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Abstract. The secondary raw materials have been studied as sources of pectic substances necessary for the endo-ecological
protection of the organism in the globally deteriorating living conditions of modern humans. The article reveals the significance and
long-term benefits of such sources of pectic substances as fruit and seed coats, which are obtained in considerable quantities as a
secondary raw material during the implementation of the technological process, and often do not find rational use. Research has
been carried out on new prospective sources of pectin substances — secondary resources of processing soybean Glycine max (L.)
Merrill, sainfoin Onobrychis arenaria, rapeseed Brassica napus L. oleifera, Sarepta mustard Brassica juncea (L.) Czern, and black
mustard Brassica nigra (L.) W.D.J. Koch, castor bean Ricinus communis L., sunflower Helianthus annuus L. Fruit and seed coats of
these plant species have been studied. The prospects of their secondary resources for pectin production have been shown. The as-
sessment of the quantitative and qualitative characteristics of the pectic substances of the objects under study, as well as their frac-
tional composition and analytical indicators, make it possible to characterize the potential functional, technological and therapeutic
properties of pectin preparations. It has been indicated that in the polyuronid component (fraction of galacturonic acid), all the stud-
ied samples of surface tissues of soybean, mustard, sainfoin, sunflower, one rape variety meet international requirements for food
pectin (52.87-73.22%), and one of them, the pectin from seed coat of the Valenta variety, meets the requirements for pectins for
medical purposes (75.83%). Pectic substances of soybean, mustard, castor bean varieties are characterized by a high degree of esteri-
fication (62.37-76.88%) in contrast to the varieties of sainfoin and sunflower (45.29-55.15%). According to the degree of esterifica-
tion, rape varieties are close to low-esterified pectic substances — 59.34-61.48%. The prospects of using seed and fruit membranes as
an unconventional secondary plant raw material to improve the environmental performance of production and to obtain a valuable
therapeutic-and-prophylactic food ingredient have been substantiated.
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AmHoTamist. J[ociipKeHO BTOPUHHI CHPOBHHHI PECYPCH SIK JKepesia EKTHHOBUX PEYOBHH, HEOOXITHNX [UIs €HI0SKOJIOTIYHOTO
3aXUCTy OpPraHi3My y IJIOOAJIBHO MOTIPLIIEHUX YMOBAaX XKUTTS Cy4acHOI JiroquHHU. [loka3aHo 3HAYMMICTh 1 MEPCIEKTHBHICTh TaKHX
JDKeper IEKTHHOBUX PEYOBHH, SIK IUIOZIOBI 1 HACIHHEBI 00OJIOHKH, SIKi B 3HAYHUX KUIBKOCTAX OTPHMYIOTh B IKOCTI BTOPUHHOI CHPO-
BUHH [IPH peatizawii TeXHOIOTNYHOro MPOLECy 1 YacTo He 3HAXOMITh PAL[iOHATIBFHOIO 3aCTOCYBaHHS. [IpoBeIeHO TOCHiIKEHHS HO-
BUX TEPCIIEKTUBHUX JHKEpeNl IEKTHHOBHX PEYOBHH — BTOPUHHHUX pecypciB mepepodku coi Glycine max (L.) Merrill, ecnapuery
Onobrychis arendria, pimaky Brassica napus L. oleifera, ripunui capentcekoi Brassica juncea (L.) Czern i ripuni goproi Brassica
nigra (L.) W.D.J. Koch, punian 3Braiinoi Ricinus communis L., corsmanky Helianthus annuus L. JIocnimkeno m1o08i 1 HaciH-
HeBi 000JIOHKH HaBeICHHUX BHAIB pociuH. [TokazaHa MEpCHEKTHBHICTD iX BTOPUHHUX PECYpCiB [UIs OTpHMaHHs HeKTHHY. OuiHka

Xapuosa Hayka i Texsonorist / Food science and technology 63 Volume 12 Issue 4/ 2018


mailto:mohammed.aider@fsaa.ulaval.ca
mailto:olhovatov_e@inbox.ru
mailto:l.n.pylypenko@ukr.net
mailto:nikitchinati@ukr.net
mailto:g_kasjanov@mail.ru
mailto:mohammed.aider@fsaa.ulaval.ca
mailto:olhovatov_e@inbox.ru
mailto:l.n.pylypenko@ukr.net
mailto:nikitchinati@ukr.net
mailto:g_kasjanov@mail.ru

Ximis xapyosux npodykmie i mamepianie / Chemistry of food products and materials

KUIBKICHUX 1 SIKICHHX XapaKTEePHCTUK NMEKTHHOBHUX PEYOBUH JOCIIDKYBAaHHX 00’ €KTIB, a TaKOXK iX ()paKIiiHMA CKIIax i aHaTITHIHI
NOKa3HHKH JIO3BOJISIIOTh XapaKTepH3yBaTH MOTEHILIIHI (yHKI[IOHAIEHO-TEXHOJIOYHI Ta JIKYBaJIbHO-IIPO(ITAKTHYHI BIACTHBOCTI
MEKTHHOBUX TpernapartiB. [Toka3aHo, 1m0 3a MOJypOHITHOK CKIIAJI0BO0 (YACTIN raJaKTypOHOBOT KHCIIOTH) BCi IOCIIDKEHI 3pa3Ku
HOKPUBHUX TKAHUH COI, TPYHIIi, €CHapLETy, COHSIIHNKA, OUH COPT PiNaKy BiJINOBIIAIOTh MDKHAPOJIHUM BUMOIaM JI0 Xap4OBOTO
nekTuHy (52,87-73,22%), a OfUH 3 HUX — MEKTUH 3 HACIHHEBUX OOOJIOHOK cOpTy BaneHTa — BUMOram 0 MEKTHHY IS MEIUIHHX
wineit (75,83%). [IekTHHOBI PedOBHHM COPTIB COi, TIPUHII, PUIIMHU XapaKTePH3YIOThCS BUCOKHM CTyHeHeM eTepudikarii (62,37—
76,88%) Ha BigMiHy BiJ COpPTIB ecriapleTy i CORSIIHUKY (45,29-55,15%). Coptu pimaxy 3a cTyneHeM eTeprikariii GJIi3bKi 10 HU-
3bKOETepU(IKOBAHUX ITEKTHHOBHX pedoBrH — 59,34-61,48%. OOGrpyHTOBAHO ITepCHIEKTUBHICTD 3aCTOCYBAHHS HACIHHEBHX 1 IIONIO-
BUX 00OJIOHOK B SIKOCTI HETPa Wi {HOI BTOPHHHOI POCIMHHOI CHPOBHHH JUTS ITiJBUIIIEHHS €KOJIOTIYHOCTI BUPOOHUITB 1 OTPUMAaHHS
L[IHHOT0 JIIKyBaJIbHO-NIPO(IIAKTHYHOT0 Xap4OBOr'0 Hrpe/lieHTa.
K1040Bi cj10Ba: IEKTHHOBI PEYOBHHY, TI0OI0BI 0OOJIOHKH, HACIHHEBI 0OOJIOHKH, COSI, TIPUHII, CTIapIICT, PillaK, COHSIIHHK.
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Introduction. Formulation of the problem

The work is aimed at studying secondary raw plant
resources as potential sources of pectic substances with
different functional and technological properties.

A strategic course in the field of healthy nutrition is
the development of food production, providing of protec-
tive, health-improving, therapeutic-and-prophylactic
products. The leading position among effective natural
biological sorbents of toxic compounds of food products
is occupied by a plant-based high-molecular polysaccha-
ride — pectin, which has a wide range of complexing, gel-
forming and radioprotective properties [1-3].

All over the world, there is currently a stable need
for an increase in the volume of production of pectin as a
natural food additive with a pronounced functional and
physiological orientation, which is registered in the inter-
national classifier with the number E 440. The pectin in-
dustry that exists abroad allows obtaining its various
modifications from traditional raw materials — apples, cit-
ruses, sugar beets, sunflowers and waste from their pro-
cessing, but the volume of production of these products is
insufficient [3]. This fact makes it essential to search for
new raw sources for the pectic substances production, to
increase the environmental friendliness of food produc-
tion due to both more advanced processing and rational
use of secondary resources [4,5]. Integumentary tissues
of fruits and seeds of various agricultural crops processed
for food needs are potential secondary raw materials for
pectin production [6,7]. The expansion of the raw materi-
al base for the production of pectin is an active area of re-
search in the direction of searching for unconventional
sources of its production, which is especially important in
the processing of secondary raw materials.

Thus, research aimed at studying the quantitative and
qualitative characteristics of pectic substances contained
in fruit and seed coats, which do not find rational use in
the food industry, is relevant and promising and has sci-
entific and practical value.

Analysis of recent research and publications

The covering tissues of fruits and seeds in most cases
become waste of food and technical industries. Only a
few of them have acquired value as secondary raw mate-
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rials. Most often, this material is not efficiently utilized —
it is ploughed into the soil as a source of organic matter
or burned as fuel, much less often they are used in the
hydrolysis industry or for the production of activated
carbon. Meanwhile, the covering and protective func-
tions performed by these tissues cause a high content of
pectin substances in the composition of the structural
components of the cell walls, which forms their strength
characteristics. Due to the high volumes of world produc-
tion and processing of various citrus fruits, sunflower and
cotton, the pectin-containing raw material base is widely
represented by the rind of citrus fruits, the sunflower an-
thodia, and shells of cotton bolls. Technological schemes
for producing pectin from these raw materials are repeat-
edly described in domestic and foreign publica-
tions [3,6,8,9].

Up to 60% of the global volume of pectin production
is represented by citrus, which is widely used in food
technology as a gelling agent. This raw material is typical
mainly of the countries of the Mediterranean and the
American continent. The content of pectic substances in
the peel of citrus fruits is in the albedo (white loose inter-
nal layer) and the flavedo (coloured dense outer layer),
respectively: orange — 20.5% and 11.5%; lemon — 29.9%
and 24.6%; mandarin — 9.3% and 6.8%. Moreover, in the
peel of mature fruits, more than 50% of the total amount
of pectic substances is in the form of protopectin, which
characterizes this raw material as technologically valua-
ble [6].

A large number of fruit coats of cotton received an-
nually in cotton-growing countries during its processing
are not used rationally. The mass of this type of cotton
waste in the Central Asian region alone is about 2.5 mil-
lion tons. The proportion of cotton fruit coats in the total
waste of the industry reaches 45-50%, the content of
pectin substances in them is 8.0-15.2%. Studies conduct-
ed in different years allow us to consider cotton boll
shells as fully functional and promising pectin-containing
raw materials for organizing the production of pectin on
an industrial basis. The yield of pectin at the same time
can reach 8.3-8.5%, according to its physico-chemical
parameters, it can be assigned to the group of gel-
forming substances [10].
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As a potential source of pectin, some authors suggest
the use of coffee fruit shells, the proportion of which is
10-15% of the coffee bean weight. The amount of pectin
contained in the absolutely dry mass of this raw material
varies from 2.4-10.1% to 29.74%. At the same time,
there is a rather high ratio of protopectin to the sum of
pectic substances (67.4-80.9%) with a high total amount,
which indicates the availability of raw materials for in-
dustrial processing. A comparative analysis of the meth-
oxyl component became the basis for conclusions about
the high gelatinous ability of pectin obtained from the
shells of coffee beans [11].

Pomegranate on the territory of Azerbaijan is the
second largest fruit crop. Azerbaijani researchers have
studied the characteristics of pectin contained in the
pomegranate peel, which are obtained in large quantities
during processing of fruits. The share of the pomegranate
peel of most cultivars varies between 27.9-51.8%. The
yield of pectin during extraction averages 4.5-5.0% of
the total dry mass of the peel. Analysis of its physico-
chemical characteristics showed its high gelling ability
[3,12].

Affordable and cheap raw materials for industrial
production of pectin on the territory of Eastern European
countries are sunflower anthodia, which are harvested
during the season of harvesting seeds. Although botani-
cally they are not fruit coats, they are very close to them
in function and morphological characteristics. The con-
centration of pectic substances in this type of raw materi-
al ranges 22.0-35.7% of the air-dry weight. It has been
established that, according to the content of pectic sub-
stances, they are most valuable for the industrial produc-
tion of the sunflower variety with large anthodia. The
weight of dry sunflower anthodia is 50-60% of the seed
yield. The share of protopectin is up to 75% of the
amount of pectic substances of this raw material. Sun-
flower pectin has the potential of high gel-forming abil-
ity, but it is not without a number of shortcomings, such
as the phenomenon of self-coagulation, which compli-
cates the process of isolating it from the extract, the char-
acteristic resinous smell and taste that goes over to the
products produced on its basis [13,14].

The integumentary tissues of other fruits and seeds
are obtained in smaller volumes, which is the reason for
the rare interest of researchers working in this field.
However, one of the most important areas of increasing
the production of marketable pectin is the expansion of
the raw material base of pectin-containing raw materials
through exploration in the direction of non-traditional
raw materials and the development of new ways to pro-
duce pectin products from them. In this regard, in differ-
ent years, fruit casings of such raw materials as castor
bean, tung and black walnut, which proved to be a very
valuable promising source of pectic substances for tech-
nical and technological purposes, were investigat-
ed[11,12].

Secondary raw materials for obtaining oil from tung
fruits are fruit coats, which account for 37-44% for Ford
tung and 31-46% for Cordata tung. The mass fraction of
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pectic substances in this secondary raw material reaches
28.5% based on dry weight. The physico-chemical char-
acteristics of pectin from the fruit shell of the tung indi-
cate its ability to become gelatinous.

In the secondary raw material from the black nut, the
sum of the fractions of pectic substances in the pericarp
is 4.2 %. The ratio of the share of protopectin to the total
amount of pectic substances for the black walnut pericarp
averages 75.24% [11,12]. Although the surface tissues of
the fruits of these cultures studied are characterized as
potential sources of pectic substances, they are not of
production interest due to low volumes of fruit harvest-
ing.

The leaders in global gross production among the
listed plants are soybean (250 million tons per year), cas-
tor bean (60 million tons per year), sunflower seeds (53
million tons per year), mustard (23 million tons per year)
and the rate of increase in their production convinces that
in the coming years it will only grow [15,16].

In this regard, the fruit and seed coats of a wide
range of cultivated and processed crops must be investi-
gated for the quantitative and qualitative composition of
the pectic substances contained in them, and the research
should result in recommendations on appropriate tech-
nologies for processing secondary raw materials of these
crops.

The purpose of the work is to study the secondary
resources of the processing of plant raw materials to as-
sess the prospects of their use as a source of pectic sub-
stances.

To achieve this goal, it is necessary to perform the
following objectives:

1) to monitor the sources of secondary raw materials
in the processing of plant crops to obtain pectin substanc-
es;

2) to select and characterize the objects of study from
the number of modern varieties of food and industrial
crops;

3) to investigate the quantitative and qualitative
characteristics of the pectin complex of fruit and seed
coats of the selected types of secondary raw materials;

4) to make preliminary predictions and recommenda-
tions on the direction of using pectic substances extracted
from the objects studied.

Research materials and methods

65

Objects of study. To select the objects of the study,
monitoring was carried out for various types of second-
ary plant materials, which were studied but little as a po-
tential source of pectic substances in the raw material.
The assessment of the main quantitative and qualitative
characteristics of the pectin complex of secondary re-
sources for processing the studied raw materials was car-
ried out for the selected promising varieties of food soy-
bean Glycine max (L.) Merrill bred by the FGBNU
VNIIMK: Vilana, Fora, Vesta, Valens [17] and the Insti-
tute of Plant Physiology and Genetics of the National
Academy of Sciences of Ukraine: Adamos, EU Mentor,
Khortitsa (IFRG NAS of Ukraine (Kiev)), Sarepta mus-
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tard (Dyzhonka 329 and winter Novynka) Brassica
juncea (L.) Czern, mustard black Brassica nigra (L.)
W.D.J. Koch (Sofiia), rapeseed Brassica napus L. oleif-
era: Felter CL, Buchatsky, sainfoin Onobrychis Mill
breeding FSBI “NCP named after P.P.Lukjanenko™:
Krasnodar 84, Krasnodar 90, Chelbas, Alex[18] and
Sandy sainfoin 1251, sunflower Helianthus annuus L:
Milonga, LG 5635, castor bean Ricinus communis L:
Khortychanka, Khortytska 1 [19]. All objects of research
have successfully passed the state crop variety trials and
entered into the State registers of plant breeding
achievements.

Experimental procedure. When evaluating the values
of the parameter of the mass fraction of the shell in the
composition of fruits and seeds, the weight method was
used. A micrometer was used to determine the thickness
of the soybean seed coat of the studied varieties [12].

The following research methods were used for the
analytical characteristics of pectin substances of fruit and
seed coats of the studied secondary raw materials: mass
fraction of pectin substances — by the titrimetric method,
in accordance with DSTU 8069: 2015 and the calcium-
pectate method of analysis commonly used in pectin pro-
duction, based on weight accounting for calcium salts of
pectic acid, followed by polygalacturonic acid. For this
purpose, two proprietary methods were also used — the
weight method and reverse conductometry [14]. The pol-
yuronide composition of the pectin under study was de-
termined by the titrimetric method, in accordance with
DSTU 6088:2009, the total degree of esterification, the
total content of carboxyl, free carboxyl and carboxyl
groups esterified with methanol, and the acetyl and
methoxyl components of pectin — by the conductometric
method [20,21].

Extracts for the isolation of the analysed samples of
pectin were prepared according to the methods developed
by us. To obtain an extract from the soybean fruit coat,
the material was washed with cold drinking water, then
dried and crushed to 1-4 mm, purified from impurities,

and then hydrolysis-extraction was performed with a
0.3 % solution of succinic acid at a temperature of 80—
85°C and a water ratio of 1:10 for 120 min; at the end of
the process, the liquid phase was separated [3,22].

To obtain pectin extracts from the studied samples,
the seed coat of soybean and rapeseed underwent a simi-
lar procedure, carrying out the hydrolysis-extraction of
raw materials with a 0.3% solution of a mixture of suc-
cinic and citric acids at a water ratio of 1:15.

To obtain pectin extract from crushed and dried
shell-husk of sunflower, the technology traditional for
this type of raw material was used [3].

To obtain extracts from sainfoin shells and mustard
varieties, the samples were dried, crushed to particle siz-
es of 1-4 mm, impurities were removed, and then pectin
substances were extracted and hydrolysed with a 0.3%
citric acid solution at a water ratio of 1:12 and a tempera-
ture of 85-90°C; the duration of the process was 120
min [3,23].

From the obtained samples of the extract, the entire
pectin was precipitated by coagulation with ethyl alcohol
or acetone, followed by centrifugation [3].

The functional properties of the pectin substances of
the samples of raw materials were evaluated by examin-
ing their analytical characteristics and by indirect con-
ductometry [20].

Results of the research and their discussion

At the first stage of the described studies, the yield of
integumentary tissues during the processing of fruits and
seeds of selected crops was evaluated. For the seed coats
of soybean, their thickness was additionally determined,
since the potential of the studied raw materials entering
the pectin production enterprises can be estimated if there
is a relationship between the values of the mass fraction
of the seed coat of soybean, its thickness and the content
of pectic substances in it (Tables 1, 2).

Table 1 — Some quantitative characteristics of the seed coat and soybean seeds

Cultivar Characteristics of the seed coat Mass of 1000
Mass fraction, %: Thickness, 10° m seed, grams
Vilana 11.51 0.108 163
Fora 5.75 0.099 210
Vesta 9.25 0.116 gig
Valenta 8.66 0.117 174
Adamos 7.45 0.105 130
EU Mentor 10.31 0.112 101
Khortytsya 6.54 0.095

The leader in the number of detachable seed coat
is the Vilana variety. The maximum thickness of seed
cover among the studied varieties was found in the
Valenta variety. Knowing the natural indicators of the
mass of 1000 seeds, according to the regression equation
y=0.0117x+0.0021, the coefficient of reliability
R?=0.9951, it is possible to calculate the predicted
amounts of pectic substances in the material under study.
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During the processing of raw materials, the fruit
coats of soy are formed in much smaller quantities, since
the bulk of them remains in the field during the main
hulling in the course of harvesting with a combine. The
accuracy of the settings of the systems of the combine
determines the quality and completeness of separation of
the seeds from bean shells and the removal of their frag-
ments from the heap. When seeds received by the enter-
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prise are being cleaned from organic weed impurities and
their hulling is being completed, no more than 3-5% of
fruit coats is left. Thus, this material cannot become a
strategic type of raw material for pectin production; how-
ever, its use as an additional source of pectic substances
with valuable functional properties is quite acceptable.
Considering the different degrees of heterogeneity
of the structure of the fruit coats of other crops studied,
and the pronounced relief of their inner and outer surfac-
es, it is not possible to give a reliable estimate of the
thickness of their shells. The mass fraction of seed cas-
ings was: for the Sarepta mustard varieties (hot and win-
ter) Brassica juncea (L.) Czern— 8.4% to 10.3%, black
mustard Brassica nigra (L.) W.D.J. Koch — 6.8 to 9.5%,
rape Brassica napus L. oleifera — 12.4% to 16.3%, sun-
flower Helianthus annuus L. — 21.7 to 29.5%. The mass

fraction of the seed coat of sainfoin has not been evaluat-
ed, because at present the raw material of this crop is new
and promising, it does not have widespread use in the
food industry, and therefore the technological scheme for
processing seeds with shell separation has not been de-
veloped and the raw material is processed after hulling
the surface tissue of the fruit [24].

Signs of raw materials technologically significant
for pectin production, causing differences in the techno-
logical parameters of extracting pectin, are the parame-
ters of the fractional composition and the amount of the
estimated fractions of pectic substances, as well as the ra-
tio of fractions. That is why at the next stage we evaluat-
ed these parameters for fruit and seed coats of the studied
varieties of secondary raw materials (Table 2).

Table 2 — Mass fraction of pectin fractions and their ratio in soybean and sainfoin varieties

Fractional composition of pectic substances (ab- | The share of individual fractions in the composi-
solutely dry mass), %: tion of pectic substances
Sample - .
. . A protopectin / protopectin /
soluble pectin protopectin  |Fractions in total soluble pectin fractions in total
Soybean fruit shell
Sortosmes (Vilana, Fora,
Vesta, Valenta) 511 14.30 19.41 2.80 0.74
Soybean seed coat
Vilana 0.51 1.34 1.85 2.60 0.72
Fora 0.51 1.68 2.20 3.30 0.76
Vesta 0.34 1.74 2.10 5.10 0.83
Valenta 0.35 1.55 1.90 4.49 0.81
Adamos 0.42 1.79 221 4.26 0.81
EU Mentor 0.38 1.29 1.67 3.39 0.77
Khortytsya 0.54 1.63 2.17 3.02 0.75
Sainfoin fruit shell
Krasnodar 84 6.20 10.10 16.30 1.63 0.61
Krasnodar 90 7.80 11.50 19.30 1.47 0.59
Chelbas 5.92 13.22 19.14 2.23 0.69
Alex 5.47 12.90 18.37 2.36 0.70
Sandy 1251 5.21 12.05 17.26 2.48 0.70

The data in the table indicate that the seed coats
of the raw material of the soybean varieties Fora and
Adamos are characterized by the highest value of total
pectin fractions in comparison with other studied varie-
ties. With a slightly lower value of this parameter, ac-
cording to other characteristics (the proportion of pro-
topectin in the composition of the sum of pectic sub-
stances and in relation to the soluble fraction), the raw
material of the soybean variety Vesta differs favourably.
In general, a high proportion of the protopectin fraction
in the sum indicator is characteristic of all surface tissues
of the raw materials of the cultures studied in the work
(the values of this parameter from 70% and higher are
significant for the pectin technology).

From the whole amount of data in Table 2, the
maximum value of all the studied parameters is that of
the fruit shell of soybean. Somewhat lower are their val-
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ues of the fruit coat of sainfoin. The Alex and Sandy
1251varieties of sainfoin have the most favourable com-
bination of the characteristics under evaluation.

From the results, it follows that the seed coat of
soybean is not high in pectin compared to other objects
studied. However, taking into account the global volume of
production and processing of soybean grain, which deter-
mines the quantity and uninterrupted supply of material, the
importance of seed coats for pectin production is obvious.

The results of the study of the mass fraction of pec-
tic substances in other types of secondary raw materials
make it possible to arrange them in descending order as fol-
lows: sunflower, castor bean, rape, mustard, with a signifi-
cant proportion of protopectin in them — 58 to 73%.

Note that the studied parameters relate to the
quantitative characteristics of the studied raw materials,
forming the technological and economic components of
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pectin production. Other equally important information
will be obtained if we determine the analytical character-
istics of the pectin substances studied, with which you
can make a prediction of a number of properties that are
potentially characteristic of the samples under investiga-
tion from an extremely small amount of pectin powder.
Among others, information can be obtained on the de-
gree of solubility, the ability to form jellies or complexes
with other substances, the conditions for the manifesta-
tion of their characteristic properties, and the directions
of applicability of the pectin studied in accordance with
the functional properties of the samples. Therefore, at the
final stage of the work, these indicators were evaluated
and interpreted.

For pectic substances isolated from the fruit and
seed coats of soybeans of the studied varieties, the values
of their analytical characteristics are given in Table 3.

As follows from the data given in Table 3, the values
of the indicators of the total degree of esterification and
the acetyl component are at a fairly high level for all
samples of surface tissues of soybean fruits and seeds.
The degree of esterification determines the linear charge

density of the macromolecule, and, consequently, the
strength and method of communication of cations. Since
the carboxyl groups of galacturonic acid residues in the
composition of the pectin molecule, in quantities exceed-
ing 50% of the total number of these functional groups
esterified with methanol, determine its gelatinous ability,
we should note the gelation potential of pectic substances
of the studied samples. In addition, these values of the
degree of esterification indicate a good solubility in water
of pectins in all the samples studied.

However, a sufficiently high amount of free carboxyl
groups in the pectin molecule of the seed coats of soy in-
dicates a possible ability to form complex compounds
with metal ions. The jellies will be formed in the pres-
ence of calcium ions in the solution. Pectin from soybean
fruit coats is highly esterified, with a low content of free
carboxyl groups, and such pectins are characterized by
acid-sugar type of jelly.

For pectic substances isolated from the shells of sain-
foin of the studied varieties, the following parameters of
their analytical characteristics are given in Table 4.

Table 3 — Varietal characteristics of the composition of the pectin substances in fruit and seed coats of soybean

Parameter values by sample, %:
Parameters F_ruit coat, Seed coat by varieties
mlxec_i Va1 \silana| Fora | Vesta | Valenta | Adamos EU | Khorty-
eties Mentor | tsya
Total content of carboxyl groups 9.95 10.26 | 898 | 854 9.07 10.45 8.24 9.67
Content of free carboxyl groups 2.3 343 | 250 | 2.48 2.75 3.90 2.13 3.02
Carboxy! group content neutralized by ammonia - 142 | 1.10 | 0.95 0.91 0.93 0.90 0.92
Carboxy! group content esterified with methanol 7.65 541 | 538 | 5.11 5.41 5.62 5.21 5.73
General degree of esterification 76.88 66.57 | 72.16 | 70.96 | 69.68 | 7241 | 7151 | 68.23
Degree of esterification with methanol 76.88 52.73 | 59.91 | 59.17 | 59.65 | 58.37 | 5843 | 59.12
Degree of neutralization with ammonia — 13.84 | 12.25 | 11.12 | 10.03 | 14.04 | 13.08 9.11
Polyuronid component 67.52 65.30 | 73.22 | 71.04 | 75.83 | 64.27 | 7052 | 68.75
Acetyl component:
of the weight of pectin powder - 136 | 1.05 | 091 0.87 0.95 0.79 0.97
of the weight of pure pectin - 0.94 | 0.65 | 0.58 0.52 0.61 0.56 0.67
Methoxy component:
of the weight of pectin powder 5.27 3.73 | 371 | 352 3.73 3.57 3.38 3.56
of the weight of pure pectin 3.51 257 | 228 | 2.23 2.21 2.30 2.39 2.45

Table 4 — Analytical characteristics of pectin substances in sainfoin shells of various varieties

Values of the parameters for the samples, %, variety:

Parameters Krasnodar 84 | Krasnodar90 | Alex | Chelbas Sandy 1251

Total content of carboxyl groups 18.90 20.20 19.40 17.79 18.21
Content of free carboxyl groups 10.10 11.05 8.70 8.80 8.91
Carboxyl group content neutralized by ammonia 0.77 0.51 1.11 0.60 0.54
Carboxyl group content esterified with methanol 8.03 8.64 9.59 8.39 8.76
General degree of esterification 46.56 45.29 55.15 50.53 53.21
Degree of esterification with methanol 42.49 42.77 49.43 47.16 48.15
Degree of neutralization with ammonia 4.07 2.52 5.72 3.37 5.06
Polyuronid component 69.80 70.00 65.13 71.98 68.24
Acetyl component:

of the weight of pectin powder 0.74 049 1.06 0.57 0.60
of the weight of pure pectin 0.47 0.31 0.73 0.36 0.41
Methoxy component:

of the weight of pectin powder 553 595 6.61 518 505
of the weight of pure pectin 3.57 3.83 3.14 3.61 3.45

Characteristics of pectin substances of other types of
shells and varieties of secondary plant raw materials are
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given in Tables 5 and 6. From Table 4, it is obvious that
the pectin molecule from the fruit shells of sainfoin con-
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tains a high amount of free carboxyl groups, mainly re-
sponsible for its complex properties, which suggests the
presence of these properties in all its varieties studied.
Comparing the results obtained for this indicator for pec-
tin substances of mustard, castor bean, sunflower and
rapeseed coats, we can note increased values for sun-
flower and lower values for mustard species, but soybean
is significantly inferior to all types of secondary raw ma-
terials. Due to the complexing property with respect to
metal ions, such pectin is an indispensable component of
functional food product formulations for therapeutic and
prophylactic purposes. The optimum prophylactic pectin
dose is no more than 2—4 g per day for people dealing di-
rectly with heavy metals, and in conditions of radioactive
contamination — no less than 15-16 g [3,14].

The high amount of acetyl groups contained in the
pectin samples indicates their low gelling ability, since
acetyl groups associated with the hydroxyl groups of
pectin substances significantly impair their gelling prop-
erties. The results given in Tables 4-6 allow us to con-
clude that according to this parameter, the studied objects
can be arranged by the degree of reduction in gelation in
the following way: mustard, castor bean, sunflower, sain-
foin, rapeseed and the smallest gelatinous ability is char-
acteristic of soybean pectin substances (Table 3). Varietal
characteristics of sainfoin significantly influence this pa-
rameter, which is practically not typical for mustard spe-
cies and soybean varieties except Vilana.

Table 5 — Characterization of pectin substances of mustard shells of various varieties

Values of the parameters for the samples, %, variety
Parameters Sarepta yaraya Sarepta winter Black
(Dyzhonka 329) (Novynka) (Sofiia)

Total content of carboxyl groups 13.17 12.23 14.41
Content of free carboxyl groups 7.74 7.03 8.28
Carboxyl group content
neutralized by ammonia 0.27 031 0.19
Carboxyl group content
esterified with methanol 516 489 594
General degree of esterification 66.91 65.37 65.29
Degree of esterification with methanol 65.82 64.09 64.17
Degree of neutralization with ammonia 1.09 1.28 1.12
Polyuronid component 60.80 62.00 61.13
Acetyl component:
of the weight of pectin powder 044 0.24 0.34
of the weight of pure pectin 0.27 0.15 0.21
Methoxy component:
of the weight of pectin powder 186 19 682
of the weight of pure pectin 4.78 4.46 4.17

Table 6 — Analytical characteristics of pectin substances of shells of rapeseeds, castor beans, and sunflowers

Values of the parameters for the samples, %, variety
Parameters Castor bean Sunflower Rape
Khortychanka | Khortytskal | Milonga | LG5635 | Felter CL Buchatsky
Total content of carboxyl groups 15.17 17.23 21.73 22.62 14.17 16.23
Content of free carboxy! groups 7.34 10.24 11.61 11.95 7.67 9.17
Carboxyl group content
neutralized by ammonia 0.58 0.52 0.84 0.96 0.61 0.69
Carboxyl group content
esterified with methanol 725 647 9.28 971 589 637
General degree of esterification 64.91 62.37 49.27 47.64 59.34 61.48
aDne(;;iree of esterification with meth- 62.77 60.00 4540 42.82 56.65 5921
Degree of neutralization with am- 214 237 387 482 269 297
monia ) ' ' ) ) )
Polyuronid component 57.84 58.92 62.72 60.25 52.87 61.32
Acetyl component:
of the weight of pectin powder 0.50 0.60 0.59 068 091 083
of the weight of pure pectin 0.29 0.35 0.37 0.41 0.48 0.51
Methoxy component:
of the weight of pectin powder 6.73 642 6.57 783 968 811
of the weight of pure pectin 3.89 3.78 412 4.72 5.12 4.97

A number of properties of the pectin substances
of the studied samples revealed by the obtained analytical

characteristics indicate that the fruit and seed coats of the
studied types of secondary raw materials are close to the
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previously studied plant raw materials of the group of
surface tissues of the fruit — sunflower anthodia and cot-
ton leaves, but unlike them, the material studied does not
contain ballast substances in such quantities.

Conclusion

The research has shown the relevance and pro-
spects of using secondary raw materials of processing
plant crops — various fruit and seed coats — for obtaining
pectin substances from them, as these objects are rich in

sources of mustard, castor, sunflower, sainfoin, rapeseed
and soybeans to get pectic substances.

The quantitative and qualitative characteristics of
pectin substances from the coats of selected nontradition-
al types of secondary raw materials have been studied
according to a number of parameters, which allowed es-
tablishing the compliance of the studied raw materials
with the requirements for pectin production and the po-
tential value of the obtained pectin products for the food
industry, in particular, for therapeutic and prophylactic

them due to the structural functions of these substances.

materials recommended by the state registers of breeding
achievements and characterized by high agrobiological
qualities has shown the prospects of using secondary re-

nutrition.

Analytical characteristics of pectic substances
show the feasibility of further research of the studied ob-
jects, the selection and testing of rational technological
schemes for the extraction of pectins from the material
under study in order to obtain the target product of con-
sistently high quality.

Monitoring of modern types and varieties of plant
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