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Molecular weight characteristics and sorption properties
of pectin extracted from different substrates

© Lyudmila L. Semenycheva, Nadezhda V. Kuleshova, Alexandr V. Mitin,
Tatiana A. Belaya, Darya V. Mochkina

Lobachevsky State University of Nizhny Novgorod,
Nizhny Novgorod, Russian Federation

Abstract: The study of natural polymers is one of the most advanced tasks of modern chemistry. One of
these polymers is the common polysaccharide pectin. Widespread acid hydrolysis was used to extract pectin
from various substrates. Oxalic, citric and hydrochloric acids have been investigated for this purpose. The
water-soluble pectin-containing fraction was extracted from the apples, sugar beet, lemon peel, pine nee-
dles. The optimal condition is heating the substrate in a boiling water bath for 1 hour with reflux in a solution
of hydrochloric acid (pH 2-3). We neutralized the extract after cooling with an ammonia solution to isolate
the dry powder of the pectin-containing component and the pectin was precipitated with ethanol. The study
of pectin solutions by the method of gel permeation chromatography showed that they most often have three
polymer fractions that are close in molecular weights: ~17-20, ~10-12 and ~0.5 kDa. The content of the last
fraction in all selected samples is predominant. Solutions of pre-planted powders of the pectin-containing
fraction significantly differ from the previously discussed results: the oligomeric fraction is practically absent
in them. For a number of samples of pectin powders, the degree of esterification was determined by potenti-
ometric titration. The dependence of the degree of esterification on both the feedstock and the isolation
method was revealed. The method of reverse complexometric titration was used to study the sorption
capacity of pectin. The analysis results suggest that there is an inversely proportional dependence of the
degree of lead sorption of the pectin sample on its degree of esterification.
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YOK 542

MoneKynsipHO-MacCoOBble XapaKTePUCTUKU N COPOLIMOHHbIE
CBOMCTBA NEeKTUHA, BblAENIEHHOro U3 pasHbIX cyocTpaToB

JL.J1. CemeHblueBa, H.B. Kynewosa, A.B. MutuH,
T.A. benas, [1.B. Mo4kuHa

Hwxeropoacku rocyaapcTBeHHbI yHuBepcuTeT um H.A. JlobayeBckoro,
HwxHuin Hoeropog, Poccuiickaa ®enepaums

Pe3rome: VccriedosaHue npupoOHbIX MoauMepos sieissemcsi 00HoU u3 repedosbix 3aday cospeMeHHOU Xu-
muu. OOUH U3 makux rnonumMepos8 — nosnucaxapudHbll nekmuH. [ns e2o ebideneHuUs1 U3 pasHbix cybcmpa-
moe ucrnosb308asiu WUPOKO pacrnpocmpaHeHHbll KUcnomssilt eudponu3d. [ns amol uenu uccredosaHsbl
waeerneesasi, JIUMOHHasi U consHas Kucriomsl. BoOopacmeopumyto nekmuHcooepxawyto ghpakyuro 8bioess-
JIU U3 KOXYphbl, AOPbILUEK U XMbixa S6/10K, XMbixa caxapHoU C8€eKIIbl, TUMOHHOU KOPKU, X80U COCHbI. Onmu-
MarbHbIM ycriogueM sierisemcsi HagpesaHue cybcmpama Ha Kunswel eodsiHoli baHe 8 meydeHue 1 4 ¢ 06-
pammHbiM X05100UfTIbHUKOM 8 pacmeope cosisHol kucromsl (pH = 2-3). [lnsa ebideneHusi cyxoao nopowka
rnekKmuH-codepxauje2o KOMIMOHEeHmMa 3KCmpakm rocrie oxnaxoeHusi Helimparnu3osasnu pacmeopoM aMmmua-
Ka U ocaxdanu rnekmuH amaHosioM. MccnedosaHue pacmeopos rnekmuHa mMemodoM eeribripoHuKarowel
Xpomamoezpacbuu rokasarsio, Ymo OHU UMEMm Yauje 8ce20 mpu rosuMepHble gopakyuu, briuskue no 3Hadye-
HUI MOneKynspHbix macc: ~17-20, ~10-12 u ~0,5 kJa. CodepxxaHue rocriedHel pakyuu 80 8cex 8bl0e-
JNIleHHbIX obpasuax O6bI10 npeuMyulecmeeHHbIM. Pacmeopbl npedeapumesisHO B8bICaXXEHHbIX OPOWKO8
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nekmuHcodepxawel hpakyuu 3amMemHo omau4yanaucb om paHee 0b6CY)XOEHHbIX pe3yibmamos: 8 HUX Ofu-
2oMepHas (hpakyusa npakmudecku omcymcemesyem. [ns psda obpa3yoe nopowkos nekmuHa bbinia onpede-
fieHa cmerneHb 3mepuchukayuu MemoooM MoMeHUyUOMempuUYeCcKkoeo mumposaHusi. BbisieneHa 3asucu-
Mocmb cmeneHu amepughukayuu Kak om UcXo00HO20 Cbipbsi, mak u om criocoba ebideneHus. [nsa usyvyeHus
copbuyuoHHOU crocobHocmu rnekmuHa, 8blI0esIeHHO20 U3 pasHbix cybcmpamos, npuMeHsinu memod obpam-
HO20 KOMIMIIEKCOHOMEeMPUYECKO20 mumposaHusi. Pe3ynbmamel aHanu3a rno3eosisiiom ymeepxoamb, 4mo
umeem Mecmo 06pamHO rPOorNopyYUOHaIbHas 3a8ucuUMOCmb cmeneHu copbyuu ceuHuya obpasua nekmuHa
om e2o cmerneHu asmepughuxkayuu.

Knroyeebie croea: ﬂeKmUHCOOG‘,D)KaLL(aFI (bpaKL{UFI, cmerieHb amepucbw(auuu, MOJIEKYIIAPHO-Maccoeble
Xapakmepucmuku, COp6L(UOHHaFI criocobHocmb

BnazodapHocmu: lpu 8binonHeHuu 0aHHoU pabombl UCnob308aHO 0bopydosaHue LleHmpa konnekmus-
HO20 nonk308aHus Huxezaopodckozo eocydapcmeeHHo20 yHugepcumema um. H.U. Jlobauesckozo «Hoeble
mMamepuarnbi U pecypcocbepezarouue mexHonoauuy.

Ana yumupoeaHusi: CemenblveBa J1.J1.,, Kynewosa H.B., MutnH A.B., benaa T.A., MoukuHa [.B.
MonekynspHO-MaccoBble XapaKTEPUCTUKN U COPOLIMOHHbIE CBOWCTBA MEKTMHA, BbIAENEHHOrO U3 pasHbIX
cybectpatoB. U3eecmus 8ys308. [lpuknadHas xumuss u 6uomexHonozaus. 2020. T.10. N4. C.728-737.
https://doi.org/10.21285/2227-2925-2020-10-4-728-737

INTRODUCTION

Natural polymers are currently the most widely
used. Pectin is a water-soluble biologically active pol-
ymer and has universal properties: sorption, radiopro-
tective properties, gelling ability. It has various applica-
tions in the food industry, medicine and animal
husbandry due to its physicochemical and functional
properties [1-8]. Pectin poly-saccharides are especial-
ly common in fruit and vegetable materials [8-11].
Publications devoted to the isolation of pectin from
various substances are numerous, however, the
methods of isolation, and, accordingly, the properties
of the isolated products differ markedly [9, 11-16].
There are different approaches to the analysis of im-
portant properties of pectins, presented both in articles
on experimental data and in reviews [5, 8, 17-22]. It
has been shown that the hydrolysis time affects the
change in the size and branching of polymers [20]. In
addition, the strength of acid affects the chain length:
the stronger the acid acts in hydrolysis, the lower the
molecular weight of the resulting molecule. At pH = 1,
the extracts are especially rich in rhamnogalacturonan,
the nature and amount of side chains also differ de-
pending on the extraction conditions [23]. Gelation is
one of the most important characteristics of pectin. A
number of factors-pH, presence of other solutes, mo-
lecular size, degree of methoxylation, number and ar-
rangement of side chains, and charge density on the
molecule — influence the gelation of pectin. In low-
methoxyl pectin, gelation results from ionic linkage via
calcium bridges between two carboxyl groups belong-
ing to two different chains in close contact with each
other. In high-methoxyl pectin, the cross-linking of pec-
tin molecules involves a combination of hydrogen
bonds and hydrophobic interactions between the mol-
ecules [24]. Recent research has demonstrated how
cross-linking of pectic polysaccharides to obtain gel
formation can be promoted by enzymatic catalysis
reactions [25]. In general, the chemistry and mecha-
nism of pectin-based crosslinking are well understood
from the point of view of pharmacy, biology and ecolo-

gy. They are used as a immunostimulatory and anti-
inflammatory drug [1, 26]. Even the bioactivity of pectin
as antibiotics has been studied [27]. Crosslinked hy-
drogels have valuable properties such as volubility,
swellability, solvability and hydrophilicity, which make
them better alternative for wastewater treatment. The
adsorption characteristics of pectin based hydrogels
can be upgraded by using nanoparticles, which
prompts to the development of hydrogel nano-
composites [2, 4, 7, 28].

The aim of this work is to obtain comparative da-
ta on a water-soluble pectin-containing fraction iso-
lated by acid hydrolysis from various substances, by
molecular weight parameters and sorption ability.

EXPERIMENTAL

Preparation of starting materials for the
experiment. The raw materials were dried in a vacu-
um oven at a temperature of 45-50 °C, crushed,
treated several times with acetone to remove essen-
tial oils, sugars, wax.

Methodology of extraction of the pectin-
containing fraction from various substrates. Pectin
was extracted from the feedstock with a solution of
acid with pH 2-3 (hydrochloric, boric, oxalic, phos-
phoric, acetic) under heating in a boiling water bath
in a flask under reflux for 1 hour. The hot extract
was separated by filtration through nylon tissue. The
filter residue was washed with hot water until the
ions of the acid residue were negatively reacted.

Methodology for isolating the pectin-containing
component from the solution by evaporation of the
solvent. The extract was placed in a flask of rotary
evaporators and evaporated for 2—3 hours at 800 °C
under reduced pressure. Evaporation was continued
to a volume of about 50—-100 ml.

Methodology for isolating the pectin-containing
component from the solution by reprecipitation. To
isolate the dry powder of the pectin-containing com-
ponent, the extract, after cooling, was neutralized
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with an ammonia solution and pectin was precipitat-
ed with ethanol. The pectin isolated on a filter from
kapron tissue was washed with alcohol and then
dried to constant weight.

Analysis of molecular mass characteristics. The
determination of MMD was performed by Gel per-
meation chromatography (GPC) in the center of col-
lective use of equipment of Lobachevsky State Uni-
versity using a Shimadzu CTO20A/20AC high-
performance liquid chromatograph (Japan) with LC-
Solutions-GPC software module. Separation was
performed on a Tosoh Bioscience TSKgel
G3000SWxI column with a pore diameter of 5 um.
An ELSD-LT Il low-temperature light-scattering de-
tector was used as a detector. An eluent was a
0.5M solution of acetic acid. A flow rate of
0.8 ml/min. For calibration, finely dispersed dextran
samples with a molecular weight range (MM) of
1000-410000 Da (Fluca) were used.

Method for determining the degree of esterifica-
tion of pectin [10]. To determine the degree of es-
terification, a weighed portion of pectin 0.5 g of the
powder was dissolved in water at a temperature of
about 40 °C. The resulting solution was titrated po-
tentiometrically with a 0.1 M sodium hydroxide solu-
tion. Mass fraction of w;free carboxyl groups was
calculated by the formula:

Wy, % = Vl(NaOH)T:C(NaOH) . 0.45

1)
Vi(NaOH) - equivalent volume of alkali, mi;
C(NaOH) — alkali concentration, mol/l; m — pectin
weight, g; 0.45 — conversion factor for the mass of
carboxyl groups.

Then, 10 ml of 0.5 M NaOH was added to the
neutralized sample and kept at room temperature
for hydrolysis of methoxylated carboxyl groups. After
2 hours, 10 ml of 0.5 M HCI was added to the sam-
ple and its excess was titrated potentiometrically.
The mass fraction of esterified groups of w, was
calculated by the formula:

Wy, % = Vz(NaOH)rzC(NaOH) . 0.45

)
The degree of esterification was calculated by
the formula:

V2
Vi +V,

Q:

-100% 3)

Methodology for determining the sorption
capacity (SC) of a pectin-containing fraction [10]. A
weighed portion of pectin (0.3-0.5 g) was dissolved
in distilled water, transferred to a 100—200 ml volu-
metric flask, 50 ml of a lead acetate solution with a
concentration of 0.07 mol equivalents/| were added,
and the volume was adjusted to the mark with dis-
tilled water. After an hour, the solution was filtered
through a filter of nylon fabric. An aliquot of the fil-
trate (20 ml) was placed in a titration flask, 20 ml of

0.1 mol equivalents/I of complexon Il solution, 15 ml
of ammonia buffer solution (pH 10) and a few drops
of the eriochrome black T indicator solution were
added. It was titrated with 0.1 mol of zinc sulfate
solution equivalents/| till the transition color. The
control experiment was carried out similarly, but
without the addition of pectin. The mass of lead ions
remaining in the solution after sorption was calculat-
ed by the formula:

(€1 V1 = C3 V)XM(Pb* )V
Val

m (Pb?%) =

(4)

C,, V; — concentration (mol equivalents/l) and vol-
ume (ml) of complexon Il solution added to an ali-
quot of lead pectin solution; C,, V, — concentration
(mol equivalents/l) and volume (ml) of zinc sulfate
solution; M(Pb2+) — molar mass of lead equivalent,
g/mol; V,, V4 — volume of volumetric flask and ali-
quot volume, ml.; m(Pb2+) — mass of lead lead ions,
mg.

The mass of lead ions in the control solution
was calculated by a similar formula.

The sorption ability of pectin was calculated:

mPb?t —my P2t

m(pectin)

CC= , mgPb*t/g  (5)

Methodology for sample preparation and analy-
sis on a scanning microscope. The structure of the
obtained pectin product was studied using a JSM-
IT300 scanning electron microscope (JEOL Ltd.,
Japan). Samples of dehydrated pectin of lemon raw
material were visualized. Dehydration of the sam-
ples occurred directly in the JSM-IT300 chamber
under low vacuum.

RESULTS AND DISCUSSION

Widespread acid hydrolysis was used to isolate
pectin from various substrates [8, 11, 18]. A water-
soluble pectin-containing fraction was isolated from
apples, sugar beets, lemon peel, pine needles.

Pectin is a high molecular weight polysaccha-
ride. Therefore, we analyzed GPC of isolated pectin,
sample of which are demonstrated at the Figure 1.

First of all, it was interesting to compare the mo-
lecular mass parameters of the isolated biopolymers,
because in the literature, this information is given most
often for individual substrates (apples, or citrus fruits,
etc.), while the conditions for the isolation of pectin and
determination methods differ. The data on the molecu-
lar mass parameters of the solutions obtained by GPC
are shown in Table 1: No. 1-13 are the solutions after
isolation from various substrates, No. 14, 15 — are the
powder solutions, N0.16—18 are commercial pectins.

As can be seen from Table 1. the studied solutions
of the isolated pectin-containing fraction (Table 1,
No. 1-13) most often have three polymer fractions that
are close in MM value: ~17-20, ~10-12 and ~0.5 kDa.
The content of the last fraction in all selected samples
is predominant. Obviously, this fraction of oligomers
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has, as a rule, a high coefficient of polydispersity

(15-5.7). A's

imilar ratio of fractions and MM values

B
IAD2

have commercial samples «Unipectin PG DS» and
«Aidigo».

100+

75+

Fig. 1. GPC of sample No. 17 (see Table 1) “commercial apple pectin «Aidigo» (Russia)”:

a — chromatogram type; b — type of molecular weight determination

Puc. 1. I'MX obpasua Ne 17 (cm. Tabn. 1) «koMMepyeckuii NnekTuH «Anaguro» (Poccums)»:

a — BMA XpomaTtorpamMmbl; b — BA MONEKYNAPHO-MacCOBOro pacnpeaeneHus

Table 1. Molecular mass characteristics of pectin extracted from the studied samples by various extractants
Tabnuua 1. MonekynsipHO-MacCOBbl€ XapaKTEePUCTUKM NEKTUHA, BbIAENEHHOIO N3 Uccnegyembix 06pasyoB pasnnuyHbIMm

3KCTpareHTamu
Sample Conditions of extraction from sample M, kDa Mw/M; %
number

17.5 1.0 4
1 Sugar beet in the boric acid medium 10.2 1.0 7
0.5 15 89
17.2 1.0 4
. . . . 8.2 1.1 12
2 Sugar beet in the oxalic acid medium 29 12 16
0.4 5.7 68
17.5 1.0 9
3 Sugar beet in the acetic acid medium 10.4 1.0 10
0.4 2.9 80
16.3 1.0 8
4 Sugar beet in the phosphoric acid medium 5.6 1.2 8
0.5 5.2 83
17.3 1.0 1
5 Apple kernels in the boric acid medium 9.7 1.1 1
0.3 2.9 98
17.6 1.0 1
6 Apple peel in the boric acid in the medium 10.3 1.0 1
0.33 4.8 98
17.5 1.0 1
7 Apple peel in the acetic acid medium 10.0 1.1 1
0.35 2.9 98
17.5 1.0 1
8 Apple of variety «Bolotovskii» in the acetic acid medium 10.0 1.0 1
0.3 2.2 98
17.4 1.0 3
) - . . . 9.8 1.0 1

9 Apple of variety «Bolotovskii» in the boric acid medium
0.3 3.7 96
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17.6 1.0 1

10 Apple of variety «Antonovkay in the acetic acid medium 10.2 1.0 1

0.35 4.1 98

17.7 1.0 0

11 Apple of variety «Antonovka» in the boric acid medium 10.2 11 1

0.34 6.3 99

21.0 1.0 6

12 Pine needles in the boric acid medium 12.0 1.0 5

0.4 3.7 89

21.3 1.0 6

13 Pine needles in the acetic acid medium 12.4 1.0 5

0.42 2.1 89

. . . . . 21.0 1.0 81

14 Pine needles in the acetic acid medium 13.0 10 19

22.0 1.0 4

. . . - 12.7 1.0 90

15 Lemon peels in the hydrochloric acid medium 09 10 2

0.2 1.2 5

o ) . . 10.2 1.0 6

16 Commercial citrus pectin «Unipectin PG DS» (Germany, France) 04 38 94

21.0 1.0 15

17 Commercial Apple Pectin «Aidigo» (Russia) 12.7 1.0 8

0.95 1.2 77

. . . 20.0 1.0 87

18 Commercial Apple Pectin «Pudov» (Russia) 125 10 13

*The solution is prepared from ethanol precipitated and dried pectin.

The solutions of pre-isolated powders of the the degree of esterification. The degree of

pectin-containing fraction (Table 1. No. 14, 15) differ
markedly from the previously discussed results: the
oligomeric fraction is completely absent in sample
14, and is minimal in sample 15. Obviously, in this
case the oligomeric fraction does not stand out in
the form of powder but remains in the «solvent-
precipitant” mixture. which is typical for the precipita-
tion of any polymers [29]. The commercial sample
«Pudov» has MM values close to these two sam-
ples.

Thus, the presented data on the analysis of the
molecular mass parameters of the isolated pectin-
containing fractions under comparable conditions
indicate a significant similarity of these properties for
all samples. There is interesting fact that the con-
ducted studies allow us to conclude with a high de-
gree of probability that commercial samples
«Unipectin PG DS» and «Aidigo» are obtained by
evaporation of the solvent from the solution. while
the oligomeric fraction is not lost. The commercial
sample «Pudov» does not have an oligomeric frac-
tion which means it was isolated by precipitation
from a solution.

The sorption and gelling properties of pectin are
associated with the degree of esterification of its
monomer unit — polygalacturonic acid: pectin with a
small degree of esterification has better sorption
characteristics, and with a greater degree — better
gelling properties. For a number of samples of pec-
tin powders the degree of esterification was deter-
mined by potentiometric titration (Table. 2).

As it follows from the data obtained (Table 2) the
degree of esterfication depends on both the
feedstock and the isolation method. Using an
example of a sugar beet sample it can be seen that
the reprecipitation of pectin leads to an increase in

esterification for the studied substrates obtained by
evaporation of the extractant increases in the
sequence «sugar beets»<«Antonovka apples», for
the precipitated samples «sugar beets»<«lemon
(fruit with thin peel)»=«lemon (fruit with thick peel)».
The commercial samples «Pudov» are also close to
the latest samples in this parameter.

Table 2. The degree of esterification of some types

of pectin

Tabnuua 2. CteneHb aTepnduKkaumm HEKOTOPbIX BUOOB
neKkTuHa

Degree
Source substrate of esterification, %

Sugar beet’ 13-15
Sugar beet’ 38-40
Lemon? (fruit with a thin peel) 78-80
Lemon? (fruit with a thick peel) 78-80
Apples («Antonovka»)* 55-65
Commercial pectin «<Pudov» 60-80

Note. ' — pectin obtained by evaporation of the solvent:
% _ pectin obtained by isolation with ethanol after hydrolysis.

An important indicator of the quality of pectin
used for the detoxification of metals is their sorption
capacity (SC). This property is widely used in quality
assessment in the production of medicines.
flocculants. etc. This indicator corresponds to the
mass of metal ions (mg of lead). which one gram of
pectin can bind. The choice of lead is due to the fact
that lead salts are the standard in the analysis of
drugs for the content of heavy metals. To study the
SC of pectin isolated from different substrates. the
method of reverse complexometric titration was
used. The results of the analysis are given in
Table 3. Based on a comparison of the data of
Table 2 (No. 1, 5) and Table 3 (No. 1, 2) it can be
argued that there is an inversely proportional
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dependence of the degree of sorption of lead by
pectin samples on its degree of esterification.

Table 3. Sorption capacity of pectin isolated from various
raw materials

Ta6nuua 3. CopbumoHHas cnocobHOCTb NEeKTUHA,
BblJENIEHHOro U3 Pas3Horo Cblpbs

Source substrate SO“’"?P capacity
Pb™ mgl/g
Sugar beet! 320-380
Apples («Antonovka»)* 170-220
Pine needles 160-170

Note. ' — pectin obtained by evaporation of the solvent.

For a pectin sample isolated from a lemon peel
by ethanol precipitation from an extract. the powder
surface was studied by scanning electron microsco-
py. The fibrillar structure of the biopolymer is clearly
visible. The resulting image is similar to those given

in the works of other authors [2, 7, 9, 16, 22, 30].
The structure of pectin is an object of research by
various instrumental methods [6, 7, 20, 31, 32].

CONCLUSIONS

A pectin-containing fraction was extracted by ac-
id hydrolysisfrom sugar beets. apples. lemon peel.
pine needles. Content of three polymer fractions
with close MM values: 17-20, 10-12 and ~0.5 kDa
was determinedusing GPC. In solutions of pre-
precipitatedpowders of the pectin-containing fraction
the oligomeric fraction is practically absent. The de-
pendence of the degree of esterification on both the
feedstock and the isolation method was revealed.
The inverse proportion of the degree of sorption of
lead by pectin samples on the degree of its esterifi-
cation has been established.
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Bce aBTOpbI caenanu 3KBMBaNEHTHbIN BKIag
B MOAroTOBKY NyGnvKaLuu.

KoHgpbnnukm uHmepecoe
ABTOpbI 3aABNSAOT 06 OTCYTCTBMM KOH(NNKTA WH-
TEPeCoB.

Bce asmopbi npoyumanu u 0006pusiu OKOHYa-
meribHbIl 8apuaHm PyKOnucu.

Cmambsi nocmynuna e pedakuyuro 30.10.2020;
00obpeHa rocne peueH3uposaHusi 28.11.2020;
npuHsima K nyénukayuu 30.11.2020.
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