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The problem of removing heavy and radioactive
metals from the human body is relevant all over the
world. Recent research has shown that it is more
effective to use substances contained in natural
food products, including pectin. Pectin has a favor-
able effect not only under acute exposure to metals,
but also with their prolonged entry into the body,
which is typical for an environmental load of resi-
dents of industrial regions and modern megalopolis.

The use of pectin substances as natural detox-
icants requires research to preserve these sub-
stances in products and further use. Therefore, an
important condition for using pectin concentrates
is to determine the shelf life for safe consumption.
Based on this, studies were conducted to determine
optimal storage parameters and terms for pumpkin
concentrate.

The sequence and parameters of pectin concen-
trate production from Karina pumpkin pomace are
Justified.

As a result of the study, it was found that during
storage of pectin concentrate from Karina pump-
kin pomace at a temperature of 8 °C for 10 months,
the pectin content in the concentrate decreased by
0-12. 45 %, at 25 °C — by 0-63 %, compared to the
control sample. Based on the results, it can be con-
cluded that the safe storage period of pectin-con-
taining concentrates from Karina pumpkin extracts
at a temperature of 25 °C is 7 months, at 8 °C —
10 months.

As a result of mathematical processing of exper-
imental data, equations for the relationship of pec-
tin amount with storage temperature, pH and time
are obtained
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1. Introduction

The uniqueness of the physicochemical properties of
pectin substances attracts increasing scientific attention.
An active search is underway for substances that can protect
the health of people working in harmful production, as well
as residents of large industrial centers. Preference is given to
detoxicants of natural origin, such as pectins [1, 2].

Pectin has many useful properties: it increases the body’s
allergic resistance, has a beneficial effect on cellular respira-
tion of tissues and general metabolism, etc. [3—5]. Getting
into the gastrointestinal tract, pectins form gels, swelling of
which leads to dehydration of the digestive tract and, mov-
ing in the intestine, these gels capture toxic substances. Ga-
lacturonic acid formed during the hydrolytic decomposition
of pectin under the action of intestinal microflora promotes
detoxification of harmful substances.

One of the most important biologically active properties
of pectin-containing products is the complexing ability,
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based on the interaction of pectin with heavy and radioactive
metal ions. The complexing ability is the basis for designing
food products based on pectin-containing raw materials. At
the same time, low-esterified pectin substances, including
pumpkin pectin, have the best complexing properties.

Thus, research on the quality and safe storage terms of
pumpkin pectin concentrate opens up broad prospects for
creating new safe food products with pronounced functional
properties.

2. Literature review and problem statement

Environmental pollution with heavy metals is consid-
ered a serious threat to public health due to the toxicity
of these pollutants and the lack of effective materials with
metal-binding properties. Some biopolymers, such as pectins,
have been proposed to remove metal ions from industrial
drains. The chemical structure of pectins is very diverse and




significantly affects their metal-binding properties. The in-
fluence of contact time, pH of the medium and equilibrium
metal concentration on the metal binding process was tested
in experiments. It is found that the min equilibrium time
required for Pb (IT) absorption by pectate compounds is 60
minutes. The results show that low molecular weight calci-
um pectate is a more promising means for removing Pb (1I)
ions from contaminated wastewater [6].

Pectins are soluble dietary fibers, biopolymers that are
part of the cellular walls of plates and cytoplasm of plant
cells. They are found in almost all fruits and vegetables. Be-
ing a tissue structural element, pectins provide integrity and
stabilization of plant cell tissues, ensure water-salt metabo-
lism, and are characterized by high gelling capacity. Pectins
are essential in human nutrition as “dietary fiber” compo-
nents, have a wide range of physiological activity [7, 8].

In [9], a search was made for the rational use of medici-
nal plants to obtain pectin substances. The relevance of this
study is due to a significant deficit of most of the necessary
biologically active substances, in particular pectin, in the
population. In order to expand sources of raw materials of bi-
ologically active substances, non-conventional raw materials
were studied, such as roots of greater burdock Arctium lap-
paL., common dandelion Taraxacum officiale Wigg. and
elecampane Inula helenium L. These raw materials were cho-
sen because, firstly, all of them are pharmacopoeial prepara-
tions, secondly, they have similar therapeutic properties and
chemical composition. The obtained pectins were compared
with conventional pectins and attributed to low-esterified
pectins with the content of free carboxyl groups 3.0-3.8,
esterified groups 2.4—3.7, polyurethanes 57-64 %. Sorption
properties of dandelion, burdock and elecampane pectins
with respect to cadmium and copper ions have been studied.

Laboratory tests showed that pine and larch pectins make
it possible to obtain viscous jellies that cannot be cut with a
knife [10]. Such a jelly structure is allowed for candy centers
formed by starch molding and fillings for shaped chocolate
goods. Pectins from the bark of coniferous trees have an
insufficiently high degree of esterification (46—48 %) and
low molecular weight. The obtained pectins can be used as
a jelling agent in confectionery only in the presence of cal-
cium ions. Also, coniferous pectins can be successfully used
in various fruit and berry semi-finished products for flour
confectionery and pastries. Since all the studied coniferous
pectins have a low degree of esterification, it is advisable to
use them in preventive and therapeutic products with a high
content of pectin substances and low sugar content.

Clinical trials were conducted to assess the sorption
capacity of citrus pectin. A series of model whey solutions
of salts of essential and toxic metals of different concen-
trations were prepared. The concentration of metals in the
solution corresponded to 0.5; 1.0; 2.5; 3.5; 5.0 mg/1. The sor-
bent-solution ratio was 1:10. At the same time, citrus pectin
demonstrated high efficiency for all the studied metals, with
a capacity range from 40 pg/g for cadmium up to 63 pg/g
for lead [11].

Pectin attracts great interest of cancer biologists due
to its participation in detoxification of metals/carcinogens
and anticarcinogenic properties. In particular, [12] showed
that citrus pectin (CP) and modified citrus pectin (MCP)
play an important inhibitory role in metastasis, invasion,
angiogenesis and survival of cancer cells. The interaction
and inactivation of CP and MCP oncogenes in prostate,
breast, liver, lung, and melanoma cancer suggest that CP and

MCP may play an important role in cancer chemotherapy
and chemoprophylaxis. In this review, the authors focus on
the biological function of pectin in relation to its properties,
sources, structure, and its potential role in carcinogen de-
toxification and cancer suppression. Future research should
focus on isolating bioactive pectin components that may be
useful in the development of cancer drugs.

Modified citrus pectin has been found to significantly
increase urinary lead excretion in adults [13] and is espe-
cially recommended for children as a safe and harmless
chelator [14]. The main therapeutic effect of pectin is asso-
ciated with the peculiarities of its chemical structure. The
presence of chemically active free carboxyl groups, alcohol
hydroxyls and polygalacturonic acid promote chelation.
The formed chelates remove heavy metals and nuclides
from the body. There is evidence in the literature that
pectins increase the antioxidant activity of blood and liver
tissues [15].

Gelling conditions determine the degree of esterification.
So, pectins with a high degree of esterification (above 50 %)
form a strong jelly, low-esterified pectins (Iess than 50 %) jelly
in the presence of calcium ions [10]. The degree of pectin es-
terification was found to determine the immunopetentiating
effect [16]. Clinical studies have proven no side effects when
taking preparations. Pectin intended for the treatment of
acute intestinal diseases has a distinct and persistent positive
effect in intestinal dysbiosis.

Low-esterified pectin substances, including pumpkin
pectin, have the best complexing properties. Pumpkin pectin
is somewhat inferior in gelling capacity to apple and citrus
pectins, while having much better complexing properties,
which is extremely important for making therapeutic food
products. In [17], the degree of esterification in pumpkin
pectin concentrate was found to be 34.7 %, the complexing
ability of pumpkin pectin — 290 mg Pb?*/g. The resulting
pumpkin pectin concentrate can increase the effectiveness
of certain drugs, reduce their toxic effect on the body and
eliminate some side effects.

Consumption of any food and pharmaceutical products
requires studying safe storage terms. The literature review
has shown insufficient research on the shelf life of pectins
and pectin products (pectin-containing extracts and con-
centrates). However, there are studies on the strength of
pectin gels and viscosity of pectin solutions at different
temperatures (4 °C, 25 °C, 40 °C). Both gel viscosity ([n])
and strength decrease with increasing storage time, which is
more noticeable at high temperatures. Storage conditions of
pectin, especially high temperature, affect depolymerization,
but whether this will be harmful for its intended applica-
tion will depend on the functional value of changes. Com-
pared to the sample taken immediately after manufacture,
the gel strength decreased by an average of 7-12 % after
6 months of storage. This could be due to the decomposition
of pectin compounds by acids present in the product and
weakening of consistency [18].

[19] studied low-methoxyl pectins (LMP) obtained by
HCI, NaOH and NHj deesterification. The studied pectins
were stored with or without the addition of Na,CO3 as a
buffer at room temperature (25-30 °C) or exposed to vari-
ous levels of relative humidity (r. h.) at 37 °C. Loss of gelling
capacity was observed in all pectin samples.

Due to more pronounced radioprotective, detoxifying
properties of low-esterified pectin compared to high-ester-
ified pectin, it is necessary to develop rational modes for



extracting low-esterified pectin substances from various
plant materials.

Processors of plant raw materials tend to use new, more
cost-effective technologies for creating pectin concentrates
from cheap secondary raw materials. For example, produc-
tion of pectin concentrates from the pomace of various fruits
in juice production, from pulp obtained by processing sugar
beet at sugar plants, from sunflower baskets after processing
it into oil, etc. However, the preservation of liquid pectin
products — extracts and concentrates with different pectin
contents has not been studied. The literature covers more
about the production of expensive dry pectin with a humid-
ity of 6-8 % and recommendations for its storage and use in
various products. In this regard, the problem of pectin con-
centrates with the preservation of the main active substance,
depending on the conditions and time of storage, has not yet
been solved and requires modern research.

3. The aim and objectives of the study

The aim of the study is to justify safe storage terms for
the developed pectin-containing concentrates from pumpkin
pomace, ensuring the expediency of using them in therapeu-
tic and preventive nutrition.

To achieve the aim, the following objectives were set:

— to develop a flow diagram for the production of pectin
concentrate from Karina variety pumpkin;

— to investigate safe storage terms for pectin concentrate
from pumpkin pomace;

— to determine the mutual influence of different storage
conditions of pumpkin pectin concentrate using the methods
of multifactor experimental design by pectin mass ratio.

4. Materials and methods of the study

The objects of the study are Karina pumpkin pomace,
pumpkin pectin extract, pumpkin pectin concentrate.

Pectin content was determined by the method described
in [20]. Safe storage terms for pectin-containing concentrate
from Karina pumpkin pomace were determined by chang-
es in pectin content. The pectin content was determined
for 10 months at temperatures of 8 °C and 25 °C with a con-
trol interval of once a month.

It is known that the pectin mass ratio gradually decreas-
es during long-term storage of pectin-containing concen-
trates from pumpkin pomace at different temperatures. The
pH of pectin concentrate will also have some effect.

To reduce the number of experiments and obtain a reli-
able assessment of the influence of the factors noted on pec-
tin mass ratio, methods of multifactor experimental design
were used.

Considering the nonlinear nature of the influence of
storage temperature, time, and pH on pectin content, a
three-factor composite uniform-rotatable experimental de-
sign was used for the mathematical description of this rela-
tionship [21, 22], consisting of 3 experimental blocks:

— a core of FFE design—23 of 8 experiments;

— a block containing star points (6 experiments);

— a block of parallel experiments in the center of experi-
ments (6 experiments), ensuring the constant variance of the
predicted values of the output criterion at all points of the
studied region [21, 22].

Data processing and all necessary calculations were car-
ried out using the algorithm [21] and the PLAN sequential
regression analysis program described in detail in [23]. This
program allows forming matrices of various experimental
designs, calculating regression coefficients for the test crite-
rion by the least squares method, determining necessary sta-
tistical characteristics of the obtained regression equation,
including checking the heterogeneity of variances, deter-
mining the significance of regression coefficients, checking
its adequacy to experimental data by the Fisher criterion.

Using the PLAN program, a second-order regression
equation was obtained for the three studied factors ¢, T and
pH as follows:
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where y is the pectin mass ratio, %; xy is the coded value of
pectin storage temperature t; x5 is the coded value of pectin
storage time t; x5 is the coded value of pectin concentrate pH.
The transition from natural to coded values of the indicat-
ed factors was carried out according to the following ratios:

x1=(-15.5)/5.05;
x9=(1—153.5)/87.1;
x3=(pH-5.6),/0.9512, )

where ¢ is the pectin storage temperature, °C; t is the pectin
storage time, days; pH is the pectin concentrate pH.

In these ratios, the values of 15.5; 153.5 and 5.6 are equal
to the centers of experiments, respectively, in terms of pectin
storage temperature, time and pH. The variation intervals of
the factors, as can be seen from the ratios (2), are equal for the
pectin storage temperature of 5.05 °C, time of 87.1 days and
for the concentrate pH of 0.9512. The accepted values of the
experimental centers and variation intervals provide necessary
ranges for the studied factors, taking into account the axial dis-
tance: for the storage temperature 8...25 °C, time 7..300 days
and pH 4...7.2. This is more clearly shown in Table 1.

Table 1

Summary characteristics of the composite uniform-rotatable
design for studying the relationship between pectin mass
ratio and ¢, T and pH factors

Designations Factors
Natural factor values t,°C 1, days pH
Coded factor values Xy X9 X3
Factor variation intervals A 5.05 87.1 0.9512
Factor levels:
— lower star point (—R) 8 7 4
— lower level 11.45 66.4 4.9
— center of experiment 16.5 153.5 5.6
— upper level 24.55 240.6 6.55
— upper star point (+R) 25 300 7.2

The significance of the regression coefficients was
checked by comparing them with the confidence interval &
calculated by the expression

€=t,./C;S, 3)



where t,, is the critical value of the Student’s criterion; c;; is
the diagonal element of the variance matrix [23].

The adequacy of the regression equation was checked by
the Fisher criterion [21-23].

Using the obtained adequate regression equation in the
MS Excel spreadsheet environment, response surfaces were
constructed, giving a visual graphical representation of the
influence of the studied factors and their paired interactions

importance of preserving raw materials. The pectin-con-
taining pumpkin pomace extract was then concentrated
by vacuum evaporation (at t=58-60 °C, pressure 0.5—
—0.7 atm). The resulting pectin-containing concentrate was
characterized by a soluble solids content of 24.0+0.02 %,
total pectin content was about 2.50-2.60£0.02 %.

‘ Obtaining pumpkin pomace ‘

on the pectin mass ratio. !
‘ Drying raw pomace (at /=56 °C, 24 hours) ‘

3. Results of research on safe storage terms for the v
developed pectin-containing concentrates ‘ Milling ‘

from pumpkin pomace it

5. 1. Production flow diagram for pectin concentrate
from Karina pumpkin pomace

Enzymatic hydrolysis of pectin-containing raw ma-
terials has a number of significant advantages over acid
one traditionally used in pectin production. Firstly, there
is no need to work with caustic, aggressive agents, the
hydrolysis process occurs at a native pH. Secondly, the
requirements of labor protection are lower than with
acid hydrolysis of raw materials. Thirdly, adjusting the
enzyme dose and process conditions reduces the amount
of by-products [24-27].

Based on the previously developed technological
modes (water duty 1:10, extraction temperature 40—41 °C,
solution pH 6.0, extraction time 4—5 hours), a pectin-con-
taining extract from pumpkin pomace with a pectin con-
tent of 0.85-1.05% was obtained. Extraction of pectin
substances from Karina pumpkin pomace was carried out
using the Pectinase from Aspergillus niger enzyme prepa-
ration (Fig. 1).

Production flow diagram for pectin concentrate (Fig. 1)
consists of the following operations: raw material prepara-
tion; enzymatic extraction; filtration; centrifugation; en-
zyme inactivation; extract concentration; concentrate pas-
teurization; packing.

Preparation of pectin-containing raw materials consists
in washing pumpkin with 25 °C tap water cleaning (total
losses are 3.32+1.0 %).

Then, milling, liquid phase separation and obtain-
ing of pomace from pumpkin fruit were carried out.
The pomace was dried at 56 °C for 24 hours, followed
by drying at room temperature of 20-22 °C until dry
pumpkin pomace was obtained. The resulting dry pom-
ace was milled, mixed with distilled water in a 1:8
ratio and left to swell at 48-50°C for 12-15 hours.
Distilled water was again added to the resulting mix-
ture to a 1:10 ratio and the pH of the medium was mea-
sured. To carry out enzymatic extraction, the Pectinase
from Aspergillus niger enzyme preparation in an amount
of 2 % was added to the resulting mixture and extraction
was carried out at 40—41 °C for 4—5 hours. The samples
were then stirred for 5 minutes every 30 minutes. After
stirring, the extract was filtered, centrifuged, and the
enzyme was inactivated for 30 minutes. The total pectin
content in the pumpkin pomace extract ranged from 0.85
to 1.05 %, soluble solids 13.76+1.0 %. Freshly prepared
pumpkin pomace after processing pumpkin fruits is un-
stable: enzymatic processes of protopectin decomposition
during the day make it unsuitable for obtaining high-qual-
ity pectin. This implies the necessity and the exceptional

Swelling at 48-50 °C
for 12—15 hours

v
Adding 2.0 %
Pectinase from Aspergillus niger enzyme preparation

v
Enzymatic extraction at 40—41 °C for 4-5 hours

v

Extract filtration

v

Extract centrifugation at 8000 g/min
for 15 min

v

Enzyme inactivation (at =77 °C, 30 min). Total pectin
content in the extract about 0.85-1.05 %, soluble solids
13.76+1.0 %

v

Concentration by vacuum evaporation (at =58-60 °C,
0.5-0.7 atm). Soluble solids content 24.0+0.02 %,
total pectin content 2.50-2.60+0.02 %

v

Concentrate pasteurization (at /=75 °C, 30 minutes)

v

Concentrate packing, storage

Fig. 1. Production flow diagram for Karina pumpkin pectin
concentrate

The resulting product was pasteurized at 75 °C for 30
minutes and packed in sterile containers.

5. 2. Determination of safe storage terms for pectin
concentrate from Karina pumpkin pomace

The criterion for determining safe storage terms for
the pectin-containing concentrate was a change in pectin
amount. The pectin content was determined for 10 months
at 8 °C and 25 °C with a control interval of once a month.
A decrease in pectin content in the concentrate by more
than 25.0 % will be considered the end of the shelf life of the
studied products.

The results of experimental determination of storage
time of the pectin-containing concentrate obtained from
Karina pumpkin pomace at temperatures of 8 °C and 25 °C
by pectin content are presented in Table 2.



Table 2

Effect of storage temperature and time of pumpkin pomace pectin concentrate on pectin content

. Research months
Indicator Control
01 02 03 04 05 06 07 08 09 | 10
Changes at storage temperature, 8 °C
colrjteglltn‘y 2414001 | 2.41+0.02 | 2.41+0.01 | 2.40+0.02 | 2.40+0.01 | 2.37+0.02 | 2.37+0.02 | 2.35+0.01 | 2.35+0.02 [2.32+0.01|2.11%0.01
Changes at storage temperature, 25°C
colrjfecflltn‘y 2.41%0.01 | 2.41£0.02 | 2.40+01 |2.22+0.02[2.39+£0.01| 2.35+0.02 | 2.32+0.01 | 1.98+0.02 | 1.27£0.02 |1.09+0.02|0.88+0.02

As a result of research (Table 2), it was found that during
storage of pectin concentrate from Karina pumpkin pomace,
the pectin content in the concentrate decreased compared to
the control sample. During storage at 8 °C for 10 months, the
pectin content decreased by 0—12.45 %, at 25 °C — by 0—-63 %.

Processing of the obtained data by the least squares method
provided an interpolation equation describing the relationship
between pectin content in the concentrate and storage time and
temperature

y¥=2.072—0.20707t+0.01695¢—
—0.0078611t—0.016397%, s=0.026 %, (4)

where y is the pectin content, %; 1 is the pectin concentrate
storage time, months; ¢ is the storage temperature, °C; s is the
standard deviation,%.

Based on equation (4), graphical relationships for pec-
tin content during storage at different temperatures were
constructed, shown in Fig. 2.
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Fig. 2 The analysis of the graphic data in shows that
the safe storage period for Karina pumpkin pomace
concentrates at a temperature of 25 °C is 7 months, at
8 °C — 10 months. The research results meet the standard
requirements for these products

5. 3. Modeling of the mutual influence of pumpkin pec-
tin concentrate storage conditions by pectin mass ratio

The use of pectin substances as natural detoxicants for
people living in adverse environmental conditions requires
further research to preserve these substances in products and
further use [28, 29].

To compile a mathematical description of changes in
the pectin mass ratio with different pH during storage
under different temperature conditions, an active mul-
tifactorial experiment was conducted. The results are
shown in Table 3.

Table 3

Matrix and results of experiments to determine the
dependence of pectin mass ratio on the studied factors

Experimental conditions
—Experimental
Experimental |  coded variables natt;r;lezarl— results,%
number
x| w | x |4°C d;’ys PH | Yoy | Yoo

1 -1 -1 -1 114|664 |49 |2.60| 2.61
2 1 -1 -1 (2451664 |49 |225]| 2.31
3 -1 1 -1 |11.4]240.0/ 49 [ 2.35| 2.38
4 1 1 -1 124.5(240.0| 49 [ 1.43 | 1.51
5 -1 -1 1 |11.4]|66.4(6.6|2.55]| 2.54
6 1 -1 1 |24.5|66.4(6.6|235]| 2.38
7 -1 1 1 11.4]240.0 6.6 | 2.27 | 2.31
8 1 1 1 |24.5]|240.0{ 6.6 | 1.50 | 1.58
9 -1.682| 0 0 8.0 |53.5|5.6|247| 247
10 1.682 0 0 [25.0{153.5] 5.6 | 1.71 | 1.60
11 0 [-1682] 0 |[155] 7.0 |5.6|256| 2.54
12 0 [1.682| 0 [15.5/300.0{56|1.77| 1.68
13 0 0 [-1.682|15.5(153.5| 4.0 | 2.60 | 2.50
14 0 0 |1.682|15.5(153.5/7.2|2.50| 2.50
15 0 0 0 |15.5|153.5| 5.6 | 2.42 | 2.42
16 0 0 0 [15.5]153.5] 5.6 | 2.39 | 2.42
17 0 0 0 [15.5]153.5] 5.6 | 2.37 | 2.42
18 0 0 0 [15.5[153.5/ 5.6 | 2.45 | 2.42
19 0 0 0 [15.5[153.5) 5.6 | 2.47 | 2.42
20 0 0 0 [15.5[153.5 5.6 | 2.41 | 2.42

By processing the experimental data, the following regres-
sion equation in coded variables is obtained

y=2.42145-0.25760x, —0.25836x, —0.13647x -
—~0.10996x +0.02613x% —0.1425x,x, +0.03750x,x,.



The equation according to the Fisher criterion ade-
quately describes the experimental data, since the following
condition is met

F,=4.40<F,,(0.95; 4; 5)=4.70. (6)

Given the presence of significant linear, quadratic re-
gression coefficients and coefficients of paired interactions of
individual factors for pectin mass ratio, it is quite difficult to
conduct an analytical analysis of the equation. This requires
the transformation of equation (5) into several quasi-sin-
gle-factor bulky equations [21]. The influence of the factors
is much easier to see on the graphical interpretation of the
regression equation (Fig. 3).

Therefore, to visualize the influence of both individual
factors and their joint effect, response surfaces were con-
structed on the basis of equation (5) for the significant coef-
ficients of paired interactions x1x9 and x1x3, shown in Fig. 3.
At the same time, the values of the third factors were fixed
at the levels giving the maximum estimated values of pectin
mass ratios.

from the human body. At the same time, low-esterified pectin
substances, including the obtained pumpkin pectin, have the
best complexing properties.

The conducted scientific research allowed us to sub-
stantiate the sequence and parameters of pectin concen-
trate production from Karina pumpkin pomace. The flow
diagram consists of the following operations: preparation
of pectin-containing raw materials; enzymatic extraction;
extract filtration; centrifugation; enzyme inactivation; ex-
tract concentration; concentrate pasteurization; packing.
To carry out enzymatic extraction, the Pectinase from
Aspergillus niger enzyme preparation in an amount of
2% was used. The total pectin content in the pumpkin
pomace extract ranged from 0.85 to 1.05 %, soluble sol-
ids 13.76%1.0 %. The soluble solids content in the pectin
concentrate was 24.0£0.02 %, total pectin content was
about 2.50-2.60+0.02 %.

Safe storage terms for pectin-containing concentrate
from Karina pumpkin pomace were determined on the
basis of changes in pectin amount. The pectin content was
determined for 10 months at temperatures of 8 °C and 25 °C
with a control interval of once a month. As a result of
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research, it was found that during storage of pectin
concentrate from Karina pumpkin pomace, the pectin
content in the concentrate decreased compared to
the control sample. During storage at a temperature
of 8°C for 10 months, the pectin content decreased
by 0-12. 45 %, at 25 °C — by 0-63 %.

Based on the results, it can be concluded that
the safe storage period for pectin-containing concen-
trates of Karina pumpkin extracts at a temperature
of 25°C is 7 months, at 8 °C — 10 months and more.
The research results meet the standard requirements
for these products.

An important condition for using pectin concen-
trates is the determination of shelf life for safe con-
sumption. On this basis, in order to determine ratio-
nal storage parameters and periods for the pumpkin
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concentrate, experiments are planned to determine
the influence of storage temperature, pH and time
on pectin amount in the pumpkin concentrate.

The experimental determination of safe storage
terms of the concentrate, the results of which are
given in Table 2, equation (4) and Fig. 2, provided
the following.

Analysis of the obtained equation (4) shows
that the pectin mass ratio has a linear relationship
with the storage temperature of pectin concen-
trate, which is complicated by the combined effect
of storage time (see negative coefficient of paired
interaction). The storage time of the concentrate
reduces the pectin content by quadratic law.

Fig. 3. Response surfaces of the dependence of the pectin content on
the concentrate storage temperature and time: a — pH=7.2;

b—1=207.6 day

6. Discussion of the results of research on safe storage
terms for pumpkin pectin concentrate

The literature review shows that pectin substances have
the ability to bind and remove stable and radioactive metals

The combined effect of time and temperature
on pectin content is more clearly shown in Fig. 2.
It can be seen that at the beginning of pectin con-
centrate storage, the change in concentrate storage
temperature slightly affects the pectin mass ratio.
However, with an increase in storage time, the pec-
tin mass ratio decreases by quadratic law, and with
an increase in temperature, a rapid decrease in pectin
is observed after 10 months of storage at a temperature
of 25°C.

Mathematical modeling of the mutual influence of stor-
age conditions of pumpkin pectin concentrate with different



pH in terms of pectin mass ratio, the results of which are giv-
en in Table 3, equation (5) and Fig. 3 showed the following.

Fig. 3, a shows that the relationship of pectin mass ratio
with t and 7 is quadratic, representing a convex surface with a
maximum. With an increase in pectin storage temperature and
time, a decrease in the pectin mass ratio is observed. So, at a
temperature of 8 °C, an increase in the concentrate storage time
from 7 to 300 days practically does not lead to a decrease in
pectin. However, storage at 25 °C leads to a significant decrease
in pectin mass ratio from initial 2.41 % to 0.42 %, i. e. 5.7 times.

Fig. 3, b shows that an increase in pectin storage tem-
perature leads to a linear decrease in pectin mass ratio at a
rate of 0.174 % per one degree of temperature change. When
the pH value changes, the safe storage terms for the concen-
trate practically do not change, as indicated by significantly
lower regression coefficients at pH. So, during the concen-
trate storage at 20 °C for 300 days, the pectin mass ratio is
within 2.07...2.16 %.

For the known storage temperature and pH of the
concentrate, from equation (5), appropriate storage time
can be determined, at which the residual pectin mass ratio
will be at least 25 % of the original value, i. e. not lower
than 1.81 %. So, during storage of pectin concentrate with
pH=7.2 at 20 °C, the safe storage time will be 230 days.

This study was conducted under a temperature from 8
to 25 °C with storage time of up to 300 days. Research is
needed the results of which may be the use of various pre-

servatives increasing safe storage terms of pectin concen-
trates while maintaining the original amount and quality
of pectin.

7. Conclusions

1. A flow diagram for the production of pectin concen-
trate from Karina pumpkin pomace has been developed.
The total pectin content in the pumpkin pomace extract
ranged from 0.85 to 1.05 %, soluble solids 13.76+1.0 %.
The resulting pectin-containing concentrate was char-
acterized by a soluble solids content of 24.0£0.02 %, the
total pectin content was about 2.50-2.60+0.02 %.

2. Based on the study of pectin content, it was found
that the safe storage period of the pectin concentrate from
Karina pumpkin extracts at a temperature of 25°C is
7 months, at 8 °C — 10 months.

3. It was found that the relationship of pectin mass ratio
with ¢ and 7t is quadratic, representing a convex surface with
a maximum. With an increase in pectin storage temperature
and time, a decrease in the pectin mass ratio is observed. It is
shown that at a temperature of 8 °C, an increase in the con-
centrate storage time from 7 to 300 days practically does not
lead to a decrease in pectin. However, storage at 25 °C leads to
a significant decrease in pectin mass ratio from initial 2.41 %
to 0.42 %, 1. e. 5.7 times.
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