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The object of the study is the
technology of marmalade based on
pumpkin, apple and dogwood paste.

The development of a vegetable
and fruit paste allows to solve the
issue of marmalade structure forma-
tion, provide high organoleptic qual-
ity indicators, without the use of dyes
and essences, enrich the chemical
composition of products and give
Jfunctional properties.

Due to the use of short-term
low-temperature concentration and a
well-founded recipe (pumpkin 50 %,
apple 35 %, dogwood 15 %). The
paste contains a significant amount
of functional ingredients, which is
confirmed by the study of its chem-
ical composition. The paste has a
dynamic viscosity of 280 Pa-s, a
high content of non-starch poly-
saccharides of 3.89+0.11g, vita-
min C of 1.89%0.05 mg, B-carotene
21.13+0.60. For optimal manage-
ment of the concentration process
(55...65 °C), an effective viscosity is
set in the range of 5...35 Pa-s.

The improved method of produc-
ing marmalade based on pumpkin,
apple and dogwood paste is char-
acterized by increased quality. The
marmalade mass at a temperature
of 80...82 °C before gelatinization
has a viscosity 24 % higher than
the control. The developed marma-
lade has a pleasant ruby color and
a lingering consistency. The con-
tent of non-starch polysaccharides,
mainly pectin substances and vita-
min C increases almost twice. The
new marmalade is characterized by
the presence of vitamins A, C, E and
B-carotene. The number of macro-
and microelements increases sig-
nificantly compared to the control
sample. According to the content of
non-starch polysaccharides, vita-
min A, B-carotene and potassium,
marmalade based on vegetable and
fruit paste can be classified as func-
tional, since the percentage of pro-
vision of these substances per day
exceeds 10 %. The method of marma-
lade production can be implemented
at confectionery enterprises.

Keywords: fruit marmalade,
vegetable and fruit paste, viscosi-
ty, strength, functional ingredients,
quality improvement
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1. Introduction

ber of studies have found that functional food products have

potential health benefits, in addition to other nutritional

It is well known that functional nutrition is one of the  benefits, namely reducing the risk of chronic diseases [1].
most promising areas of the modern food industry. A num-  Marmalade, jams, juices, smoothies, fruit drinks, are made




from fruits and berries, which are an excellent source of
nutrients and are consumed by all segments of the popula-
tion due to their sweet taste, attractive appearance. These
products are a good source of a number of functional and
biologically active substances, namely dietary fiber, polysac-
charides, minerals, vitamins, phenols and other antioxidants.
These substances can protect from chronic diseases such as
diabetes, cardiovascular and many other diseases, as well
as suppress oxidative stress and a key factor of aging [2].
Polysaccharides are among the most important active com-
ponents in fruits and vegetables due to their non-toxic side
effects and strong biological activity. Polyphenols, in partic-
ular, are widely known for their antioxidant activity, which
helps in the absorption of free radicals and reduces the risk
of various chronic diseases. They also contribute to the sta-
bility and shelf life of food products by preventing oxidation.

Modern industrial technologies for the production of
confectionery products based on plant raw materials have
been characterized by low quality in recent years. This is due
to the replacement of the traditional fruit base with additives
that form the structure, the use of dyes, flavor enhancers and
flavors. Along with this, an increasing number of people, in
parallel with changing lifestyles and increasing environmen-
tal sensitivity, are paying attention and, as a result, forming a
demand for healthy food with functional benefits.

One way to solve this issue is to search for plant raw
materials to create “healthy confectionery products” with
functional properties and high-quality indicators.

The combination of various plant raw materials for op-
timization and prediction of complex quality indicators of
confectionery products is promising. The multicomponent
nature of vegetable and fruit paste will allow to ensure a
high content of a number of functional and biologically ac-
tive substances, to create original sensory indicators of the
quality of the finished product. Therefore, studies devoted to
the features of using vegetable and fruit paste for the produc-
tion of fruit marmalade are relevant.

2. Literature review and problem statement

Over the past few decades, “superfoods”, i.e. products
with high nutritional value, namely with a significant con-
tent of one or more nutrients or bioactive compounds, have
been of interest to people, the food industry and research
groups. Therefore, having analyzed the existing range of
marmalade products, it is possible to distinguish a trend
towards the introduction of natural products in the form of
vegetable or fruit purees into the recipe composition [3-9].
This is due to the growing demand for confectionery prod-
ucts with therapeutic, prophylactic and functional purposes.

Thus, in the work [3] the influence of structure-forming
recipe ingredients on the quality of pumpkin jelly marma-
lade was investigated. The authors used pumpkin puree,
food agar and natural honey as a sweetener, which allowed
to improve the organoleptic quality indicators and increase
the nutritional value. The disadvantage of these studies is
the use of honey, which is a known allergen. Pumpkin puree
was also used during the development of fruit marmalade in
combination with clarified whey to expand the range and in-
crease the biological value of the finished product [4]. Fruit
and berry purees, namely persimmon [5], hawthorn [6],
cherry plum [7], raspberry and blueberry [8], have found
their application in marmalade technology. Thus, in work

[5] it is proposed to include persimmon in the recipe of func-
tional marmalade, which allows to reduce the sugar content
and increase the biological value of the finished product.
Persimmon puree forms an orange color in marmalade due
to the presence of a large amount of beta-carotene in it. In
work [6] the use of natural hawthorn puree for functional
nutrition is justified due to the content of activated low-es-
terified pectin in it, which increases the complexing ability
of the product with respect to zinc and lead ions. The use
of ripe cherry plum fruits contributes to the formation of
good organoleptic quality indicators in jams [7] and can be
a source of natural antioxidants and dietary fiber. The use of
raspberry and blueberry puree [8] allows to obtain jelly-fruit
marmalade with natural ingredients that have a beautiful ap-
pearance and excellent taste, and the use of low temperatures
during pasteurization of the puree helps to preserve vitamins,
macro- and microelements. However, the conducted stud-
ies [5—8] are limited to the use of single-component selected
raw materials, which, as a rule, cannot comprehensively solve
the issue of increasing nutritional value, ensuring high qual-
ity indicators and expanding the range. It is known about
the use of tomato puree in an amount of 2.5 % and table red
beet powder as a replacement for synthetic dye in an amount
of 2% during the production of jelly marmalade [9]. Of
course, food dyes have been used since ancient times to in-
crease the aesthetic value of food products and interest from
consumers. They are divided into three groups: natural food
colors, nature-identical colors (synthesized by imitating nat-
ural ones), and artificial /synthetic colors. Currently, natural
food colors have begun to attract much more attention in
parallel with changing lifestyles and increasing environmen-
tal sensitivity [10].

Confectionery and fruit-based products are two main
categories of jelly-like structure of food products with low
moisture content. They are characterized by high dry matter
content and low water activity. Therefore, it is these prod-
ucts that can be colored with natural pigments stable during
storage, contained in plant raw materials [11]. The use of
cranberries as a natural dye, preservative and source of use-
ful, biologically active and minor food components has been
proposed [12]. Cranberries were used in the form of juice
concentrate in the amount of 6-15 % by weight of white sug-
ar in the preparation of pectin-based jelly marmalade. Cran-
berry juice concentrate was added to the marmalade jelly.
This made it possible to obtain pectin-based marmalade
with biologically active substances, high organoleptic indi-
cators and increase the strength of the marmalade jelly [12].

It is known about the use of berry extracts with a high
content of anthocyanins of strawberries, raspberries, black
currants for the production of marmalades and jams [13].

The concept of superfruits, which is currently popular
and characterizes, on the one hand, fruits with a significant
content of phytochemicals, and on the other hand, takes
into account the availability and access of the population to
these products, encouraging the consumption of local prod-
ucts [14]. Therefore, the use of fruits as raw materials with
high nutritional and health-promoting values is positive
for organic and sustainable production in many countries.
In this regard, the conducted studies are relevant [15-18].
Thus, it is known about the use of quince as a seasonal
fruit, which is usually processed in the food industry for the
production of marmalade, jelly and wine, and is a source of
pectin and lignin [15]. The use of plum puree in the amount
of 40...60 % in marmalade technology to increase the content



of vitamins, minerals, dietary fiber and phenolic compounds
has been studied [16].

Along with the use of fruit base in marmalade technolo-
gy, an important issue is the formation of a jelly-like struc-
ture of products, as one of the important quality indicators.
The most common is the use of pectin [19], agar [18], gela-
tin [17], other gelling agents are used less often, including
those obtained by microbial synthesis [20, 21]. In [19] it is
shown that pectin is a natural biopolymer that can be ex-
tracted from food by-products, which adds value to the raw
material, with a structure more complex than that of other
polysaccharides. Its ability to create jelly in the presence of
sugar and acids is widely used in the manufacture of fruit
marmalades. However, a significant drawback is the inabil-
ity to form the structure of the product when changing the
recipe ratio of raw materials, which is especially important
when expanding the range of confectionery products. This
explains the use of other gelling agents, such as agar. Thus,
the influence of various gelling agents and processing tech-
nology was assessed during the concentration of pomegran-
ate juice to obtain jelly [18]. In [17], a study was presented
to determine the most suitable gelling agent (agar-agar,
pectin and gelatin) for marmalade using melon processing
products. It was found that the most appropriate is the
use of gelatin, since it has good gelling properties and low
cost. However, the specificity of the organoleptic quality
indicators of gelatin itself can worsen these properties in
the finished product, which created the prerequisites for
the use of structure-forming agents obtained by microbi-
al synthesis [20, 21]. Thus, the effectiveness of the use of
polysaccharides xampan, enposan and polymyxan [20] was
shown. However, xampan has the best properties for a num-
ber of confectionery products [21], which is explained by its
structure and ability to form a strong bond in the system.
The use of these gelling agents [17-21] emphasizes their sig-
nificant range and feasibility of use, but the issues of forming
a stable and strong jelly structure remain unresolved. In
this regard, it is important to emphasize that the products
of fruit and berry processing are not only food ingredients
with a high content of functional substances. At the same
time, they are also additives that can be used to improve the
structure of marmalade products [19]. The largest amount of
food waste that can be converted into by-products is formed
during the production and preservation of vegetables and
fruits (14.8 %), so the effective processing of by-products
has enormous potential for obtaining functional ingredi-
ents [19]. For example, a product obtained from beet pro-
duction waste is, on the one hand, a source of dietary fiber,
and on the other hand, an additive that has an impact on the
formation of the structure of products [22].

The authors [23] proposed a technology for making
jelly marmalade from waste from the production of candied
vegetables using various gelling agents (of plant (agar) and
animal (gelatin) origin). It was determined that the use of
candied beet and carrot, provided that agar is used, allows
to get marmalade with good organoleptic properties and
meets the requirements of the standard for physicochemical
indicators. At the same time, the product does not contain
synthetic dyes, flavors and other food additives. However,
the disadvantage of the research is the complexity of the
technological process, which is associated with the process-
ing of vegetables into candied fruits. The technology for
making marmalade using products of melon crops processing
on various gelling agents (agar-agar, pectin and gelatin) is

known. According to the results of the study, it was found
that the most appropriate is to use gelatin, since it has good
gelling properties and low cost [17]. However, the use of
animal-derived gelling agents is always successful due to the
specificity of the smell in the finished product. The effect of
various gelling agents and their processing methods for the
production of pomegranate juice marmalade was evaluat-
ed [18], which allows obtaining products with a high content
of anthocyanins and a bright natural color.

Therefore, the use of vegetables, fruits and berries and
various processed products is promising as sources of nutri-
ents, natural dyes and flavors, and structure-forming agents,
but at present the problem is not completely solved. This is
due to a number of factors, in particular the lack of a system-
atic approach to solving this problem.

A method for producing a functional fruit and berry paste
with a selection of components (apples; jujube; blueberries)
is proposed, which is a source of dietary fiber, vitamin C,
low-molecular polyphenolic compounds [24] and can be
used as a raw material for the manufacture of confectionery
products. This is achieved by concentrating in a rotary film
evaporator under gentle operating parameters (60...65 °C)
and pasteurizing the concentrated paste in a scraped heat
exchanger at a temperature of 95..98 °C with subsequent
packaging [25].

The specified technology for obtaining pastes has found
its application in the technology of pastilles [26] and jel-
ly-fruit marmalade on agar [27]. Thus, fruit and berry paste
based on apples, cranberries, hawthorn is added in an amount
of 75 % with the replacement of apple puree [26]. This allows
to obtain a pastille with a high degree of structure formation,
high organoleptic properties and increase nutritional value.
The disadvantage is the partial replacement of raw materials
with a low content of physiologically functional components
with paste, which causes certain technological difficulties.
In the technology of jelly-fruit marmalade on agar, apple,
quince, and blackcurrant paste is used in an amount of 30 %,
which simultaneously allows reducing the agar content
by 30 % [27]. These methods have significant advantages,
but they also have disadvantages. Namely, the insufficient
content of pectin as the main structure-forming agent, the
significant cost of fruit and berry raw materials (cranber-
ries, blackcurrants, etc.) compared to vegetables, as well as a
limited assortment.

In this regard, it is promising to create compositions of
pastes from vegetables and fruits, which will allow to obtain
a high content of pectin in it, high sensory indicators due
to not single-component, but combination. Therefore, the
following raw material is of scientific interest, which has
already found its successful application. Thus, pumpkin is an
important source of bioactive substances for the population,
and its production in countries around the world is massive.
Pumpkin is an excellent source of trace elements, such as
potassium, vitamins B, C, E, carotenoids, is characterized by
low calorie content and high fiber content. Adding pumpkin
pulp when creating a paste composition can be a viable solu-
tion to meet the growing consumer demand for healthy food
with functional benefits.

It is known that billions of tons of edible products are
thrown away annually due to aesthetic imperfections, over-
production and logistical inefficiency [19]. At the same time,
unripe apples make up a significant part of this lost biore-
source. The use of such apples in the manufacture of paste
will solve the problem of reducing waste, which indicates



the efficiency of resource use. On the other hand, it is known
that it is unripe apples that contain a significant amount
of pectin, which is a structural component of the jelly-like
structure of confectionery products.

Dogwood is used as a valuable food, medicinal, ornamen-
tal, honey plant, the fruits of which have nutritional, dietary,
dietetic and other health-improving value for adults and
children due to their unique chemical composition. Thus,
the fruits are a source of vitamin C, tannins, sugars, pectin,
organic acids, minerals, various anthocyanins, phenolic
compounds and antioxidants with high bioactive activity.
The fruits are very valuable for direct fresh consumption and
processing for the production of syrups, juices, jams, mar-
malade, paste, sorbet, fruit yogurt, compote, jelly, tarkhan,
dried fruit roll.

A review of the literature has established that the issues
of forming a stable structure of products, ensuring high
organoleptic quality indicators, without the use of artificial
dyes, enriching the chemical composition of products and
providing functional properties remain unresolved. The
listed raw materials (pumpkin, unripe apples, dogwood) are
promising for creating vegetable and fruit paste and marma-
lade based on it, which will solve the above problems.

3. The aim and objectives of the study

The aim of the study is to substantiate the introduction
of a three-component vegetable and fruit paste from pump-
kin, apples and dogwood into marmalade technology. The
introduction of the proposed paste will allow expanding
the existing range of additives from plant raw materials and
functional marmalade made on its basis.

To achieve the aim, the following objectives were set:

—to determine the structural-mechanical and qualita-
tive indicators of the proposed paste from pumpkin, apples
and dogwood;

—to establish the structural-mechanical, organoleptic,
physico-chemical indicators of the quality and chemical com-
position of marmalade based on vegetable and fruit paste.

4. Materials and methods

The object of the study is the technology of marmalade
based on pumpkin, apple and dogwood paste.

The hypothesis of the study is the use of all the natural
properties of various vegetable and fruit raw materials for
the justified creation of a three-component paste and mar-
malade based on them. The introduction of the developed
vegetable and fruit paste will allow to solve the issue of
forming the structure of products, ensuring high organolep-
tic quality indicators, without the use of dyes and essences,
enrich the chemical composition of products and give func-
tional properties. The selected pumpkin is one of the most
common vegetables and a source of low functional ingredi-
ents, unripe apples — pectin substances, dogwood — phenolic
compounds. The combination of these raw materials into a
three-component paste will allow to form original sensory
properties. In addition, the specified raw materials will allow
to reduce the costs of paste production, which as a result will
be reflected in the cost of marmalade. This will also allow to
solve the issue of reducing waste, which indicates the effi-
ciency of resource use.

Abbreviation: DM — dry matter.

Raw materials for creating a recipe for vegetable and
fruit paste: pumpkin (Novinka variety), apples (Antonivka
variety), dogwood (Lukyanovskyi variety). The structural
and mechanical characteristics of puree and paste from
pumpkin, apples, dogwood and marmalade obtained by the
developed method were established. The structure formation
indicators were determined by a rotational viscometer “Rhe-
otest-2” (Germany).

The content of pectic substances was determined by the
calcium-pectate method, carotenoids - by the colorimetric
method, the mass fraction of vitamin C — by the titrimetric
method. The study of the composition of fat-soluble vitamins
in the paste was carried out by the method of thin-layer
chromatography.

The control sample was the “Apple Molded” mar-
malade, for the manufacture of which (g) were used:
white sugar (68.96), molasses (3.1), apple puree (8.6),
lactic acid (0.21), sodium lactate (0.9), fruit and berry
essence (0.023), dyes (0.04). To prepare the experimental
sample, the apple puree was completely replaced with veg-
etable and fruit paste and essence and dyes were excluded
from the composition of the recipe. The control and exper-
imental samples of fruit marmalade were prepared using
traditional technology, which involves the preparation
of raw materials, boiling sugar with plant raw materials,
sodium lactate and molasses, processing the marmalade
mass, adding lactic acid. After that, molding, gelatiniza-
tion, drying and cooling, packaging of finished products
take place.

The determination of the organoleptic quality indicators
of the control and experimental samples was carried out
by an expert commission consisting of 8 tasters (teaching
and pedagogical workers and postgraduate students of the
State Biotechnological University (Kharkiv, Ukraine) on a
12-point scale, where 1...3 is a poor-quality sample, 4...6 is a
satisfactory sample with shortcomings, 7...9 is good with the
possibility of improvement, 10...12 is excellent.

The mass fraction of moisture in the marmalade was
determined by the refractometric method, acidity by the
titrimetric method, the content of reducing substances by
the ferricyanide method, the strength by the ultimate shear
stress on the “Labor” penetrometer. The calculation of the
chemical composition of the marmalade was carried out us-
ing data from reference literature.

The error for all studies was 3...5 %, the number of re-
peatability of experiments — n=>5, probability — p>0.95. The
package was used for data processing MS Office programs,
including MS Excel, as well as the standard MathCad soft-
ware package.

5. Improvement of the marmalade production method
based on three-component vegetable and fruit paste

3. 1. Structural-mechanical and qualitative properties
of the proposed vegetable and fruit paste

During the creation of the recipe of the three-component
vegetable and fruit paste, different percentages of pumpkin,
apples and dogwood were used. The raw materials were se-
lected for their high content of pectin substances, which will
contribute to the structure formation of the paste itself and
products based on it. The influence of the color of the initial
raw materials on the final color of the resulting vegetable



and fruit paste and the total content of important physio-
logically functional ingredients was also taken into account.

The percentage content of the experimental samples of pu-
ree from vegetable and fruit raw materials is given in Table 1.

Table 1
Recipes of three-component puree
. Percentage of composition
Raw materials

1 2 3

Apple 30 35 50
Pumpkin 50 50 40
Dogwood 20 15 10

To substantiate the recipe composition and ratio of raw
materials, a paste was prepared. For this, apples, pumpkin
and dogwood were washed, inspected, pre-heated, crushed,
blended, concentrated, pasteurized, packaged.

The primary mechanical processing of raw materials for the
production of apple, pumpkin and dogwood puree was carried
out in a unified multifunctional machine. Dogwood was loaded
into the machine and blanched in hot water at a temperature
of 90 °C for 3 minutes. The apple was crushed using a crusher
and blanched for three minutes with steam at a temperature
of 103...105 °C. The pumpkin was blanched for 5 minutes at a
temperature of 103...105 °C, previously crushing into pieces of
6..10 mm in size. Then the resulting masses of vegetables and
fruits were separately wiped through a sieve with a hole diame-
ter of 0.4—0.5 mm. The purees produced in this way were mixed
according to the recipes given in Table 1. The puree composi-
tions were briefly (30...60 s) concentrated to a concentration
(paste 28..30 % dry matter) in a rotary evaporator using a
low-temperature method (50...65 °C). Before being submitted
for concentration, the puree compositions were heated to a tem-
perature of 45...50 °C. Heating allows to reduce the viscosity of
the puree, predicting its increased fluidity, which necessitates
the study of changes in the structural and mechanical charac-
teristics of purees and pastes.

The effective viscosity of vegetable and fruit purees
from changes in shear deformation was determined on a
rotational viscometer “Rheotest-2”. The temperature of the
test samples and control (apple puree) was 20...22 °C. The
dependence of viscosity on the shear rate is shown in Fig. 1.
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Fig. 1. Dependence of the compositions of vegetable and
fruit purees on the change in shear rate 20 °C:

@ — apple puree; M —1; A —2; ¢ -3

The analysis of the obtained curves shows that when
applying a moment of shear force, the effective viscosity has
a maximum value and with increasing speed of rotation be-
gins to gradually decrease. That is, the structure gradually
collapses and at values at the level of 8...15 s begins to flow
almost at the same level as a Newtonian fluid. Comparing
the initial viscosity of the experimental samples with the
control (109 Pa-s) there is an increase in the first approx-
imately 2..3 times. The unbroken structure of the three
experimental samples of the compositions has a dynamic
viscosity of 328; 280; 230 Pas, respectively. Thus, there is a
strengthening of the structure of the obtained vegetable and
fruit purees with a difference of 230...328 Pa-s depending on
the percentage content of individual raw materials. To es-
tablish the optimal sample of puree, it is possible to conduct
their organoleptic evaluation.

The first experimental sample obtained has a pronounced
smell and taste of dogwood and a pleasant pumpkin orange
color with a purple tint (Table 2). The second sample has a
harmonious taste of dogwood and pumpkin with apple and
an orange-ruby color. Unlike the two samples listed, the
third has a barely noticeable smell and taste of dogwood, a
pleasant apple with pumpkin. Taking into account the or-
ganoleptic assessment and indicators of structure formation,
it is possible to select sample 2 for further research.

Table 2
Properties of organoleptic assessment
of experimental samples
Properties
Indicator P
1 2 | 3
Appearance Homogeneous, puree-like mixture
Orange with a
Color purple hue Orange-ruby Orange
Pronounced
smell and taste Pleasant Faint smell
of dogwood, | harmonious taste | and taste of
Taste and
pleasant of dogwood and | dogwood, a
smell . R
pumpkin, apple | pumpkin with | pleasant apple
almost not apple and pumpkin
noticeable
Consistency Puree-like, easy to shape

The behavior of a vegetable and fruit sample (ap-
ple — 35 %; pumpkin — 50 %; dogwood — 15 %) was
studied under operating modes of concentration in a
rotary evaporator. The change in the viscosity of puree
(14...15 % DM) and paste (29..30 % DM) was established
in the temperature range from 20 to 70 °C. The speed of
rotation of the evaporator rotor shaft was equal to the
speed of rotation of the cylinder of the rotational viscom-
eter at the level of 2.7 s71.

A tendency to decrease in viscosity with increas-
ing temperature of the experimental samples was estab-
lished (Fig. 2). The dynamic viscosity index of the selected
sample 2 when boiled to 30 % DM (170 Pass) increases
by 3.5 times at a temperature of 20 °C. The main mode of
stationary operation of the rotary apparatus has the follow-
ing parameters: processing temperature 55..65 °C; shaft
speed 2.7 s, while the effective viscosity is in the range of
5...35 Pass. With such a low-temperature short-term concen-
tration mode, the manufactured paste will be distinguished
by increased quality indicators. To confirm this statement,



an analysis of the chemical composition of the vegetable and
fruit paste was carried out (Table 3).

175 Hcr, Pa's
150 '\f\
100 \\
50 .\\
.\‘ t, °C
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Fig. 2. Dynamic viscosity from temperature change (shear
rate 2.7 s': M — puree (11 % DM); @ — paste (30 % DM)

Table 3

Chemical composition of vegetable and fruit paste
(pumpkin 50 %, apples 35 %, dogwood 15 %)

Indicator Unit of 7 Daily 7 Ve.gngble gnd
measurement | requirement fruit paste
Dry matter % — 30.00+0.9
poll\iIZZCSctlla;fi}ées 8 20 3.89£0.11
Vitamin A, PE ug 900 316.88+9.3
B-carotene mg 5 1.89+0.05
Vitamin C mg 90 21.13£0.60
Vitamin E mg 15 0.75+0.02

Potassium, K mg 2,500 1405.75+42.15
Calcium, Ca mg 1,000 67.00+2.01
Magnesium, Mg mg 400 35.15+1.05
Sodium, Na mg 1,300 39.75+1.20
Phosphorus, P mg 800 53.63+1.59
Ferrum, Fe mg 18 0.40+0.01

The data obtained in Table 3 show a significant content
of physiologically functional ingredients in the paste based
on pumpkin, apples and dogwood. The paste contains a large
amount of non-starch polysaccharides, mainly pectin sub-
stances, which significantly contributes to the formation of
structure. The paste also has a high content of vitamin C, is
characterized by the presence of vitamins A, E and B-caro-
tene. The obtained vegetable and fruit paste according to the
given content (Table 3) is a functional semi-finished product
and can be used as an enrichment base for the production of
various food products, for example, marmalade.

5. 2. Determination of quality indicators and chem-
ical composition of marmalade based on vegetable and
fruit paste

The control sample was the marmalade “Apple
molded”. Based on the trial preparations and assump-
tions made, control and experimental (with complete
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strengthening of the structure of the developed marmalade
by 24 %. The increase in viscosity is explained by the higher
content of pectin substances in the vegetable and fruit paste,
which is positive for the formation of the structure of the
marmalade mass.

Organoleptic quality indicators of marmalade samples
were determined (Table 4).

Table 4
Organoleptic quality indicators of fruit marmalade samples
Marmalade «Apple Marmalade based on
Indicator Molded» (control vegetable and fruit
sample) paste (test sample)
Taste and smell 9.3+0.05 10.8+0.05
Color 9.5£0.05 10.2+0.05
Consistency 11.0£0.05 10.8+0.05
Shape 10.4+0.05 10.4+0.05
Surface 10.5£0.05 10.5+0.05

The control and experimental samples were rated as good
and excellent. Thus, the control sample was rated as good
with the possibility of improvement in terms of taste, smell
and color. According to the same indicators, it was found
that the experimental sample received a better rating and is
characterized by a more attractive color, taste and smell. The
use of vegetable and fruit paste allows to give an attractive
ruby color due to the coloring substances of dogwood. The
consistency of the experimental sample is slightly lower com-
pared to the control, since it was characterized as “somewhat
tight”. According to the indicators of shape and surface, all
samples were rated as excellent, since it was correct, with a
clear contour, and the surface was elastic and evenly sprinkled
with sugar.

The physicochemical and structural-mechanical quality
indicators of fruit marmalade were determined (Table 5).

Table 5

Physicochemical and structural-mechanical quality indicators
of fruit marmalade

Marmalade based on
vegetable and fruit
paste (test sample)

Marmalade
«Apple Molded»
(control sample)

Indicator

Mass fraction of dry

substances, % 79.0£1.5 79.3+1.5
Titrated acidity, deg 11.0+0.3 11.8+0.3
Mass fraction of
reducing substances, % 22.040.5 22.540.5
Strength, kPa 5.5%0.1 6.34%0.1

replacement of apple puree with vegetable and fruit
paste without dyes and essence) marmalade samples
were prepared. Vegetable and fruit paste was boiled

90

with sugar, sodium lactate and molasses. 60
The structural and mechanical characteristics of 3

the marmalade mass were determined at a tempera-

ture exceeding its gelatinization of 80..82°C. The 0

viscosity of the experimental sample at the beginning
of the applied shear force was 164 Pa-s, the control
was 132 Pa-s (Fig. 3). The obtained data indicate a
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Fig. 3. Dependence of marmalade mass on the change in shear
rate (80 °C): M — control sample; x — experimental marmalade mass



The mass fraction of dry matter of marmalade samples,
both control and experimental, is within 79.0..79.3%1.5,
and corresponds to the quality indicators for these prod-
ucts according to the requirements of regulatory documen-
tation. Minor changes in values are explained by the error
limits. This indicator for marmalade is constantly moni-
tored during boiling and depends on its duration, which is
carried out to a certain DM content.

According to the requirements of DSTU 4333:2018, the
acidity of fruit-shaped marmalade should be 6.0...17.9 de-
grees. The acidity of the control sample is 11 degrees, and
in the experimental one it increases by 7.3 % due to the
presence of a slightly larger amount of acids compared to
apple paste.

In terms of the content of reducing substances, both
the control and experimental marmalade samples meet the
requirements of regulatory documentation and are in the
range of 22.0...22.5%0.5.

The strength index for marmalade among all structural
and mechanical characteristics is one of the most import-
ant, as it indicates the process of structure formation. The
strength index of the experimental marmalade is 6.34 kPa
and is 15.3 % higher than the control sample, which indi-
cates the formation of a stronger product structure.

The vegetable and fruit raw materials selected for the
creation of the paste (pumpkin, unripe apples, dogwood) are
characterized by a rich chemical composition. Therefore, to
determine the functional properties of fruit marmalade, the
chemical composition of the control and experimental sam-
ples was calculated, as well as the percentage of satisfaction
of the daily need for them (Table 6).

6. Discussion of the results of improving the method
of producing marmalade based on pumpkin, apple and
dogwood paste

The low quality and depleted chemical composition of
confectionery products in the modern desire of consum-
ers to receive not only pleasure but also benefit from food
products, cause a stable and growing demand for “healthy
sweets”. Marmalade, which is traditionally made on the
basis of fruits, berries and berries, is an excellent object for
enrichment with nutrients and giving it functional proper-
ties. Various single-component purees have become wide-
spread as raw materials in marmalade technology, which
is confirmed by studies [3—9]. Along with this, the use of
multi-component plant compositions when creating other
confectionery products is characterized by a number of ad-
vantages [26—29]. It is promising to create compositions of
pastes from vegetables and fruits, which will allow to obtain
a high content of pectin in it, high sensory indicators due not
to single-componentity, but to a combination.

The developed paste is characterized by the selection
of raw materials with a high content of functional ingre-
dients and, first of all, pectin. The production of the paste
is distinguished by the use of short-term low-temperature
(60...65 °C) concentration in a rotary evaporator.

The recipe ratio of raw materials in the composition
is justified by the study of the structural-mechanical and
qualitative characteristics of purees and pastes. The optimal
ratio of raw materials in the paste has been established:
apple — 35 %; pumpkin — 50 %; dogwood — 15 %. This pro-
portion provides good organoleptic quality indicators and

contributes to the strengthening of

Table 6 the structure, which is consistent

Chemical composition of the control and experimental samples of marmalade with the obtained research results.
. . Marmalade Daily Marmalade Daily The cheml_cal. composition given

. Unit of Daily . ! in Table 3 indicates the presence

Indicator measurement |requirement (control |requirement| (control |requirement . - . .

q sample) |coverage,%| sample) |coverage, % of functional ingredients in the de-

Non-starch veloped vegetable and fruit paste,

polysaccharides g 20 1.1+0.03 5.5 2.11£0.06 10.55 which allows it to be used as the

Vitamin A, PE ug 900 - - 151814453 | 16.87 maLn rlaw material in marmalade
technology.

- t - - 1.0£0. 20. .
B.Cam.ene 6 > " 0:0.03 0 It was found that the viscos-
Vitamin C mg 90 1.57+0.04 1.7 3.81+0.11 4.22 ity of the experimental sample of
Vitamin E mg 15 [0.197+0.005| 1.3 0.406+0.01 2.7 marmalade mass based on pump-

Potassium, K mg 2,500 [122.05+3.66 4.9 762.19+22.80|  30.48 kin, apple, and dogwood paste has
Calcium, Ca mg 1,000 | 11.83+0.35 1.2 36.33+1.08 3.6 a value of 164 Pa-s, compared to
Magnesium, Mg|  mg 400 | 6.89+0.21 17 19.05:0.57 | 49 the control mass of 132 Pa-s, which
. o1 .

Sodium, Na meg 1300 | 098+002 | 01 | 2155=064 | 166 | 1524 7% higher (Fig.3). _
The use of vegetable and fruit

Phosphorus, P mg 800 16.7£0.50 21 29.08+0.87 3.625 .
paste from pumpkin, apples, dog-
Ferrum, Fe mg 18 128003 | 74 | 0.22+0.006 | 0.1 wood in a reasonable ratio allows

The data presented confirm the increase in the content of
physiologically functional ingredients in marmalade made on
the basis of vegetable and fruit paste. Thus, the content of non-
starch polysaccharides, mainly pectin substances and vitamin
C increases almost twice. The new marmalade is character-
ized by the presence of vitamins A, C, E and B-carotene. In
addition, the number of macro- and microelements increases
significantly compared to the control sample. According to
the content of non-starch polysaccharides, vitamin A, B-caro-
tene and potassium, marmalade based on vegetable and fruit
paste can be attributed to functional, since the percentage of
provision of these substances per day exceeds 10 %.

to give products high organoleptic
quality indicators (Table 4). It is the use of 15 % dogwood
that ensures the formation of an attractive ruby color, which
is explained by the content of coloring substances in it. The
use of vegetable and fruit paste provides excellent taste and
smell indicators without the use of essence and dye due to
exclusively plant raw materials. It was established that the
consistency of the experimental marmalade sample is some-
what stretched, this is due to the increase in the content of
pectin substances, which is confirmed by studies (Table 6)
and data from other researchers [12]. All product samples had
the correct shape, with a clear contour and an elastic surface
sprinkled with sugar.



By mass fraction of dry and reducing substances, the
samples of the control and experimental marmalade are
within the requirements of regulatory documentation (Ta-
ble 5). Minor changes in values are explained by the margin
of error. The increase in acidity of the experimental sample
by 7.3 % compared to the control sample is explained by the
presence of a slightly larger amount of acid due to the addi-
tion of dogwood compared to apple paste. The formation of a
stronger structure, established (Fig. 3), is confirmed by the
determination of the strength index of the finished marma-
lade (Table 5). This index is 6.34 kPa and is 15.3 % higher
compared to the control sample due to the higher content
of pectin substances (Table 6) and is confirmed by other
studies [12, 27]. This is positive from the point of view of
the formation of a stable and strong structure of marmalade
products. The data presented (Table 6) confirm the increase
in the content of physiologically functional ingredients in
marmalade made on the basis of vegetable and fruit paste.
An increase in the content of non-starch polysaccharides
and vitamin C by almost two times was established. This
is explained, on the one hand, by the content of the listed
substances in the starting materials, namely in pumpkin and
dogwood. And on the other hand, by the resource-efficient
method of obtaining the paste under gentle temperature con-
ditions, which has been confirmed by other studies [24, 25].
Marmalade based on vegetable and fruit paste contains vi-
tamin A in the amount of 151.81 ug and B-carotene — 1.0 mg
compared to the absence in the control sample due to the
content in pumpkin. The increase in the content of vita-
mins C, E and macro- and microelements (Table 6) occurs
due to the use of dogwood and pumpkin. The use of vegeta-
ble and fruit paste allows for the consumption of non-starch
polysaccharides, vitamin A, B-carotene and potassium in
the amount of 10.55 %, 16.87 %, 20 %, 30.48 % of the daily
requirement. This makes it possible to attribute this product
to functional foods.

The raw materials used for the paste are pumpkin, un-
ripe apples, and dogwood, which are promising for creating
vegetable and fruit paste and marmalade based on it. This
allows to solve the issue of forming the structure of prod-
ucts by using raw materials with a higher content of pectin
substances. The use of vegetable and fruit paste allows to
ensure the formation of high organoleptic quality indicators
without the use of artificial dyes, essences, and flavorings.
At the same time, the chemical composition of the products
is enriched, which gives the marmalade functional properties
and allows to characterize them as “natural and healthy.” In
addition, the use of pumpkin and unripe apples as the main
raw materials for the paste allows to reduce the cost of its
paste, which, as a result, will be reflected in the cost of the
marmalade. In addition, the developed technology solves
the issue of reducing waste, which indicates the efficiency of
resource use and is important for the practical significance
of the results. However, the limitation of the results obtained
is that the experimental studies presented are applied exclu-
sively to the fruit marmalade “Apple Marmalade” with the
specified paste in the established proportions. Changing
the recipe of fruit marmalade or using other raw materials
for paste with a higher acid content can affect the structure
formation by changing the sugar-pectin-acid ratio.

As a drawback of the conducted studies, the lack of re-
search on the determination of phenolic compounds and the
determination of color characteristics of both the paste and
the developed marmalade is noted.

Future studies will be aimed at solving the indicated
shortcomings regarding the chemical composition. In addi-
tion, it is promising to generalize data on the systematization
of the effect of combining various plant raw materials and
predicting its quality.

7. Conclusions

1. The determination of structural-mechanical and qual-
itative indicators substantiated the recipe composition of the
developed vegetable and fruit paste from pumpkin — 50 %,
apples — 35 % and dogwood — 15 %. Due to the use of short-
term low-temperature concentration, the paste contains a
significant amount of functional ingredients, which was con-
firmed by the study of its chemical composition. The paste has
a dynamic viscosity of 280 Pa-s, a high content of non-starch
polysaccharides — 3.89%0.11 g, vitamin C — 1.89%0.05 mg,
B-carotene — 21.13£0.60. For optimal management of the
concentration process (55...65 °C), an effective viscosity was
established, which is in the range of 5...35 Pa-s.

2. The quality and chemical composition indicators of
marmalade based on vegetable and fruit paste were estab-
lished. Marmalade mass at a temperature of 80...82 °C before
gelatinization has a 24 % higher viscosity index compared to
the control. The developed marmalade has a pleasant ruby
color and a lingering consistency. The content of non-starch
polysaccharides and vitamin C increases almost twice.
The new marmalade is characterized by the presence of
vitamins A, C, E and B-carotene. The number of macro- and
microelements increases significantly compared to the con-
trol sample. According to the content of non-starch polysac-
charides, vitamin A, B-carotene and potassium, marmalade
based on vegetable and fruit paste can be attributed to func-
tional, since the percentage of provision of these substances
per day exceeds 10 %.

Conflict of interest

The authors declare the absence of a conflict of interest
regarding this study, including financial, personal, author-
ship or other nature that could link the study and its results
presented in this article.

Funding

The work was carried out under the conditions of the
state budget topic No. 3-24-25 of the State Budgetary Or-
ganization “Development of hardware and technological
solutions for the production of multi-purpose functional food
products for people in extreme conditions”.

Data availability

The manuscript has no related data.

Use of artificial intelligence

The authors confirm that they did not use artificial in-
telligence technologies when creating the presented work.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

References

Luvian-Morales, J., Varela-Castillo, E O., Flores-Cisneros, L., Cetina-Pérez, L., Castro-Eguiluz, D. (2021). Functional foods
modulating inflammation and metabolism in chronic diseases: a systematic review. Critical Reviews in Food Science and Nutrition,
62 (16), 4371-4392. https://doi.org/10.1080,/10408398.2021.1875189

Banwo, K., Olojede, A. O., Adesulu-Dahunsi, A. T.,, Verma, D. K., Thakur, M., Tripathy, S. et al. (2021). Functional importance of
bioactive compounds of foods with Potential Health Benefits: A review on recent trends. Food Bioscience, 43, 101320. https://doi.org/
10.1016/j.tbi0.2021.101320

Abdrashitova, M. R., Abushaeva, A. R., Sadigova, M. K. (2024). Influence of structure-forming recipe ingredients on the quality of
pumpkin marmalade. Innovations and Food Safety, 1, 29-45. https://doi.org/10.31677/2311-0651-2024-43-1-29-45

Slashcheva, A., Gnitsevych, V., Bodnaruk, O., Moroz, V. (2022). Development of functional marmelad technology based on pumpkin
mash and lightened current whey. Obladnanniaia ta tekhnolohiyi kharchovykh vyrobnytsty, 44 (1), 5-13.

Fil, M., Mikhailyuk, O. (2017). Innovative approach technologies fruit marmalade. Scientific Messenger of LNU of Veterinary
Medicine and Biotechnologies. Series: Food Technologies, 19 (75), 55-58. https://doi.org/10.15421 /nvlvet7511

Farzaliev, E. B., Okten, S. (2023). Production and characterization of fruit jam with activated pectin using wild hawthorn puree
(Crataegus monogyna Jacq.). Natural Product Research. https://doi.org/10.1080,/14786419.2023.2283760

Akinlolu-Ojo, T,, Nwanna, E. E., Badejo, A. A. (2022). Physicochemical constituents and anti-oxidative properties of ripening hog
plum (Spondias Mombin) fruits and the quality attributes of jam produced from the fruits. Measurement: Food, 7, 100037. https://
doi.org/10.1016 /j.meaf00.2022.100037

Panasiuk, S., Myskovets, M. (2023). Innovative technology of diabetic jelly-fruit marmalade production. Commodity Bulletin,
16 (1), 73-84. https://doi.org/10.36910/6775-2310-5283-2023-17-6

Melnyk, O. Y., Yarmosh, T. A. (2023). Development of jelly marmalade using vegetable raw materials. Bulletin of Sumy National
Agrarian University. The Series: Mechanization and Automation of Production Processes, 2 (52), 44—49. https://doi.org/10.32782/
msnau.2023.2.7

Giirses, A., Agikyildiz, M., Giines, K., Sahin, E. (2024). Natural dyes and pigments in food and beverages. Renewable Dyes and
Pigments, 49-76. https://doi.org/10.1016/b978-0-443-15213-9.00013-2

Hubbermann, E. M. (2024). Coloring of low-moisture and gelatinized food products. Handbook on Natural Pigments in Food and
Beverages, 265—281. https://doi.org/10.1016/b978-0-323-99608-2.00005-7

Alekseenko, E. V., Chernykh, V. Y., Bakumenko, O. E. (2021). Shaped jelly marmalade with cranberry concentrate. IOP Conference
Series: Earth and Environmental Science, 640 (5), 052007. https://doi.org/10.1088,/1755-1315/640,/5,/052007
Krzyszczak-Turczyn, A., Grochowicz, M., Jonik, I., Sadok, I. (2025). Removal of polyphenols from anthocyanin-rich extracts using
4-vinylpyridine crosslinked copolymers. Food Chemistry, 463, 141312. https://doi.org/10.1016/j.foodchem.2024.141312

de Mello e Silva, G. N., Batista Rodrigues, E. S., Lopes de Macédo, 1. Y., Vicente Gil, H. P, Campos, H. M., Ghedini, P. C. et al.
(2022). Blackberry jam fruit (Randia formosa (Jacq.) K. Schum): An Amazon superfruit with in vitro neuroprotective properties.
Food Bioscience, 50, 102084. https://doi.org/10.1016/j.tbi0.2022.102084

Codina, M. C., Gonzalez, E. J., Molina, A., Carmona, M., Berruga, M. 1. (2024). Bio-based films from quince by-products: A sustainable
alternative for biodegradable food packaging. Food Hydrocolloids, 157, 110395. https://doi.org/10.1016/j.foodhyd.2024.110395
Mohammadi-Moghaddam, T., Firoozzare, A. (2021). Investigating the effect of sensory properties of black plum peel marmalade
on consumers acceptance by Discriminant Analysis. Food Chemistry: X, 11, 100126. https://doi.org/10.1016/j.fochx.2021.100126
Chomanov, U., Idayatova, M. (2023). Obtaining marmalade using melon crops. The Journal of Almaty Technological University,
2, 140~ 146. https://doi.org/10.48184,/2304-568x-2023-2-140-146

Velotto, S., Palmeri, R., Alfeo, V., Gugino, I. M., Fallico, B., Spagna, G., Todaro, A. (2023). The effect of different technologies in
Pomegranate jam preparation on the phenolic compounds, vitamin C and antioxidant activity. Food Bioscience, 53, 102525. https://
doi.org/10.1016/j.fbi0.2023.102525

Barrera-Chamorro, L., Fernandez-Prior, A., Rivero-Pino, F, Montserrat-de la Paz, S. (2025). A comprehensive review on the
functionality and biological relevance of pectin and the use in the food industry. Carbohydrate Polymers, 348, 122794. https://doi.org/
10.1016//j.carbpol.2024.122794

Samokhvalova, O., Chernikova, Y., Oliinyk, S., Kasabova, K. (2015). The effect of microbial polysaccharides on the properties
of wheat flour. Eastern-European Journal of Enterprise Technologies, 6 (10 (77)), 11-15. https://doi.org/10.15587/
1729-4061.2015.56177

Mykhaylov, V., Samokhvalova, O., Kucheruk, Z., Kasabova, K., Simakova, O., Goriainova, L. et al. (2019). Influence of microbial
polysaccharides on the formation of structure of protein-free and gluten-free flour-based products. Eastern-European Journal of
Enterprise Technologies, 6 (11 (102)), 23-32. https://doi.org/10.15587 /1729-4061.2019.184464

Samokhvalova, O., Kasabova, K., Oliinyk, S. (2014). The influence of the enriching additives on the dough structure formation
and baked muffins. Eastern-European Journal of Enterprise Technologies, 1 (10 (67)), 32-36. https://doi.org/10.15587/
1729-4061.2014.20024

Samilyk, M. M., Bolhova, N. V., Pertsevoy, E V., Bykov, O. P. (2021). Expansion of the variety of natural jelly marmalade made of
secondary raw material. Herald of LUTE. Technical sciences, 25, 98—105. https://doi.org/10.36477/2522-1221-2021-25-13



24.

25.

26.

27.

28.

29.

Zagorulko, A., Zahorulko, A., Kasabova, K., Chuiko, L., Yakovets, L., Pugach, A. et al. (2022). Improving the production technology
of functional paste-like fruit-and-berry semi-finished products. Eastern-European Journal of Enterprise Technologies, 4 (11 (118)),
43-52. https://doi.org/10.15587 /1729-4061.2022.262924

Kasabova, K., Sabadash, S., Mohutova, V., Volokh, V., Poliakov, A., Lazarieva, T. et al. (2020). Improvement of a scraper heat
exchanger for pre-heating plant-based raw materials before concentration. Eastern-European Journal of Enterprise Technologies,
3 (11 (105)), 6-12. https://doi.org/10.15587 /1729-4061.2020.202501

Kasabova, K., Zagorulko, A., Zahorulko, A., Shmatchenko, N., Simakova, O., Goriainova, 1. et al. (2021). Improving pastille
manufacturing technology using the developed multicomponent fruit and berry paste. Eastern-European Journal of Enterprise
Technologies, 3 (11 (111)), 49-56. https://doi.org/10.15587 /1729-4061.2021.231730

Samokhvalova, O., Kasabova, K., Shmatchenko, N., Zagorulko, A., Zahorulko, A. (2021). Improving the marmalade technology by
adding a multicomponent fruit-and-berry paste. Eastern-European Journal of Enterprise Technologies, 6 (11 (114)), 6—-14. https://
doi.org/10.15587/1729-4061.2021.245986

Zagorulko, A., Shydakova-Kameniuka, O., Kasabova, K., Zahorulko, A., Budnyk, N., Kholobtseva, 1. et al. (2023). Substantiating
the technology of cream-whipped candy masses with the addition of berry and fruit paste. Eastern-European Journal of Enterprise
Technologies, 3 (11 (123)), 50-59. https://doi.org/10.15587 /1729-4061.2023.279287

Kasabova, K., Samokhvalova, O., Zagorulko, A., Zahorulko, A., Babaiev, S., Bereza, O. et al. (2022). Improvement of Turkish delight
production technology using a developed multi-component fruit and vegetable paste. Eastern-European Journal of Enterprise
Technologies, 6 (11 (120)), 51-59. https://doi.org/10.15587 /1729-4061.2022.269393



