY YOeIbHas,
0,20 20,30 1,64 0,64 3,20 1,,~ 6A3KOCMb npuseoenHas
0,40 29,55 2,39 1,39 3,48
0,80 57,35 4,64 3,64 4,55

OtHOCHUTENBHAS BSI3KOCTb, XapaKTEePH3YIOIIAst IPHPOCT
BSI3KOCTH PAcTBOPA MO CPABHEHHIO C BA3KOCTBIO PACTBOPHTE-
JIs1, BO3PAcTaeT C POCTOM KOHLIEHTpary. MoJeKysbl ToJH-
Mepa HaYMHAIOT B3aUMOZICHCTBOBATE MEXKITy COOOH, M KpH-

Bas o0paraeTcs BBITYKIOCTBIO K 0cH abcrmce. Bo3morkHo,
TIPOUCXOMTAT CTPYKTYpHUpPOBaHue cucTeMsl [2, 12, 13].

I'padmueckas 3aBucumocts 1 o1 C mpencrabiena
Ha PUCYHKE 2.

/

]

"

0,5 —

0,05 0,1

0,2 0,4 0,8

C, %

Pucynok 2 — 3asucumocms omuocumenvnoiu éazkocmu () om xonyeumpayuu (C) pacmeopos I1B

omn
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3HaueHNe XapaKTEPUCTHUUECKOH BI3KOCTH, KOTOpas

OTpaXacT TCPMOJAUHAMHUYCCKOE CONPOTUBJICHUE MTOTOKY

MOJICKYJI OHOTONIMMEpa, OMPENCISUIN M0 BEIMYUHE OT-

pe3ka, 0TCEeKaeMOro Ha OCH OPAMHAT, C HCIIOJIb30BAaHUEM
YPaBHCHHSI 3aBUCHMOCTH 1), = f(C) onpenensinu Bemmnyn-
uy [n]. I'paduk 3aBUCHMOCTH H300paKeH HAa PUCYHKE 3.

4,5

/

4 /
3,5 L 4

s L ea—%

2,5

np

1,5

0,5

O T T
0,4

0,6 0,8 1
C, %

Pucynok 3 — 3asucumocms npugedennoll s3Kk0cmu (qnp) om konuyenmpayuu (C)

CpenHIo MOJNEKYISIPHYI0 MacCy PacCUMTBIBAIN C
UCIIONIb30BAaHUEM BEIMYMHBI XapaKTEPHUCTHUECKON BSI3-
KOCTH U ypaBHeHUs1 Mapka-Kyna-Xaysunka. [Ipu pacue-

Te TAHHOTO TIOKA3aTelTs TIPUMEHSITH JINTepaTypHbIE TaH-
HBIE COOTBETCTBYIOINX 3HaueHnit: K = 1,1-10%, a = 1,2
[1]. Pesynerars! mpecTaBieHs! B Tabmuie 3.

Taonuya 3 — Pesynomamut onpeoenenus MoaeKyIapHOil MAaccol

HasBanue cbipbs

XapakTepucTuieckas BI3KOCTh

CpenHsis MONeKysipHast
Macca, r/Mosb

1B

2,9

Jluctes paOuHHNKA

32923

[lexTHHOBBIE BeIECTBA MOXKHO OTHECTH K HMOHHBIM
nonumepam. CTeneHb AUCCOLMAIMU TOJSIPHBIX TPy,
BENTMYMHA 3apsijia cBsi3aHbl ¢ PH cpeibl. MakpoMoeKysibl
PacTBOPHMBIX B BOZIE MOIMAIEKTPOIUTOB JUCCOLIUUPYIOT,
OTILEILLSA B PACTBOP IIPOCTHIC HOHBL, ¥ 00pa3yt0T MHOI03a-
PpAIHBIN MonuMepHbIi noH. Peakuueli cpeas! onpenensercs
HE TOJBKO 3apsi] MOHA, HO U KOH(OpMALHs MOJIEKYl, CBsl-
3aHHAs C U3MEHSIOIUMUCS CBOMCTBAMH MOJIMAIEKTPOINTA.

[TosTOMY, MPEACTABIISIIO HHTEPEC HU3YUUTDH BIMSIHUC
pH cpenbr Ha Ba3kocTh pacTtBopoB I1B. [oToBumumcs Oy-
(epHbIe pacTBOpEI ¢ PH cpensl B naTepBane 3,2-5,7. K
HUM J00aBJIsUTH OIMHAKOBBI 00beM 1% mekTuHCOIep-
JKAIIEro PaCcTBOPA U U3MEPSUIN BPEMs UCTEUEHHSI KU JIKO-
CTH C TIOMOII[LIO BHCKO3UMETpa. Pe3ynbrarsl mpeacras-
JICHBI B Ta0uIIe 4.

Tabnuuya 4 — 3asucumocms epemenu ucmeuenusn u ea3kocmu pacmeopoe om PH cpeovt

No pH t, cex M oin
1 - 12,96 -
2 3,2 15,17 1,171
Ilpumeuanue:
3 3,7 15,10 1,165 7, = 6AZKOCHIb OMHOCUMETBHAS;
4 4,2 15,23 1,175 t—epens
5 4,7 15,02 1,159
6 5,2 14,59 1,126
7 57 14,95 1,154

Ha rpaduueckoii 3aucumoctu M ot pH cpenst
(puc. 4) Bugno, uto npu PH 5,2 HabmomaeTcs oTveT-
JINBO BBIPAKEHHBIM MUHUMYM BSI3KOCTH. B Takoi cpene

446

MouieKyiibl [IB ayieKTpOoHEUTpabHbl U NOIUIECKTPOIUT
HAaxXOJIUTCsl B U302JIEKTPUUECKOM cocTossHUU. 1Ipu aTom
MOJICKYJIbI CBEPHYTHI B IUIOTHBIA KITyOOK, KOTOPBIH OKa-
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3BIBAaCT MEHBIIECE COMPOTHUBICHHE TEUYEHHUIO, YeM pac-
MpsIMJICHHAS. MOJIEKyJIa.
ITpu pH Hmxe u Bhiie 5,2, BA3KOCTh YBEJINUNBACT-

cs, Tak kak Mosiekyaa [IB pacnpsimisercs, yBennuuBaeT-
cs ee oobem. [Ipu pH<5,2 mMonekyna 3apspkaercs 1mosuo-
KHUTEIBHO, Ipu PH>5,2 — 3apsiy oTprLaTeNbHBIH.

1,18
. TN
1,16
1,15 \ /
d \ L
1,14 \ /
1,13 \/
1,12
0 1 2 3 4 5 6 7
pH

Pucynox 4 — 3aeucumocmov omnocumensvuoii ¢sskocmu (1, ) 1% pacmeopa IIB om pH cpeovt

W3BECTHO, YTO €CITH MOIUMEP HAXOIUTCS B U303JICK-
TPUYECKOM COCTOSIHUHM, TO MEHSIIOTCSI ero (DU3UKO-XHU-
MHUYECKHE CBOWCTBA. 3IEKTPOMPOBOIMMOCTH, OCMOTHU-
4YecKoe JaBJeHHe, CTENCHb JACHATYPAllMH U HaOyXaHus,
MeXaHW4YeCcKasl MPOYHOCTh CTymHed u ap. [2, 13, 17].
[TosTOMY, YCTaHOBJIEHHE H303JIEKTPUUYECKON TOUKH MO-

JIMBIICKTPOJINTA TIO3BOJIUT BIHATH HAa CBOWMCTBA MEKTHH-
CoZlepKalUX PacTBOPOB.

Wsydanach COpOLMOHHAS CIIOCOOHOCTB MOITYYCHHBIX
TIEKTHHOBBIX BellecTB. B Tabnuie 5 orpaxkeHa 3aBHCUMOCTb
KOHLICHTPALMH HOHOB CBHHIIA OT BPEMEHH B TIpoLiecce copo-
MU TIPU KOHTAKTE C UCCIieiyeMbIM Oromnonimepom [18-20].

Tabnuya 5 — Hzmenenue KonyeHmpayuu UOH06 C6UHUA 8 600HOIL (haze pacmeopos IIB
aucmoves pAOUHHUKA PAOUHOTUCHIHO20

= Ka- Ka- % cBsi3bIBa-
E Obbem, I—CI:I/(I)él %’%21, I—CI:I/(I)él %’%21, }(I)I/I(;I I/I:z)HOal; Kl/C
- M M MMOJIB/JT Pbh2+ METT
0 4,75 98,4 47,5 - -
10 2,4 49,7 24,0 49,5 324,7 Ilpumeuanue:
20 2,2 45,6 22,0 53,7 352,0 t—epems,
30 21 435 21,0 55,8 366,0 K, C — xomnaexcoobpasyiowas cnocobnocmo
40 2,0 41,4 20,0 57,9 380,0
50 1,9 39,4 19,0 60,0 393,3
60 19 39,4 19,0 60,0 393,3

Karnon Meramia v MEKTHH YYacTBYIOT B PEaKIUH
obpas3oBanus coiell — mekraroB MeTamioB. C HCMONb-
30BaHHeM MeTona u3omupoBanus OctBanpaa (Tabm. 6)
YUUTHIBAIA U3MEHEHUE KOHIIEHTPAIMH HOHOB METAJIa C
MUHAMAJILHBIM BIMSHUEM KOHIIEHTPAIMU OHOTIOIMMEPA.

[IpuMeHUTENBHO K ATOMY METOJTY, JaHHAsI PEaKIIUs MPo-
TEKaeT ¢ M30BITOYHBIM KOJHUCCTBOM IOJUIJICKTPOJIHTA,
B JIAHHOM CJTy4yac MEKTUHA, TIPH 3TOM CKOPOCTh COPOIIUHU
MIPOIOPIIMOHAIbHA KOHIIEHTPALUK HOHA METaJlIa, B35TO-
T'O B HEJIOCTATKe.

Taonuya 6 — Pezynomamot IKCREPUMEHMATILHOZ0 HAXO0MCOCHUS 6EIUYUNHDL A0COPOUUU

t | S | AC A finac| A, | UAC | VA
M MMOJIB/JI | MMOJIB/JI | MMOJIB/T o B
I1B nuctheB psOMHHMKA PSAOMHOIMCTHOTO Ipumenanue:
0 475 : ; N N : N t — epems;
d C — pasnosecnas xonyenmpayus,
10 24,0 23,5 15,67 3,16 2,75 0,043 0,064 AC — paznocmu KoHyenmpayuii pacmeopos
20 22,0 25,5 17,00 | 3,24 | 2,83 0,039 | 0,059 | 9o unocaeadcopoyuu, 5
30 [ 210 | 265 | 1767 [328] 2,87 [ 0038 |[0,057 fgpguj;c”epm”m‘”b”“” pema A
40 20,0 27,5 18,33 [ 3,31 | 291 0,036 | 0,055
50 19,0 28,5 19,00 | 3,35 | 2,94 0,035 [ 0,053
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Koncranty K Haxomunu mo BeIM4YMHE OTpe3Ka, OT- Haiinennble 3Ha4eHUs] KOX(PPUIMECHTOB ypaBHEHHS
CeKaeMoro ImpsMod Ha ocu opauHar. AncopOunonHbit  ®peinymxa s [1B u3 nucTheB psiOMHHUKA PSIOHHO-
MoKazaTelb (%) OmpejieieH M0 TaHTEHCYy yIila HakjioHa  JucTHoro cocraswin K=1,46; 1/n=0,9.

MPSIMOM K ocu abcrucc.

4

3,5

3 ,/"'
2,5 ,/
2 Prad

InA>

0 0,5 1 1,5 2 2,5 3 3,5
InAC

Pucynok 5 — I'paghuueckoe onpedenenue koncmanm ypasuenus Opeinonuxa
ona IIB nucmuee padunnuKa padouUHOIUCHIHO20

0,05
0,045

0,04 P 4

0,035 '[

0,03
)

I~
<0,025 T
= 0.02 T
0,015 T

/
7
0,01 =
0,005
0
0 0,01 0,02 0,03 0,04 0,05 0,06 0,07

1/AC

Pucynok 6 — I'pagpuueckoe onpedenenue koncmanm ypasuenus Jlenemwopa onsn IB nucmoee paounnuka

KoHcTranTa Aco Haxommiachk IO BEIHYHHE OTpPe3Ka Haiinennsie 3HaueHUsI KOX(PPHUIUECHTOB YpaBHCHHS
1
OJ1= 5. Vcxons u3 dusnueckoro cmpicna kodbuumen- Jlerrmropa st I1B U3 nucTheB psAOWHHIKA PIOUHOINCT-
ta (D), YTO OH paBeH KOHICHTPALMH TIPH —, yaBouan  HOro coctaBumu Aco=133; b=167. B tabnuie 7 npen-
otpesok OJ] u Hamma OM= 7. CTaBIJICHBI HAWJICHHBIC BEIMIMHEI aICOPOIIHH.

Taonuya 7 — Coomuouienue IKCnEPUMEHMANbHOU 6eNUYUHDL AOCOPOYUL C PACUENHBIMU

AC, A, A_, A,
MMOJIB/JT MMOJSII)/F MMo;L/r MMO?IL/F AfAy | AJA,
I1B nuctbeB psAGMHHKKA fg”f"e‘m”"e : ) )
— PA3HOCMb KOHYEHMPayull pacmeopos 00 u no-
235 | 1567 | 2493 [ 1641 [ 0629 [ 0955 | bon TP PR
25,5 17,00 26,84 17,62 0,633 0,965 A, — oxcnepumenmanvhas éeruuuna aocopoyuu;
26,5 17,67 27,78 18,21 0,636 | 0,970 | A4,- aocopbyus no ypasnenuio @peiinoruxa;
27,5 18,33 28,73 18,88 0,638 | 0,971 | 4,—adcopbyus no ypasnenuio Jlenemiopa
28,5 19,00 29,66 19,35 0,641 | 0,982
CpenHue BeTUYHHBI: 0,64 0,97
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Pe3yJ'IBTaTBI II0Ka3aJii, 4YTO MaKCHMaJIbHOEC CBS3bIBa-
HHE MOHOB PD?" IMEKTHHOM JIHCTHEB PAOMHHHKA PSIOUHO-
sctaoro B 50 munyT cocrasisier 60,0%. B nepecuere Ha 1
T copOeHTa COOTBETCTBEHHO paBHO 39,4 MI' HFOHOB CBUHIIA.

3akarouenue. B pesynbrare MccienoBaHUs OTpe-
JIeJIcHa CPEJIHSST MOJICKYISIpHAsT Macca, KOTopas paBHa
32923 r/monb. OmpeneneHue CpemHel MOJIEKYIAPHOI
MacCChI U H303HGKTqueCKOﬁ TOYKHU IO3BOJIAIOT YCTAHO-

BUTHh BO3MOXKHOCTh Hanbosee 3PpeKTHBHOTO HUCIIOIb30-
BaHUS PACTUTENILHOIO ChIpbs. PUBNYECKUE U TEXHOJIO-
TMYECKUE CBOMCTBA IEKTUHOBBIX BEILECTB 3aBUCST OT UX
MOJIEKYJISIpHOM Macchl. 1o BelMyuHe MOIy4YeHHBIX U30-
TEPM CIEIyeT cleaarb BbIBOJ, YTO 3aBUCHMOCTb BEJIU-
YHHBI aICOPOIINU OT PAaBHOBECHOM KOHIIEHTPAILIMN HOHOB
CBUHIIA B OOJBIICH CTENEHH MOAYMHSACTCS YPaBHEHHIO
Jlenrmropa.

Introduction. Currently, searching for new sources
of raw materials of biologically active substances of plant
origin is very important. Unlike synthetic substances, me-
dicinal plants and preparations on their basis possess a wide
spectrum of pharmacological action combined with very
low toxicity. Pectins are high-molecular compounds of in-
disputably plant origin, which are recognized as absolutely
non-toxic and pharmacologically safe biologically active
substances. Pectins are especially effective for the diseases
related to lipid and carbohydrate metabolism. Pectic sub-
stances are used for treatment the diseases of the gastroin-
testinal tract, diabetes, atherosclerosis, hemophilia, wounds
and burns [1-4].

Practical use of pectins is due to their widespread
distribution, relatively easy isolation and high pharma-
cological activity. Nowadays an intensive study of the
relationship between the structure and physico-chemical
properties of pectin polysaccharides is being carried out,
and the studies of the sorption and complexing pectin
properties are also being expanded [5-7].

Sorbaria sorbifolia belongs to the rose family (Ro-
saceae DC). As for its distribution, the following can be
noted: the representatives of this family are widely dis-
tributed around the globe, but the most diverse are tem-
perate and subtropical belts of the both hemispheres, es-
pecially the temperate belt of the Northern Hemisphere.
The family covers a wide range of life forms of plants:
deciduous and evergreen trees, deciduous and evergreen
bushes and shrubs, perennial and annual grasses. Their
leaves can be regular, rarely opposite, simple or com-
pound, mostly with stipules. As the object of the study
the leaves of Sorbaria sorbifolia, harvested in July—Au-
gust 2016, were used.

The aim of the work was to study rheological prop-
erties of aqueous solutions of pectin substances obtained
from the leaves of Sorbaria sorbifolia (L.).

Materials and methods. Secretion of polysaccha-
rides from the leaves of Sorbaria sorbifolia was carried
out fraction by fraction on the basis of N.K. Kochetkov
and M. Sinner’s method: 1st — WSPS (water soluble
polysaccharides), 2nd — PS (pectic substances), 3rd - Hz
A (hemicellulose A) and 4th — Hz B (hemicellulose B)
[1, 8-10] (Fig. 1).

With an Oswald capillary viscometer the average
molar mass was determined [10-12]. The time of the wa-
ter outflow and as well as the outflow of solutions of PS
(pectic substances) was measured, the relative viscosity
(n) was calculated taking into account the density (p,, p)
of solutions (Formula 1):

n=

tXp
to X po (1)

The average molar mass (Formula 2) was calculated
in magnitude to the intrinsic viscosity and Mark-Kuhn-
Hauwink’s equation:

[n]= K x M¢ @)

The values of the constants K and a are taken from
the literature [1, 2].

On the basis of experimental data, the adsorption ca-
pacity of PS from the leaves of Sorbaria sorbifolia was
estimated [12-14].

The calculation of the experimental value of adsorp-
tion was carried out according to Formula 3:

X (Co B Cequu/) xV

A= o T
m m @),

where X — quantity of adsorbate (mmol);

m i— unit mass of the adsorbent (g).

The results are shown in Table 6.

The calculation of the adsorption at the interface
“solid-liquid” was carried out according to Freundlich’s
and Langmuir’s equations [13-16].

Here is Freundlich’s equation (Formula 4):

1

A =KCn “)

To determine the constants K and % the following
logarithmic relationship is used:

1
InA = InK + HlnC , ©)
where A — experimental of adsorption amount;

C — equilibrium density, mmol/L.

The values of the constants are found according to
the graphical dependence In= = f(InAC), presented in
Fig. 5.

Langmuir’s equation (Formula 6):

Ae X C
A= b+c ’ (6)
where Ao u b — constants;

C — concentration of adsorbate in a state of adsorp-
tion equilibrium, mmol/L.

To determine the constants A« and b, it is more
convenient to use the linear form of the equation (For-
mula 7):

1 b 1

A AxXc + A @)

To determine the constants, the graphical depen-
dence 1 / A =f (1 / AC) presented in Figure 6 was
used.

Results and discussion. While gravimetric analyz-
ing it was found out that in quantity WSPS (water solu-
ble polysaccharides) and PS (pectic substances) predom-
inate. The results are shown in Table 1.
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Leaves of
Sorbaria sorbifolia

Treatment with chloroform (degreasing)

A 4

| Degreased raw materials |

Extraction with purified water for 24 hours

/\

| Water extraction | Extraction cake

Extraction with a mixture of
Alcohol precipitation, 0.5% oxalic acid and 0.5% ammonium
centrifugation oxalate solution for 1 hour
Water-soluble
polvsaccharides

Acidulous extraction Extraction cake

Alcohol precipitation, Treatment
centrifugation with  7.5%  sodium
hydroxide solution

Pectic
substances

Extraction cake

AlKkali extraction

Neutralization,
centrifugation

Hemicellulose A Supernatant fluid

Dialysis, alcohol
precipitation,
centrifugation

Hemicellulose B

Figure 1 — Scheme for the isolation of polysaccharide complexes from the leaves of Sorbaria sorbifolia

Table 1 — Percentage yield of PS and WSPS of Sorbaria sorbifolia

Type of raw material, fraction Leaves of Sorbaria sorbifolia
PS 9.2%
WSPS 1.0%

The structure and properties of high-molar mass species  a direct dependence on the method of obtaining this biopoly-
is determined by the average molar mass (M.M.), which has  mer. The measurement results are shown in Table 2.

Table 2 — Measurement results of the viscosity of aqueous solutions of PS (pectic substances),
obtained from Sorbaria sorbifolia

PS from Sorbaria sorbifolia
C,OA) tv Sec. 77rel. 77spec. visc. ngiven,
H,0 12.35 Note:
2 : C - concentration of the solution;
0.05 14.20 1.15 0.15 3.00 t - time:
0.10 16.18 1.31 0.31 3.10 11, — relative viscosity;
0.20 20.30 1.64 0.64 3.20 N spec. vise. ~ specific viscosity;
1 iven— VISCOSItY is given
0.40 29.55 2.39 1.39 3.48 ghven:
0.80 57.35 4.64 3.64 4,55
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The relative viscosity, which characterizes the in-
crease in the viscosity of the solution as compared with the
viscosity of the solvent, increases with increasing concen-
tration. The polymer molecules begin to interact with each

other and the curve is drawn by convexity to the abscissa
axis. Perhaps, the system is being structured [2, 12, 13].

The graphic dependence of n, on C is presented in
Figure 2.

3,5

2,5

Nrel

1,5

0,05 0,1

C, %

0,2 0,4 0,8

Figure 2 — Dependence of relative viscosity on solutions concentration of PS

The value of the intrinsic viscosity, which reflects
the thermodynamic resistance to the flow of biopolymer
molecules, was determined by the value of the segment

cut off on the ordinate axis; using the Ngiven = f(C) equa-
tion the value of [n] was determined. The dependence
graph is depicted in Figure 3.

5

/

4 /
3,5 4

3—;04/

0 T T
0,4

0,6 0,8 1

C, %

Figure 3 — Dependence of the reduced viscosity on concentration

The average molar mass was calculated using the
value of intrinsic viscosity and Mark-Kuhn-Houwink’s
equation. While calculating this indicator the following

corresponding values from the literature data were used:
K = 1.1:10-5, a = 1.2 [1]. The results are presented in
Table 3.

Table 3 — Results of molar mass determination

Intrinsic viscosity |

Average molar mass, g/mol

Name of raw material

PS

Leaves of Sorbaria sorbifolia 2.9

| 32923

Pectic substances can be attributed to ionic poly-
mers. The degree of dissociation of the polar groups, the
magnitude of the charge are related to the pH medium.
Macromolecules of water-soluble polyelectrolytes disso-
ciate, splitting simple ions into the solution, and make

up a multiply charged polymer ion. The reaction of the
medium determines not only the charge of the ion, but
also the conformation of molecules associated with the
changing properties of the polyelectrolyte.

Therefore, studying the effect of the pH medium on
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the viscosity of PS solutions was attractive. Buffer solu-
tions with pH medium in the range of 3.2-5.7 were pre-
pared. The same volume of 1% pectin-containing solu-

tion was added to them and the time of the liquid outflow
was measured with a viscometer. The results are shown
in Table 4.

Table 4 — Dependence of the time outflow and viscosity of solutions on the pH medium

No. pH t, sec. e,
1 - 12.96 -
2 3.2 15.17 1171
3 3.7 15.10 L165 | (.
4 4.2 15.23 1.175 n,, — relative viscosity
5 4.7 15.02 1.159
6 5.2 14.59 1.126
7 5.7 14.95 1.154

The graphic dependence of i on the pH medium
(Figure 4) shows that at pH = 5.2 a distinct mini-
mum viscosity is observed. In such a medium the
PS molecules are electrically neutral and the polye-
lectrolyte is in the isoelectric state. In this case the
molecules are folded into a dense tangle, which ex-

erts less resistance to the flow than a straightened
molecule.

At pH below and above 5.2, the viscosity increases
as the molecule straightens PS, its volume increases. At
pH<5.2 a molecule is positively charged, at pH>5.2 it has
a negative charge.

1,18

N\

. \\/

1,16

N\

1]rel

1,14

pH

Figure 4 — Dependence of the relative viscosity of a 1% PS solution on the pH medium

It is known that if a polymer is in the isoelectric state,
its physico-chemical properties change: electrical con-
ductivity, osmotic pressure, the degree of denaturation
and swelling, mechanical strength of jelles, etc. [2, 13,
17]. Therefore, the establishment of the isoelectric point

of the polyelectrolyte will allow to influence the proper-
ties of pectin-containing solutions.

The sorption capacity of the obtained pectic sub-
stances was studied. Table 5 presents the dependence of
the lead ion concentration on the time of the sorption pro-
cess in contact with the biopolymer under study [18-20].

Table 5 — Changes in the concentration of lead ions in the aqueous phase of PS (pectic substances)
solutions from the leaves of Sorbaria sorbifolia

Time, v ml Mass content | Mass content of | % of binding K.C
min. ’ of Pb?*, mg Pb?*, mmol/l Pb?*ions 1
0 4.75 98.4 47.5 - - )
10 2.4 49.7 24.0 49.5 324.7 {“_"ttfﬁe_
20 22 45.6 22.0 53.7 352.0 | o~ complexing ability
30 2.1 43.5 21.0 55.8 366.0
40 2.0 41.4 20.0 57.9 380.0
50 1.9 39.4 19.0 60.0 393.3
60 1.9 39.4 19.0 60.0 393.3
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The metal cation and pectin participate in the forma-
tion of metal-pectate salts. Using Ostwald’s isolation meth-
od (Table 6), the change in the concentration of metal ions
with a minimal effect of the biopolymer concentration was

taken into account. With respect to this method, this reac-
tion proceeds with an excess amount of polyelectrolyte, in
this case of pectin, while the rate of sorption is proportional
to the concentration of the metal ion taken in deficiency.

Table 6 — Results of experimental determination of the adsorption magnitude

i C ' AC’ Aex erim.’
Tr:]%e’ mr$1bc2)+lll mmol/I mrr?ol/g InAC InAexpeﬂ VAC | U Aexpef
PS solutions from the leaves of Sorbaria sorbifolia

0 475 - - - - - -

10 24.0 23.5 15.67 | 3.16 | 2.75 |0.043| 0.064
20 22.0 25.5 17.00 | 3.24 | 2.83 |0.039| 0.059
30 21.0 26.5 17.67 | 3.28 | 2.87 |0.038| 0.057
40 20.0 27.5 18.33 | 3.31 | 291 |0.036| 0.055
50 19.0 28.5 19.00 | 3.35 | 2.94 |0.035| 0.053

The constant K was found by the value of the seg-
ment cut off by a straight line on the ordinate axis. The
adsorption index ( % ) was determined by the slope of the
straight line to the abscissa axis.

Note:

t — time;

C - equilibrium concentration;

AC — concentration difference of the solutions
before and after adsorption;

A, - experimental value of the adsorption

The found values of the coefficients of Freundlich’s

equation for PS from the leaves of Sorbaria sorbifolia
were: K =1.46; 1/n=0.9.

InA»

4

3,5
3

/

2,5

|

2

1,5

prad

1 8

0,5 /

~g

0
0 0,5

1,5

InAC

2,5 3 3,5

Figure 5 — Graphic determination of the constants of Freindlich’s equation
for the PS from the leaves of Sorbaria sorbifolia
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Figure 6 — Graphical determination of the constants of Langmuir’s equation
for the PS from the leaves of Sorbaria sorbifolia
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The consi[ant Aoo was found by the value of the seg-
ment OD = s On the basis of the physical meaning of
the coefficient (b), that it is equal to the concentration at
ATOO, the segment of OD was doubled and OM = % was
found.

The found values of the coefficients of Langmuir’s
equation for the PS from the leaves of Sorbaria sorbi-
folia were: Aoo = 133; b = 167. Table 7 shows the found

adsorption values.

Table 7 — Ratio of experimental adsorption values to the calculated ones

AC’ exper., AF’ AL'
mmol/I mmgllg mmol/g | mmol/g EXPE'/AF eXPef-/AL-
PS from the leaves of Sorbaria sorbifolia Not
ote:
235 15.67 24.93 16.41 0629 | 0.955 | AC - concentration difference of the solutions before
25.5 17.00 26.84 17.62 0.633 0.965 and after adsorption;
A, - experimental value of adsorption;

26.5 17.67 27.78 18.21 0.636 0.970 A_ - adsorption according to the Freundlich equation;
27.5 18.33 28.73 18.88 0.638 0.971 A, —adsorption according to the Langmuir equation
28.5 19.00 29.66 19.35 0.641 0.982

Average values: 0.64 0.97

The results showed that the maximal binding of Pb?
ions in Sorbaria sorbifolia leaves by pectin within 50
minutes is 60.0%. Expressed as 1 g of sorbent, it respec-
tively equals to 39.4 mg of lead ions.

Conclusion. As a result of the study, the average mo-
lar mass is determined as 32923 g/mol. The determination
of the average molar mass and the isoelectric point makes

it possible to state the possibility of the most effective use
of plant raw materials. Physical and technological proper-
ties of pectic substances depend on their molar mass.

The value of the obtained isotherms makes it possi-
ble to state that the dependence of the adsorption amount
to equilibrium concentration of lead ions is more subject
to Langmuir’s equation.

=

10.

11.

12.

13.
14.
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