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ABSTRACT

Aim: To study the complexing ability of pectins obtained from various vegetable and fruit raw materials with metal ions.

Materials and Methods: The content of metals was determined by the atomic emission method (SHIMADZU ICPE—9820 spectrometer); heavy metal
measurement methods used were MI.(3.7.2.01-017 and MI.(3.7.2.01-018. Statistical analysis of the obtained data was performed using the IBM SPSS Statistics
version 29.0.0.0 program; correlation analysis was conducted using the Kendall Tau-b method.

Results: It was found that the highest complexing ability towards the mixture of Cu>*, Zn**, Cd**, and Pb>* ions was demonstrated by low-esterified sugar beet
pectin (r=0.600; p < 0.01). Citrus (r=10.312; p < 0.01), quince (r=10.292; p < 0.01), and apple (r=10.271; p < 0.01) pectins also exhibited high complexing
rates, while pumpkin (r=0.214; p < 0.01) and carrot (r = 0.156; p < 0.01) pectins had slightly lower rates. In addition, pectin is found in smaller quantities
in carrots and pumpkins than in sugar beet, citrus fruits, quince, and apples. To improve nutritional characteristics, reduce allergenicity, and maintain high
complexing ability of the final product, the authors proposed a combination of raw materials from sugar beet and pumpkin, enriched with apple pectin and/
or pectin-containing products and juices of pumpkin and apples.

Conclusions: It was established that the highest complexing ability in relation to a mixture of lead, cadmium, mercury, zinc, and copper ions is possessed by
low-esterified sugar beet pectin. The addition of this pectin to apple pectin and/or pectin-containing apple products and juices increases the potential non-

specific detoxification properties of the final food product.
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INTRODUCTION

Pectin is an important polysaccharide used in the food,
pharmaceutical, and several other industries. In the food
industry, pectin is added to jams, jellies, frozen foods, and,
more recently, to fat and sugar substitute formulations.
In the pharmaceutical industry, it is used to lower blood
cholesterol levels and treat gastrointestinal disorders.
Other uses of pectininclude its application in edible films,
paper substitutes, plasticizers, and more. Although pectin
is present in the cell walls of all plants, apple pomace and
orange peel are the main sources of commercial pectin [1].

The functionality of the complex macromolecule
pectin in products and ingredients derived from fruits
and vegetables is largely determined by the presence of
the polymer homogalacturonan, which undergoes various
enzymatic and non-enzymatic transformation reactions
during food processing, altering its structural and functional
properties [2].
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Natural polysaccharides are recommended for long-term
chronic diseases, such as diabetes and heart disease [3, 41.
Studies on cell and animal models, as well as clinical trials
on humans, have provided supporting data that modified
citrus pectin improves the course of oncological diseases
[5]. The important role of pectin as a probiotic has also
been proven [6].

The relevance of preserving and improving the health
of the population of Ukraine today is due to the negative
consequences of the Chornobyl disaster, the COVID-19
pandemic, and the catastrophic impact on the health of
the population from the large-scale war unleashed by
the Russian Federation against Ukraine. Natural pectin-
containing products are of particular scientific interest in
terms of restoring the functions of the human body. The
value of pectin-containing products lies, along with the
above-mentioned qualities, in their detoxification and
radioprotective properties, which are attributed to the

361



362

Nataliia V. Kurdil et al.

ability of pectin molecules to complex with both metal
cations and cations of organic origin [7].

AIM

The purpose of this work is to study the complexing
ability of pectins obtained from various vegetable and
fruit raw materials to metal ions (Cu**, Zn**, Cd** and Pb?")
for further development of food formulations for special
medical purposes.

MATERIALS AND METHODS

An analysis of domestic and foreign sources of scientific
information on the topic of the study was carried out; methods
of comparative analysis and a systematic approach were
applied; experimental studies were conducted to assess
the compatibility of components and select the optimal
content of the ingredients in the recipe; statistical methods
of information collection and processing were used.

The main recipe components of the final products were
pectin-containing pumpkin puree, apple pectin extract,
pumpkin and apple juices, low-esterified sugar beet
pectin and its puree; the manufacturer of raw ingredients
(semi-products and products) LLC*MANZANA-FOOD”LLC
“MANZANA-FOOD" according to TU U 15.3-35422486-
001:2009“Juices, nectars, fruit, vegetable, vegetable-fruit
juice drinks”.

Technical conditions. The safety of the raw materials was
investigated according to microbiological and sanitary-
chemical safety indicators using instrumental methods
of chemical analysis and for compliance with the State
Sanitary Rules and Norms “Maximum permissible levels of
individual pollutants in food products”[8], the requirements
of GN 6.6.1.1-130-2006 “Permissible levels of radionuclides
3cesium (¥Cs), “strontium (*°Sr) in food products and drinking
water” [9] and the manufacturer’s specifications. Also, in
the process of work, when selecting raw pectin-containing
components, the physicochemical quality indicators of the
recipe components and the complexing ability of pectins
from various vegetable and fruit raw materials to a mixture
of Cu?*, Zn?*, Cd?*, Pb?* ions were investigated.

The choice of pectin-containing raw materials was due to
the fact that the initial products, in terms of their chemical
composition, should have the least probable allergenicity,
which is a very important factor when consuming final
food products for special medical purposes. The safety of
the raw materials was investigated according to sanitary-
chemical and microbiological indicators. To determine the
content of pesticide residues, the method of ultra-high-
performance liquid chromatography with electron spray
ionization mass spectrometry (UPLC-MC/MC, Waters, USA)
and the method of gas chromatography according to DSTU
EN 12393-1:2003, DSTU EN 12393-2:2003, DSTU EN 12393-
3:2003 and GOST 30349-96 were used. The content of lead,
cadmium, mercury, zinc was determined by the atomic
emission method (device — atomic emission spectrometer
“SHIMADSU ICPE-9820"); methods for measuring heavy
metals —MI.C3.7.2.01-017 and MI.C3.7.2.01-018.To determine
radionuclides, the spectrometer “CEG-001", “AKP-C” and

spectrometer “CEB-01-70" were used (Methodology for
measuring the specific activity of '¥’Cs — Ml 12-04-99.
Methodology for measuring the specific activity of *°Sr
— MI 12-05-99).

Statistical analysis of the obtained data was carried out
using the IBM SPSS Statistics version 29.0.0.0 program;
correlation analysis was applied using the Kendall Tay-b
method.

RESULTS
According to the results of the studies, it was found that
the raw material components in terms of the content of
heavy metals, radionuclides and pesticide residues meet
the established medical safety criteria. The complexing
ability of pectins from various vegetable and fruit raw
materials to a mixture of Cu?, Zn?*, Cd* and Pb*" ions was
(mg meth/g pectin / mmol meth/g pectin):
— from sugar beet pulp (Cu?* — 148/2,32; Zn** — 85,0/1,30;
Cd* —154/1,17;, Pb?* — 147/0,71);
— citrus (Cu**—127/2,00; Zn*" — 82,4/1,26; Cd** — 115/1,02;
Pb* — 126/0,61);
— quince (Cu* —82,7/1,30; Zn* —85,7/1,31; Cd** -130/1,16;
Pb*" —143/0,69);
— apple (Cu**—99,2/1,56; Zn* —97,5/1,49; Cd** — 88,8/0,79;
Pb? — 82,9/0,40);
— carrot (Cu** —50,9/0,80; Zn** — 46,4/0,71; Cd* - 79,8/0,71;
Pb*" —78,7/0,38);
— pumpkin (Cu?* — 76,3/1,20; Zn* — 53,6/0,82; Cd** —
67,4/0,60; Pb*" — 66,3/0,32).
The above results are shown in Fig. 1, Fig. 2, Fig. 3, Fig. 4.
According to the Kendall Tay-b rank correlation method
(two-way correlation is significant at p<0,01), it was found
that the lowest esterified sugar beet pectin has the highest
complexing ability towards the mixture of Cu?, Zn?", Cd?**
and Pb?*ions (r=0,600; p<0,01). Apple pectin has a lower
complexing ability for Pb?" than sugar beet, citrus and
quince pectins (r=0,560; p<0,01).
Pumpkin (r=0,314; p<0,01) and carrot (r=0,156; p<0.01)
pectins have a lower complexing ability towards heavy
metals than the other pectins mentioned above.

DISCUSSION

It is known that pectin is contained in carrots and
pumpkins in smaller quantities than in sugar beets, citrus
fruits, quinces and apples. However, as raw materials for
food formulations for special medical purposes, pectin-
containing pumpkin products enriched with apple pectin
and/or pectin-containing pumpkin and apple juices were
chosen, since they have the least probability of causing
an allergic reaction. The addition of apple pectin and/or
pectin-containing apple products and juices was intended to
increase the detoxification capacity of the pectin-containing
food product in relation to heavy metal ions, which will
further ensure the possibility of its use for special medical
purposes.

The action of pectin begins from the moment it enters
the stomach; the full complexing effect occurs in the colon
and ends in the rectum. The most favorable conditions for
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Fig. 1. Comparative characteristics of the complexing ability of pectins
(mmol met/g pectin) from various vegetable and fruit raw materials to
metal ions (Pb?*)

Source: compiled by the authors of this study
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Fig. 2. Comparative characteristics of the complexing ability of pectins
(mmol meth/g pectin) from various vegetable and fruit raw materials
to copper ions (Cu?")

Source: compiled by the authors of this study

the complexation of pectins with metals in the intestine are
an alkaline environment. The acidity rate in the stomach is
1,5-2,0 (pH units). The acidity of the small intestinal juice
is 7,2-7,5 (pH units); with increased secretion it increases
to 8.6 (pH units). The acidity of the large intestinal juice
is 8,5-9,0 (pH units). The effectiveness of apple pectin for
complexation decreases under the influence of hydrochloric
acid and gastric juice enzymes during food digestion, so
we have developed a number of product formulations for
special medical purposes with an additional content of
low-esterified sugar beet pectin (and/or its puree), which is
known to form complexes with metals in a wide pH range.

Also, when developing food formulations for special
medical purposes that contained pectin-containing carrot
raw materials, the need to maintain shelf life and increase
the detoxification capacity of the final product was taken
into account by adding low-esterified sugar beet and

Zn
Sugar beet pectin
3
Pumpkin pectin Citrus pectin
1
0
Carrot pectin Quince pectin
Apple pectin

Fig. 3. Comparative characteristics of the complexing ability of pectins
(mmol meth/g pectin) from various vegetable and fruit raw materials
to zinc ions (Zn?*)

Source: compiled by the authors of this study
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Fig. 4. Comparative characteristics of the complexing ability of pectins
(mmol meth/g pectin) from various vegetable and fruit raw materials
to metal ions (Cd?*)
Source: compiled by the authors of this study

apple pectins (or their pectin-containing purees) under
the condition of maintaining the pH of the product within
4,8-5,0 (pH units).

Based on the results of studies of the complexing ability
of pectins from various vegetable and fruit raw materials to
each of the Cu**, Zn*", Cd** and Pb*" ions separately, which
are shown in Figs. 1-4, itis possible to assess the feasibility
of using a particular pectin-containing raw material (or
the corresponding pectin) for the purpose of removing a
certain metal from the body.

The term“food products for special medical purposes”is
defined in paragraph 93 of part one of article 1 asamended
by the Law of Ukraine“On Amendments to Certain Legislative
Acts of Ukraine on Bringing the Legislation of Ukraine in
the Field of Providing Baby Food in Accordance with the
Requirements of the Legislation of the European Union”No.
1822-IX dated 10/21/2021).The creation of food products
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for special medical purposes containing pectin-containing
extracts, purees and pectins is due to the need to restore
the functions of the human body after acute infectious and
non-infectious diseases and to support the body weakened
by long-term and chronic diseases.

The complex-forming properties of low-esterified pectins
allow them to be considered as a valuable component of
special nutrition aimed at non-specific detoxification of
the body in a wide range of acute and chronic diseases
accompanied by metabolic disorders and multi-organ
failure in a wide range of infectious, non-infectious diseases
and poisonings.

The production of food products for special medical
purposes in Ukraine is most economically profitable due
to the use of semi-finished products and products (from
pumpkin, apples, sugar beet) as raw materials, in the creation
of which there is almost no production waste [2, 10, 11].
Food products manufactured according to the proposed
approaches, along with the content of pectin substances,
also have a valuable composition of biologically active
substances (organic acids, glucose, fructose, proteins),
macro- and microelements. Such food products can be
intended for partial feeding of patients with various needs
that cannot be satisfied by modifying the usual diet [12]. The
proposed pectin-containing products should be consumed
as prescribed by a doctor in a healthcare facility and/or
outside it.

In many countries of the world, the search for new natural
components for the creation of special nutrition formulations
continues. The complexing properties of low-esterified
pectins allow us to consider them as a valuable component
of special nutrition aimed at non-specific detoxification
of the body in a wide range of diseases.

Today, natural macromolecules are used for the adsorption
of pollutants, including heavy metal ions and organic dyes,
due to their low cost, availability, biodegradability and
environmental friendliness. Pectin, an important natural
polymer, has a large number of carboxyl and hydroxyl
functional groups that can interact with inorganic and
organic cations [13].

The economic efficiency of the production of pectin-
containing food products is due to the fact that a cheap
source of pectin is beet pulp. During the processing of sugar
beet in the sugar industry, a huge amount of beet pulp is
formed as waste, which can be considered a valuable by-
product and a source of cellulose, hemicellulose and pectin.
The transformation of sugar beet pulp into value-added
products is carried out using acid hydrolysis, hydrothermal
methods and enzymatic hydrolysis. Modern methods of

processing raw materials allow to obtain value-added
products [14].

Scientificand technological progress has allowed to create
hybrid materials of hydrogels and metal organic pectin
frameworks with high adsorption capacity. For example,
pectin hydrogel was obtained from by-products of tangerine
peel, and calcium chloride was used as a cross-linker to
combine with metal organic Fe-TAC frameworks to form a
framework-pectin composite by in situ synthesis [15]. Another
direction for increasing the antioxidant properties of sugar
beet pectin is the integration of enzymatic modification
and ultrafiltration for the production of pectin fractions
with high antioxidant capacity as a green valorization of
sugar beet pulp [16]. The positive effect of ultrasound
treatment on the structure and antioxidant properties of
sugar beet pectin has been proven [17].

Studies aimed at studying the structural characteristics
and mechanisms of antioxidant activity of sugar beet pectin,
in particular its subfraction rich in ferulic acid, have been
conducted [18]. A separate important argument for the value
of pectin, in addition to its complex-forming properties,
is its high probiotic capacity [19, 20].

PERSPECTIVES FOR FURTHER RESEARCH

The large-scale war unleashed by the Russian Federation
against Ukraine has created an extremely high level of
chemical, biological, and radiological and nuclear threats
due to the use of explosives, the destruction of critical
infrastructure, and the terrorist seizure of the Zaporizhzhia
NPP by Russian forces. All this confirms the need to develop
effective means of protecting the health of military personnel
and civilians from the effects of chemicals and ionizing
radiation. A special role in this aspect belongs to food pectin-
containing products with high complexing properties.

CONCLUSIONS

1. It was established that the lowest esterified sugar beet
pectin has the highest complexing ability towards
the mixture of Cu?*, Zn?*, Cd** and Pb?* ions.

2. Adding apple pectin and/or pectin-containing apple
products and juices to sugar beet pectin helps to reduce
its allergenic properties and increases the nonspecific
detoxification properties of the final product.

3. The complexing properties of low esterified pectins
allow us to consider them as a valuable component of
special nutrition aimed at nonspecific detoxification of
the body in a wide range of infectious, non-infectious
diseases and poisonings accompanied by metabolic
disorders and multiorgan failure.
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