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The object of this study is the tech-
nology of making fruit pat based on
apple, apricot, and rosehip paste.

To increase the organoleptic and
physical-chemical quality indicators,
the technology of functional fruit pat for
Jfunctional purposes has been improved
by using fruit and berry paste as a fruit
base. Accordingly, a technique for the
production of fruit and berry paste
(apple 50 %, apricot 35 %, rosehip 15 %)
was devised. The peculiarity of the tech-
nique is a short-term, 30—40 s, concen-
tration at 52-54 °C in a rotary evapo-
rator, which will positively contribute to
the preservation of the functional ingre-
dients of raw materials, unlike conven-
tional batch vaporizers. The paste has an
improved viscous structure and organo-
leptic properties compared to the control,
which makes it possible to recommend it
as a fruit base for pat.

The viscosity of the pat mass based
on the paste at 50 °C is 225 Pa-s, which
is 20 % higher than the control ("Fruit”
pat), which will contribute to better
structure formation. At the same time,
the sample with the paste has better indi-
cators of taste and smell, which can be
characterized as natural and harmoni-
ous. The new pat has a natural orange
saturated color and is characterized by a
long-lasting consistency, and the content
of functional ingredients significantly
exceeds the control sample. The quanti-
tative content of dietary fiber, vitamin A,
C, B-carotene is important, according to
which the devised pat based on the paste
can be classified as a functional prod-
uct. The new products are characterized
by an organic composition of raw mate-
rials, do not contain artificial dyes and
flavors, and the proposed technological
solutions simplify the process of their
production, which makes it possible to
recommend the technology for implemen-
tation at craft enterprises

Keywords: fruit pat, fruit and berry
raw materials, viscosity, functional
ingredients, quality indicators

O O

Received date 26.01.2024
Accepted date 04.04.2024
Published date 30.04.2024

1. Introduction

The demand for healthy food products is growing every
year, among which confectionery products are a special
group that is very popular. Sweets are characterized by
unsurpassed taste qualities, attractive appearance, and also
give the body a good mood and contribute to a surge of en-
ergy due to carbohydrates and extremely high energy value.
Given the increasing popularity of a healthy lifestyle and, as
a result, “healthy and natural food products”, a number of
doctors, dieticians, and nutritionists advise to pay attention
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to such products as marmalade, pastilles, and marshmallows.
Usually, the term “healthy and natural food products” is per-
ceived by consumers to mean products of organic origin that
do not contain harmful additives [1].

These sweets are low in calories compared to baked
goods, cakes, pastries, and cookies, and also have a number
of beneficial properties. Therefore, it is a good alternative
for those consumers who follow a healthy diet, as well as
children and athletes. The main advantage of pastille-mar-
malade products among other sweets is the absence of fats
in their composition. For their production, fruit purees, egg




white, sugar, and natural thickeners (for example, pectin,
agar-agar, or gelatin) are used, which determine the bene-
fits of these products [2, 3]. For example, pectins bind and
remove heavy metals, radionuclides, and pesticides from
the body. They contribute to the reduction of cholesterol in
the body and are used in diseases associated with metabolic
disorders, diseases of the gastrointestinal tract, liver, and
pancreas [4].

Along with this, marshmallows, marmalade, and pas-
tilles, which are represented in trade networks and manufac-
tured by large-scale enterprises, currently have an impover-
ished chemical composition, taste, and aroma due to the use
of low-quality raw materials. This prompts manufacturers to
use a number of artificial dyes and flavors in their products;
as a result, such products could be harmful to the human
body [5]. At the same time, products made by confectioners
using manual labor gained popularity, which contributed to
the growth of a number of craft enterprises. The sweets that
are produced are positioned as natural, of organic origin,
without the use of artificial dyes and flavors, with functional
properties.

The production of such healthy sweets is based on the
use of fruits, berries, vegetables, which are promising food
ingredients for the development of functional food products
with high organoleptic indicators of quality and health
benefits [5]. However, these raw materials have a short shelf
life, and there is an urgent question of processing them into
a product for long-term preservation [6]. The purpose of
processing plant raw materials is to avoid spoilage of food
products during storage, which is caused by the development
of bacteria, yeasts, and fungi, which would make seasonal
products available for a long time. As well as preserve the or-
ganoleptic and nutritional properties of food products, which
is also beneficial for human health. Therefore, gentle pro-
cessing of vegetable raw materials into paste is considered a
promising technological food product and raw material for
confectionery products.

At the same time, one of the important aspects of launch-
ing and maintaining craft enterprises is the improvement
and use of compact resource-saving equipment, which will
contribute to the production of pastille and marmalade
products with a functional purpose and high quality. There-
fore, studies aimed at the improvement of the technology of
pastille and marmalade products based on fruit and berry
paste are relevant.

2. Literature review and problem statement

It is known that locally grown fruit and berry raw mate-
rials are an excellent source of biologically active compounds
with beneficial properties. Thus, it has numerous health
benefits and can be used to prepare functional products [7].
In addition, various components of fruit and berry raw ma-
terials can be widely implemented in the food industry as
additives in the preparation of, for example, candied fruit for
the confectionery industry or as a source of pectin, dye, or
flavoring [8].

Thus, modern production cannot be imagined without
the use of food additives, that is, substances that give food
products aroma, color, taste, and nutritional properties.
Along with this, more and more attention is paid to the
inclusion of natural supplements obtained from plant raw
materials containing bioactive components, which can be a

natural substitute for synthetic food additives. Another of
their functions is the use of pectin substances as a thickener,
stabilizer, emulsifier, gelling agent in the preparation of con-
fectionery products [9].

Therefore, since fruits and vegetables are an important
part of a healthy diet, the question arises of their high-qual-
ity processing into various food products, such as purees,
pastes, jams, jellies, candies, concentrates, etc. [10]. Namely,
a technique that would enable preservation of high sensory
properties of the raw materials and the content of functional
ingredients. Thus, resource-efficient equipment for gentle
preliminary heat treatment of plant raw materials before
concentration has been proposed [11]. Namely, heating in a
tempering device to 50 °C to reduce the dynamic viscosity
of raw materials before concentration. Its main disadvantage
is the lack of multifunctionality, namely the combination
of blending, concentration, and pasteurization operations,
which is especially relevant under the conditions of craft
enterprises.

The search for new technologies to increase the sustain-
able production of confectionery products with claims of use-
fulness, functionality, enriched formulation, and sustainabil-
ity is desirable. So, jelly candies and marmalades with fruit
ingredients, which are positioned as healthy and natural,
received a new powerful push. Marmalade candies stand out
for their sensory quality, a change in composition with a low-
er sugar content and without the addition of synthetic dyes
and flavors [12]. Thus, the use of the cold gelation technique
using alginate and pectin mixtures for the production of jelly
candies has been proposed due to lower energy consumption
and CO, emissions. The authors proved that the content of
biologically active substances (ascorbic acid and total phenol
content) in the strawberry juice concentrate, which was used
as raw material, was better preserved in cold jelly than in
pectin jelly. However, the application of this technology re-
quires significant re-equipment of production facilities, and
difficulties in the equipment for craft enterprises.

Local raw materials, which contain a number of func-
tional ingredients, became widespread during the creation
of functional marmalade all over the world. Thus, the use of
jusara and passion fruit pulp in jelly confectionery products
as a substitute for artificial dyes and sources of bioactive
compounds has been suggested [13]. It is known about the
use of plum (prune) in marmalade technology, which showed
an improvement in color, consistency, taste, and strength,
chemical composition, which received recognition among
consumers [14, 15]. Tamarillo is another local raw material
that has been used in pectin-based marmalade technolo-
gy [16]. However, these advancements have significant lim-
itations, which are associated with the cultivation of local
raw materials in small volumes. This does not make it possi-
ble to globally solve the issue of enrichment of confectionery
products due to the use of functional ingredients of plant raw
materials without the use of artificial dyes and flavors.

Work [17] suggested the inclusion of persimmons in
the recipe of functional marmalade. This makes it possible
to reduce sugar content and increase the biological value
of finished products. Persimmon puree forms an orange
color in marmalade due to the presence of a large amount
of beta-carotene in it, which prevents premature aging and
also improves eyesight. Paper [18] provides the production
technology and recipe of marmalade using processed prod-
ucts of melon crops, in particular watermelon and canta-
loupe, on various gelling agents, such as agar-agar, pectin,



and gelatin. The possibility of using all gelling agents was
determined on the basis of physical-chemical, organoleptic
indicators of finished products, but the most appropriate is
the use of gelatin, due to its good properties and low cost.
Worth noting is the use of a number of polysaccharides of
microbial origin in the technology of marmalade products
as jelly-forming raw materials [19]. However, it is possible to
consider the one-component composition of the purees used
as a disadvantage, which does not make it possible to ensure
the optimal content of a number of functional ingredients
and sensory properties.

In this regard, it is possible to consider multi-compo-
nent fruit and berry and fruit-vegetable pastes, which are
obtained through the use of gentle regimes, as a promising
raw material for a number of confectionery products, which
allows preserving the full potential of the raw material [20].
Thus, it is proposed to use a multi-component fruit and veg-
etable paste made of apples, quince, and pumpkin in Turkish
delight technology. Its use makes it possible to provide prod-
ucts with good organoleptic indicators, reduce the amount of
starch in the recipe by 20 %, and expand the range of “healthy
and natural products” with increased nutritional value [21].
The need to optimize the nutritional value of marmalade by
using a multi-component fruit and berry paste from apples,
quince, and black currant in its composition was substanti-
ated. A rational amount of adding fruit and berry paste has
been established — 30 % with a reduction of agar by 30 %,
which allows for high quality indicators of products and en-
riches them with a number of functional ingredients [3]. The
use of the same paste in the technology of whipped candies
is proposed, which solves the problem of improving struc-
tural characteristics and physiological value (enrichment
with dietary fibers, vitamin C, polyphenols, organic acids).
It is recommended to add paste in the amount of 15 % of the
total amount of recipe raw materials and reduce the dosage
of agar by 40 % for its introduction [22]. The disadvantage of
the cited research is the use of pastes in a small amount from
the total content of raw materials, which cannot provide sig-
nificant enrichment of products with functional ingredients.
The development of confectionery technologies based on
fruit and berry raw materials is promising.

Along with the use of vegetable purees and pastes, the
use of juice concentrates in marmalade technology is pro-
posed. Namely, pectin-based cranberry juice concentrate
in jelly marmalade in the amount of 6...15 % to the mass of
white sugar. This makes it possible to obtain a product with
high organoleptic indicators, to improve the structural and
mechanical properties of marmalade products based on pec-
tin, to enrich with biologically active substances and minor
cranberry components [23]. It is known about the use of pur-
ple grape, watermelon, and beet juice, which allows one to
enrich the marmalade with natural substances, in particular
a number of micro- and macronutrients, which the authors
proposed as a convenient food for athletes before a perfor-
mance on the go [24]. Pomegranate juice has found its appli-
cation in the production technology of marmalade (jam) to
increase the content of anthocyanins [25]. On the one hand,
the use of concentrates has certain advantages in use, how-
ever, worth noting are the objective difficulties that arise
during the implementation of the technology. Namely, the
increase in the duration of boiling the marmalade mass, as a
result, significant losses of vitamins.

Together with the creation of products with a functional
purpose, it is impossible to bypass such a direction of tech-

nology improvement as reducing the sugar content by
using sugar substitutes. Thus, changes in the quality of
jelly-fruit marmalade with the content of erythritol and
xylitol sweeteners with 50 % replacement of white sugar
have been established. It was found that the samples have
high organoleptic and physicochemical quality indica-
tors [26]. The use of stevia sweetener during the produc-
tion of chokeberry marmalade is known. The authors
established a high content of polyphenols and proved
antioxidant activity [27]. They considered the problem
of ensuring a long shelf life of jelly marmalade without
changing the taste by increasing the mass fraction of
glucose syrup from 5 % to 25 %. This leads to an increase
in the elastic and plastic properties of jelly marmalade.
Adjusting the recipe and reducing the moisture content of
the marmalade significantly reduce the risk of undesirable
sensory changes on the surface of the marmalade during
its storage [28].

In work [29] it is proposed to obtain jelly marmalade
using natural buckwheat honey. The authors replaced white
sugar and molasses with honey with a conversion to dry
matter. It was established that marmalade with Greek honey
exceeds the control sample in terms of potassium content
by 14 times, calcium by 10, iron by 22, and is rich in vita-
mins By, By, C. Marmalade can be classified as a functional
product. Along with this, worth noting is the possibility
of allergic reactions, which limits the use of the developed
products [29].

As an alternative to artificial dyes in marmalade technol-
ogy, the use of black carrots is proposed, which is a source of
anthocyanins, which can also serve as new sources of func-
tional food products [30]. However, the problem of forming
the taste of products remains unsolved, which contributes to
the need to expand the assortment of raw materials due to
the use of fruit.

In conclusion, it should be noted that despite the wide
range of proposed solutions, the problem of obtaining
healthy and natural confectionery products based on fruit
and berry raw materials remains unsolved. The use of fruit
and berry raw materials and products of their processing
in the production technologies of marmalade products is a
promising direction for the correction of nutritional value
and consumer properties. Therefore, local raw materials in
the form of a multicomponent mixture, which is a source of
useful, biologically active food components, as well as a nat-
ural dye and flavoring, are of particular interest.

3. The aim and objectives of the study

The aim of our study is to improve the technique to pro-
duce fruit pat by introducing the developed fruit and berry
paste into its recipe. The use of the new paste will expand
the current assortment of herbal supplements with increased
content of nutrients and pat with its use.

To accomplish the goal, the following tasks have been set:

— to establish the functional and technological indica-
tors of the developed apple, apricot, and rosehip paste ob-
tained by short-term concentration at gentle temperatures
for its further introduction into pat technology;

—to determine the structural-mechanical, physi-
cal-chemical, and organoleptic indicators of “healthy and
natural” pat on the basis of apple, apricot, and rosehip paste
made by the developed production technique.



4. The study materials and methods

The object of our study is the technique of making fruit
pat based on apple, apricot, and rosehip paste.

The hypothesis of the study assumes the possibility of
obtaining functional fruit pat with high organoleptic and
physicochemical quality indicators. The use of the developed
fruit and berry paste will enable formation of high sensory
characteristics of the products, which will allow the dye and
essence to be excluded from the recipe. The use of multicom-
ponent fruit and berry paste will simplify the technological
process under the conditions of craft enterprises.

Pat “Fruit” [31] was chosen as the control sample. This is a
special type of marmalade, which is made using apricot puree
by molding the marmalade mass into half-sphere molds, the
surface of which is decorated with white sugar. The following
recipe composition was used to make the pat, g: white sugar
for sprinkling 173; gelatinized white sugar 689.7; applesauce
343.7; apricot puree 171.8; citric acid 2; essence 0.9; dye 0.2.
Output 1000 g.

The process of making pat consists of preparing the rec-
ipe mixture, boiling the marmalade mass in open cooking
cauldrons at a temperature of 110...115 °C (dry substances
85%2 %, reducing substances 18+1 %), casting the pat into
molds made of granulated sugar, forming the structure of
the pat (temperature 10+2 %, 30...40 min.), and packaging.

The quality indicators of the developed pas were eval-
uated according to DSTU 4333:2018 Marmalade general
specifications.

During the creation of the paste, carefully selected raw
materials were chosen: apple (Antonivka variety), apricot
(Chervonoschoky variety), rosehip (Jubilee variety).

The structural and mechanical indicators of puree, paste,
and marmalade mass samples were determined on a rotary
viscometer “Reotest-2” (Germany).

The mass fraction of dry substances in the pastes was
determined by the refractometric method, and the active
acidity was determined by the electrometric method.

Determination of organoleptic parameters of experimen-
tal samples of pat was carried out using a point scale.

The mass fraction of pat moisture was determined with
the help of a refractometer, acidity — with the titrimetric
method, the content of reducing substances — with the ferri-
cyanide method, the ultimate shear stress — with the help of
the “Labor” penetrometer.

The margin of error in our studies was 0=3...5 %, the
number of repeated experiments was n=>5, the probability
was p>0.95.

3. Results of determining the parameters of the developed
fruit and berry paste and pat on its basis

5. 1. Studying the quality indicators of the developed
multicomponent paste

The technique for producing blended paste from selected
raw materials involved the use of different percentages of
apples, apricots, and rose hips. The choice of raw materials
for creating a paste-like semi-finished product is due to the
high content of pectin substances, which are good structure
formers. It is the presence of a large volume of pectin that
warrants the further use of the created paste for its use as
a component of many confectionery products of increased
nutritional value. It is also possible to obtain the color of the

future paste and the corresponding food product based on it
by selecting plant raw materials.

During the experimental studies, the following
pre-grounded recipe mixtures of experimental samples of
blended purees were used (Table 1).

Table 1
Variants of prototype samples of puree
. Variant
Raw material

1 2 3

Apple, % 70 60 50
Apricot, % 25 30 35
Rosehip, % 5 10 15

For the production of puree from apples, apricots, and
rose hips, the raw materials were subjected to primary
mechanical processing. Rosehip fruits are pre-cured in
an 8...10 % NaCl solution with the addition of 1.0 % citric
acid at a temperature of 22..24 °C for 32...35 minutes,
which helps separate mechanical impurities; stabilization
of polyphenols and inactivation of enzymes. The apple
passed through the crusher is blanched for 3—4 minutes
with steam at a temperature of 100...105 °C. Rose hips and
apricots are also subjected to steam blanching for 5 min-
utes and 3 minutes, respectively. After blanching, step-by-
step grinding of raw materials was carried out with a di-
ameter of grinding sieves of 0.3...0.5 mm. After grinding,
the pomace was sent for drying. Mashed raw materials
were combined in the recipe ratio (Table 1). A mixture of
apple, apricot, and rosehip puree was concerted to a paste-
like state (30 % dry matter) in a special rotor-type device
at a gentle temperature of 52...54 °C. Paste made by this
production technique is distinguished by the preservation
of the original properties of the raw material.

For quality control of the creation of fruit and berry
paste, its structural and mechanical characteristics were
determined, which are also an important indicator when
creating various confectionery products based on the paste.
The dependence of effective viscosity on the change in the
applied shear rate at a temperature of 20 °C was established.
To compare the rheological parameters of the experimental
samples, a control sample of apple puree was chosen. The
resulting dependence is shown in Fig. 1.

400 M., Pas
300
200
100
Y, s!
0 5 10 15 20 25

Fig. 1. Structural-mechanical characteristics of puree from
experimental samples at a temperature of 20 °C:
— control (apple puree); @ — sample 1;
A — sample 2; B— sample 3



Data in Fig. 1 indicate a significant increase in the
viscous structure of all test samples. The viscosity at the
beginning of the displacement of the experimental samples
has 3.0...3.2 times higher indicators than the control sam-
ple of 92 Pa-s. After applying the shear force, the viscosity
gradually decreases, which is explained by the destruction
of the puree structure. At the value of the shear rate at the
level of 10...15 57, the samples begin to behave like the struc-
ture of a Newtonian fluid. The viscosity of the samples at
the beginning of the shift has the following values: 1 — 278;
2 — 310; 3 — 347 Pas, respectively. That is, all test samples
have increased rheological indicators, therefore, in order to
establish the optimal option, we shall evaluate their organo-
leptic indicators (Table 2).

Table 2
Organoleptic evaluation of paste samples
. Characteristics
Indicator - - X
Variant 1 Variant 2 Variant 3
Appearance Homogenous, uniformly rubbed mass
The smell and A pleasant
. . Expressed smell
taste of apricot harmonious and taste of
Taste and and rosehip are | taste of apricot abricot. pleasant
smell barely perceptible, | and rosehip, the lr)ose hi P abple
the apple is almost | apple is almost almostlzotp]%;]t
not felt not felt
Color Light Orange Orange Orange
Consistency Puree-like, easy to spread and shape

The resulting organoleptic indicators indicate that vari-
ant 1 has a faint smell and taste of apricot, barely felt rose
hips, variant 3 of the experimental sample has a more pro-
nounced, and 2 — a harmonious pleasant taste. The color
of the first version of the sample is not so bright, unlike
the second and third. The introduction of a larger amount
of apricot gives a specific pleasant sweet taste, and on the
contrary leads to a deterioration of the color range of puree.
Our evaluation shows that the best indicators are inherent in
the version of sample 3 with the percentage of raw materials:
apple — 50 %; apricot — 40 %; rose hip — 10 % compared to
the 1st and 2nd option. Taking into account the higher vis-
cosity of this sample, we choose it for further research and
recommendations for inclusion in the fruit pat recipe.

An important stage in the production of blended puree of
fruit and berry paste based on the developed recipe is its con-
centration under gentle conditions. To this end, it is recom-
mended to use a rotary evaporator, which is characterized by
minimizing the thermal effect on the raw materials. During
concentration, the product is processed in 30...40 seconds
under the forced influence of the working bodies of the appa-
ratus in a thin layer. Under such conditions, it is necessary to
determine the viscosity of the product at temperatures and
shear rates close to the real process. Taking into account the
actual state of the boiling process, we determine the struc-
tural and mechanical parameters of the product when the
temperature changes from 20 to 70 °C and the rate of shear
deformation at the level of 3 s' (Fig. 2).

The viscosity of all test samples of puree and paste de-
creases at elevated temperature. At a temperature of 20 °C,
a paste cooked to a DM content of 30 % has a viscosity of
178 Pa-s, which is 3.2 times more than that of puree with a
DM of 17 % (56 Pa-s). For temperature measurement limits
of 20...70 °C, the viscosity of the paste decreases by almost

15 times. That is, a change in temperature significantly
changes the structural and mechanical parameters of the
test samples. The dependences in Fig. 2 demonstrate that
under the mode parameters of puree cooking from 17 % DM
to 30 % at a temperature of 58...63 °C, the effective viscosity
varies within 8...25 Pa-s (shear force 3 s").
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Fig. 2. Dependences of the viscosity of puree and paste on
temperature at a rate of shear deformation of 3 s':
B — 17 % dry matter; A — 30 % dry matter

We studied the content of functional ingredients in
the developed paste in accordance with the control in Ta-

ble 3.

Table 3

Chemical composition and quality indicators of pastes
(per 100 g of product) 6=3 %, n=5

Indicator Unitof | Daily C;SIptlr: 1 sfmxggigfl ZI;EL,
measure need paste |apricot, rosehip paste
Dry matter % - 30.00 30.00
Food fibers g 20 1.10 6.51
Vitamin A, PE ug 900 0.00 253.68
-carotene mg 5 0.00 1.52
Vitamin B5 mg 5 0.00 0.44
Vitamin C mg 90 1.60 172.8
Vitamin E mg 15 0.20 1.77
Vitamin K ug 120 0.00 8.06
Potassium mg 2500 | 124.00 306.40
Calcium mg 1000 | 0.00 44.00
Iron mg 18 1.30 0.72
Manganese mg 2 0.00 0.46
Copper mg 1000 | 0.00 131.92
ActivepH | Unitsof 159 | 345 3.20
acidity measurement

The resulting data in Table 3 demonstrate that the
developed apple, apricot, and rosehip paste has a signifi-
cantly higher dietary fiber content by 6 times compared
to the control. Based on the content of vitamin C, the
developed paste makes it possible to fully satisfy the daily



need for this substance. In addition, it is charac-
terized by the presence of a significant amount of

250R15f Pas

stances of the developed paste are represented by
potassium, calcium, iron, copper, and manganese.

vitamin A, carotene, and vitamin E. Mineral sub- 200"\

The given chemical composition allows us to state 150
that the developed fruit and berry paste made of
apples, apricots, and rose hips contains a significant

amount of functional ingredients, which allows us 100
to recommend it as a raw material in the technology
of “healthy and natural” pat. 50
§§ 'Y, S.1
5. 2. Establishing the quality indicators of the 5 |
improved technology of fruit pat based on the de- 0 5 10 15 20 25 30

veloped fruit and berry paste

The process of making pat according to the im-
proved technique consists of preparing the recipe
mixture and concentrating it in a vacuum-evapo-
rating apparatus at a temperature of 65...70 °C (dry
substances 85+2 %, reducing substances 18+1 %), casting
the pat into molds made of granulated sugar, structure
formation of the pat (temperature 10£2 %, 30...40 min.),
and packing. In the experimental sample, we replace the
puree content with the developed paste, which will reduce
heat consumption for cooking the pat and simplify tech-
nological operations during storage and preparation of
raw materials for production. Also, the use of dye and es-
sence is excluded from the recipe. The use of a gentle mode
of boiling the pat in a vacuum-evaporating apparatus of
an improved design [32] (65...70 °C) allows obtaining a
product of increased quality.

The structural and mechanical parameters of the pro-
posed experimental sample were determined in compar-
ison with the control of the “Fruit” pat (Fig. 3). Taking
into account the fact that temperature significantly af-
fects the fluidity of thermolabile jelly masses, for the study
of viscous properties, temperature regimes in relation to
the technological parameters of pat above its gelation at
the level of 50...52 °C were chosen. The intact structure
of the test sample has a viscosity value of 225 Pa-s, which
is 20 % higher compared to the control of 189 Pa-s. This
is explained by the higher content of pectin substances in
the experimental sample of the pat due to the use of the
developed apple, apricot, and rosehip paste. The nature
of the obtained flow curves indicates the pseudo-plas-
ticity of the studied samples, their effective viscosity is
a property of the equilibrium state between the process
of destruction and recovery. Viscosity indicators of both
samples have a high level of structuring within low shear
stresses of 0.3...5 s"'. When the shear rate increases, the
structure of the samples is destroyed, their particles begin
to orient in the direction of the applied shear rate, and a
transition from the flow stage to destruction is observed
at 5...27 s\, Subsequently, increasing the shear rate does
not significantly change the minimum value of viscosity,
which is characteristic of the destroyed structure.

Taking into account the original taste and color char-
acteristics of the fruit and berry paste and considering trial
laboratory preparations of the pat, it is proposed to exclude
the dye and essence from the recipe under the conditions of
the introduction of new raw materials.

The organoleptic and physical-chemical parameters of
the pat based on the paste and the control sample were de-
termined (Table 4).

Fig. 3. Structural-mechanical characteristics of fruit pat at a
temperature of 50 °C: @ —"Fruit” pat; ll — experimental pat

Table 4

Organoleptic, physicochemical indicators of the quality of
fruit pat and based on fruit and berry paste 6=3 %, n=5

Characteristics of indicators

Pat “Fruit” Pat based on fruit and
(control sample) berry paste

Indicator

This product is
characterized by
a lemon-scented

essence

Pleasant harmonious
taste and smell of
apricot and rosehip

Taste and smell

Color Yellow Orange
. Dense, not . .
Consistency lingering Dense, lingering
Form Proper, hemlspherl.cal, without
deformation
Surface Clear, sprinkled with white sugar

Mass fraction of
moisture, %
Titrated acidity, degrees 10.5 10.8
Mass fraction
of reducing substances, %

13.0 13.0

18.0 18.5

Strength at ultimate 21.0 26.1

shear stress, kPa

The control sample of “Fruit” pat, as well as the one
obtained by improved technology, meets the requirements
of the regulatory document in terms of organoleptic quality
indicators. At the same time, it is worth noting that the ex-
perimental sample with paste has better indicators of taste
and smell, which can be characterized as natural and harmo-
nious. The new pat has a natural orange saturated color and
is characterized by a long consistency due to an increase in
the content of pectin substances in the fruit and berry paste,
which will contribute to a better structure of the products.

This was confirmed by the obtained results regarding the
determination of the strength index, which is 24.2 % greater
than that of the control sample of pat. Physical-chemical in-
dicators of the quality of pat based on fruit and berry paste
do not significantly differ from the control sample and meet
all the requirements of the DSTU for this product.

An important indicator of the quality of the developed
pat is the characteristic of its chemical composition. There-
fore, we calculated the content of the main functional ingre-
dients in the fruit pat and based on the fruit and berry paste.
The results are given in Table 5.



Table 5

The content of functional ingredients in test samples of pat
(per 100 g of product) 6=3 %, n=5

. Unit of “Fruit” pat Pat bas.ed on
Indicator the fruit and
measurement | (control sample) b .
erry paste
Food fibers g 0.48 3.39
Vitamin A, PE ug 85.90 131.92
B-carotene mg 0.52 0.79
Vitamin B5 mg — 0.23
Vitamin C mg 1.41 155.52
Vitamin E mg 0.07 0.92
Potassium mg 91.24 159.33
Iron mg 0.69 0.38
Copper mg 22.33 68.60

As can be seen from Table 5, fruit and berry paste-based
pat significantly exceeds the control sample in terms of the
content of functional ingredients. Namely, by the content of
dietary fibers, vitamins A, B5, C, E, and B-carotene, as well
as minerals. It is known that in order for the product to have
the status of functional, its content in the product should
be from 10 to 50 % of the daily need for the corresponding
substance. Therefore, we calculated the provision of the
daily need for functional ingredients under the conditions of
consumption of 100 g of pat based on paste (Table 6).

Table 6

Provision of the daily need for functional ingredients under
the condition of consumption of 100 g of pat based on fruit
and berry paste 6=3 %, n=5

Indicator Unit of Daily Proyision of the
measurement need daily need, %

Food fibers g 20 16.95
Vitamin A, RE ue 900 14.66
B-carotene mg 5 15.80
Vitamin B5 mg 5 4.50

Vitamin C mg 90 172.80
Vitamin E mg 15 6.13
Potassium mg 2500 6.37
Iron mg 18 211
Copper mg 1000 6.86

Therefore, according to the content of dietary fibers, vita-
mins A, C, B-carotene, the developed pat based on the paste
can be classified as a functional product. At the same time,
worth emphasizing is the number of useful substances (min-
eral, phenolic), the absence of artificial additives, original sen-
sory properties and high quality indicators. All of the above
testifies to the competitiveness of these healthy sweets, as well
as the prospect of their introduction at craft enterprises due to
the simplification of their production technologies.

6. Discussion of results of the development of
multicomponent fruit and berry paste, its quality
indicators and marmalade using it

It is known that the production of healthy sweets is
based on the use of fruits, berries, vegetables, which are
promising food ingredients for the development of func-

tional food products [5, 12]. This is confirmed by the liter-
ature [13—15, 17, 18]. In contrast to the proposed solutions,
a production technique of fruit and berry paste has been
developed, which makes it possible to comprehensively solve
the problem of creating useful sweets with a high content
of physiologically functional ingredients due to the use of
a multi-component composition of the paste. The effective-
ness of using pastes during the development of functional
confectionery products has been confirmed by a number of
studies [2, 3, 21].

Thus, a production technique of fruit and berry paste
based on apples, apricot, and rose hips has been developed.
This formulation is due to the presence of a significant num-
ber of vitamins, minerals, and dietary fibers. The presence
of dietary fibers contributes to a better structuring of the
marmalade mass. This is confirmed by study [4].

The proposed technique of paste production is charac-
terized by a short duration (30...40 s) of a gentle concentra-
tion regime of 52...54 °C in rotary evaporators, which will
contribute to the preservation of functionally physiological
ingredients, unlike conventional cooking methods. In con-
trast to [20], in which the temperature regimes are higher
and amount to 60...65 °C. This result contributes to greater
preservation of the useful substances of the raw materials
during the preparation of the paste.

In order to substantiate the optimal percentage ratio of
raw materials in the recipe of the paste, the structural and
mechanical indicators of various mixes of puree after their
mixing were determined. The viscosity at the beginning
of the shift of the experimental samples has 3.0...3.2 times
higher indicators than the control sample (apple puree)
92 Pa-s (Fig. 1). The sample (apple — 50 %; apricot — 35 %;
rosehip — 15 %) with a better structure has a viscosity at
the beginning of the application of shear force — 347 Pa-s,
and also has more pleasant organoleptic indicators (Table 2).

We investigated rheological behavior of the test sample
of puree (DM 17 %) and the manufactured paste (DM 30 %)
under regime parameters characteristic of the process of
concentration of puree in a rotary evaporator, which is
characterized by the minimization of the thermal effect
on the raw material. During concentration, the product is
processed in 30...40 seconds under the forced influence of
the working bodies of the apparatus in a thin layer. Taking
into account the actual state of the boiling process, we de-
termine the structural and mechanical parameters of the
product when the temperature changes from 20 to 70 °C
and the rate of shear deformation at the level of 3 s! (Fig. 2).
In this way, it was established that under the mode param-
eters of puree cooking from 17 % DM to 30 % at a tem-
perature of 58...63 °C, the effective viscosity varies within
8...25 Pa-s (shear force 3s'). The given chemical composi-
tion (Table 3) allows us to state that the developed fruit and
berry paste made of apples, apricots, and rose hips contains
a significant amount of functional ingredients, which allows
us to recommend it as a raw material in the technology of
“healthy and natural” pat.

The structural-mechanical, physical-chemical, and or-
ganoleptic indicators of the developed pat on the basis of
apple, apricot, and rosehip paste compared to the “Fruit”
pat (control sample) were determined. As a result, the as-
sumption regarding the expediency of excluding the dye
and essence from the recipe of pat at the expense of fruit
and berry paste was confirmed. The substances included in
its composition make it possible to create an original taste,



smell, and color in products. This is a significant advantage
because, on the one hand, it makes it possible to reduce the
recipe composition, which is especially relevant within the
scope of the work of craft enterprises. On the other hand, it
makes it possible to get completely natural sweets without
the use of artificial additives. In terms of viscosity, the sam-
ple of marmalade mass based on apple, apricot, and rosehip
paste has an index of 225 Pa-s, which is 20 % more than in
the control sample (Fig. 3).

At the same time, the developed pat has better indicators
of taste and smell, which can be characterized as natural
and harmonious. It has a natural rich orange color and is
characterized by a lingering consistency, and the content
of functional ingredients significantly exceeds the control
sample. Namely, by the content of dietary fibers, vitamins
A, B5, C, E, and B-carotene, as well as minerals. Based on
the content of dietary fibers, vitamins A, C, B-carotene, the
developed pat based on the paste can be classified as a func-
tional product.

Thus, there are reasons to believe that the introduction
of improved pat technology based on apple, apricot, and rose-
hip paste makes it possible to expand the range of “healthy
and natural” products and increase competitiveness due to
higher quality and nutritional value indicators.

The proposed technological solutions can be implement-
ed taking into account the rational modes of raw material
processing substantiated in our work and observing the
recipe ratios. In addition, it is important to use modern re-
source-saving equipment.

The limitations of the current research are the use of
plant raw materials of the specified varieties while the use
of others requires additional processing. As shortcomings,
it is possible to single out non-compliance with the condi-
tions of storage and transportation of raw materials and
manufactured pat, the use of low-quality raw materials and
semi-finished products.

Further research will be aimed at improving re-
source-saving equipment for the production of marmalade
products at craft enterprises.

7. Conclusions

1. A production technique of fruit and berry paste based
on apple —50 %; apricot — 35 %; rose hip — 15 % has been
developed. The peculiarity of the method is the use of a
short-term 30-40 s gentle concentration mode of 52-54 °C
in rotary evaporators, which will positively contribute to the
preservation of functionally physiological ingredients, un-
like conventional batch evaporators. In the developed paste,
a 6-fold increase in dietary fiber was established compared
to the control. In terms of the content of vitamin C, the de-
veloped paste makes it possible to fully satisfy the daily need
for this substance, there is a significant amount of vitamin A,
carotene, and vitamin E. It was established that under the
regime parameters of puree concentration from 17 % DM

to 30 % at a temperature of 58...63 °C, its effective viscosity
varies within 8...25 Pa-s (shear force 3 s!). The proposed
paste sample has an improved viscous structure compared to
apple paste, which makes it possible to recommend it for use
in fruit pat technology.

2. The production technique of pat according to the im-
proved technology is characterized by increased quality in-
dicators due to the use of gentle concentration modes in the
vacuum evaporation apparatus and the use of the developed
paste. The viscosity of the pat based on apple, apricot, and
rosehip paste at a temperature of 50 °C is 225 Pa-s, which
is 20 % higher than the fruit pat (control sample), which
contributes to better structure formation. At the same time,
the sample with the paste has better indicators of taste and
smell, which can be characterized as natural and harmoni-
ous. The new pat has a natural orange saturated color and is
characterized by a long-lasting consistency, and the content
of functional ingredients significantly exceeds the control
sample. These substances are represented in the pat on the
basis of fruit and berry paste by dietary fibers, vitamins A,
B5, C, E, and B-carotene, as well as minerals. The quanti-
tative content of dietary fiber, vitamin A, C, B-carotene is
important, according to which the developed pat based on
the paste can be classified as a functional product. The new
products are characterized by an organic composition of
raw materials, do not contain artificial dyes and flavors, and
the proposed technological solutions simplify the process of
their production, which makes it possible to recommend the
technology for implementation at craft enterprises.
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