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The object of this study is a
Junctional fruit-and-berry paste for
health purposes with the selection of
components (apples, Ziziphus jujuba,
blueberries), which are sources of
dietary fiber, vitamin C, low molecular
weight polyphenolic compounds and
phytosterols, which are used as an
immunostimulant to create products
with cholesterol-lowering effect. The
task to increase the content of these
substances is solved by concentrating
in a rotary film evaporator (RFE) under
mild regime parameters (60...65 °C) to
a dry matter (DM) content of 30...32 %
Sor 45..50 s and by the pasteurization
of concentrated paste in a scraper heat
exchanger (SHE) at a temperature of
95...98 °C followed by packing.

The effective viscosity (Pas)
of the mixtures of the original purees
(DM 16...17 %) and resulting pastes
(30...32 %) has been determined and
its increase was found in the pastes
compared to puree, by 1.65...1.85 times.
The obtained data indicate a
strengthening of the structure of the
resulting functional paste, which,
compared to control, has an effective
viscosity of 3.6 times more. A significant
advantage has a paste containing 45 %
of apple; 35 % of Ziziphus jujuba; 20 %
of blueberries. It is characterized by
an enhanced content of dietary fiber,
by 3.8 times; vitamin C, by 2.25 times;
low-molecular polyphenolic compounds
and tannins, phytosterols. Therefore, it
can be used as an immunostimulant to
manufacture products with cholesterol-
lowering effect.

It was established that in order
to effectively conduct the process of
concentration in RFE and subsequent
pasteurization in SHE, it is rational to
grind puree to a particle size within
0.1...0.5mm. The heat transfer coefficient
when concentrating samples with a
particle size of 0.5 mm has a higher rate,
by 6 %, compared to the sample with a
particle size of 1.5 mm. The technology
could be introduced at the enterprises of
the canning and confectionery industries

Keywords: paste (apple, Ziziphus
Jujuba, blueberry), effective viscosity,
heat transfer coefficient, dispersion,
pectin, vitamins, phytosterols
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1. Introduction

component of the human body through the consumption

of physiologically functional ingredients (PFI) of organic

Many countries are engaged in solving one of the stra-  origin. The introduction of innovative technologies with
tegic problems of nutrition of society to reduce the existing  improved methods of processing organic plant materials into
deficiency necessary for the functioning of the immune  functional semi-finished products will ensure the production




of “healthy food” with a high content of PFI. Disappointing
statistics of the XXI century are high mortality and disabil-
ity from cardiovascular diseases, which in most cases are
associated with high cholesterol in the blood. Production
of functional organic ingredients and food products based
on them will make it possible to obtain special-purpose
products, including those with cholesterol-lowering effect,
primarily using innovative technological processes [1]. Pro-
duction of functional organic ingredients and food products
based on them will make it possible to obtain special-pur-
pose products, including those with cholesterol-lowering ef-
fect, primarily using innovative technological processes [2].

One of the directions of production of these products
is the use of plant materials — sources of phytosterols that
have cholesterol-lowering ability (apricot, lemon, Ziziphus
jujuba, blueberries, etc.) to obtain functional semi-finished
products. There are valid WHO recommendations regarding
the need to consume vegetable raw materials (fruits, berries,
spicy-aromatic raw materials, etc.), regardless of age cate-
gories, which emphasize the need for research in the field of
creating a healthy diet of the nation [3]. The production of
food products of increased nutritional and biological value
for special purposes is recommended for mass consumption
to ensure health and therapeutic effects on the immune com-
ponent of various categories of the population, in particular
military personnel and doctors.

Therefore, studies aimed at improving the technology
of production of functional semi-finished products of plant
origin are relevant since they have wide production imple-
mentation in the food industry, pharmacology, medicine, etc.
In addition, they will make it possible to expand the range
of functional products for special purposes (puree, pastes,
powders, juices, etc.), which will be highly competitive due
to production according to modern technological require-
ments.

2. Literature review and problem statement

In [4], an interventional strategy is proposed to expand
the choice of healthy food by prompting consumers at the
expense of the color scheme of the proposed meal, which has
been tested in practice. The authors have proved the expe-
diency of preserving the properties of organic raw materials
at all stages of the hardware and technological process of
production of health-improving food products. Paper [5]
analyzes the demand for consumption by the population of
food of a balanced nature based on plant materials in the
daily diet, which made it possible to form a generalized
picture of human preferences. However, questions remain
related to the provision of rational methods for determining
the effectiveness of blending raw materials not only to im-
prove the health properties but also the competitiveness of
the products obtained, requiring research in this direction.
One of the convenient ways to solve this issue is to introduce
in improved ways of rational blending of plant materials,
taking into consideration the obtained PFI, organoleptic
properties, etc. Prospects for the use of plant materials for
the production of functional semi-finished products and
products based on them are organicity and naturalness,
which will minimize and even abandon the use of artificial
flavors and colors [6].

One of the solutions is given in [7], where a technique
for production of multicomponent fruit and vegetable paste

from apple, viburnum, chokeberry, pumpkin, and beets is
proposed. The content of raw materials is selected taking
into consideration the amount of physiologically functional
ingredients in the created blend. A feature of the technique is
the use of multifunctional equipment for pre-heat treatment
and a rotary-film evaporator for further concentration of
puree. The specified structural and mechanical properties of
the obtained blends make it possible to reasonably approach
the resulting consistency and change it due to the content
of the components, but the effect of the dispersion of the
blended mixture on the heat transfer coefficient remains
to be explored. This may be partly due to the fact that the
technological component was investigated rather than the
hardware and technological complex as a whole. Conse-
quently, forecasting the obtained structural and mechanical
indicators during the production of blended functional
semi-finished products requires a detailed determination
not only of the formulation effect of components but also of
technological operations, which confirms the relevance of
research. Thus, one of the solutions is to take into consider-
ation the influence of the heat transfer coefficient from the
working surface to the product during concentration, which
optimizes the heat and mass transfer properties of the pro-
cess and reduces the duration of heat treatment.

In [8], it is noted that for centuries, the study and in-
troduction of innovative technologies for processing and
production of food products for the acquisition of special
purpose and health-improving properties have been carried
out. However, important factors remain unattended, in
particular the level of countries in terms of economic and
technical development, the percentage of local production to
ensure the domestic market, etc. Improvement of production
methods taking into consideration the hardware and techno-
logical component under the conditions of rational blending
of plant materials will ensure the production of functional
semi-finished products with an enriched chemical compo-
sition. At the same time, the issue of the formation of daily
diets requires a detailed definition. Intensification of the
technological process of production of functional semi-fin-
ished products of plant origin requires the use of innovative
technological processes that provide heat and mass transfer
processing. Thus, in [9] a heat and mass exchange model
of concentration in a film evaporator is given to analyze
changes in product properties depending on the operational
parameters. However, the effectiveness of the concentration
process, taking into consideration the method of heat supply,
which significantly affects the preservation of the natural
properties of plant materials, which requires research in this
direction, remained to be examined. One solution [10] is the
use of an improved heating system for rotary film apparatus
to ensure an effective thermal regime in the production of
compositions of high-quality multicomponent plant pastes.
Approbation of concentration is implemented on the formu-
lation ratio of the blended paste, taking into consideration
the healing properties of raw materials from apples, cranber-
ries, and hawthorn. The influence of each component on the
change in the structure of the resulting pasty semi-finished
product with confirmation of the preservation of the orig-
inal value in the final product was determined. However,
the influence of the particle size of blended compositions
for concentration and their influence on the heat transfer
coefficient from the working surface to raw materials are
not considered, which requires further research in this di-
rection. In [11], the analysis of the process of heat transfer to



a non-Newtonian pseudoplastic liquid during heat and mass
exchange treatment in a scraper heat exchanger was carried
out. The proposed structural solutions for the hardware de-
sign of the heat exchanger provide an increase in heat trans-
fer, taking into consideration the energy spent on boiling un-
der static and dynamic conditions. However, the conclusions
in the cited work are based on the achievement of techno-
logical needs without taking into consideration the resource
efficiency of the process. This determines the feasibility of
determining the heat transfer coefficient as a factor affecting
the duration of the process, and therefore the cost of energy.
For example, in [12] it is noted that scraper heaters are used
to increase the efficiency of the technological process for the
production of blended vegetable semi-finished products be-
fore concentration. To intensify heating, a hinged blade with
a cutting edge (with a reflective heating surface) is proposed
in order to obtain a uniform distribution of the thickness of
the product layer on the working surface and its additional
heating with the reflective surface of the blade. The device
enables the uniform distribution of the heat flux on the
heating surface (60.3...60.5 °C) and on the reflective surface
of the hinged blade with a cutting edge (60.0...60.3 °C).
The scraper heat exchanger is characterized by a decrease
by 1.48 times of the specific energy consumption spent on
heating a unit of product volume compared to a heater with
a steam shell. An integral part of modern production is the
intensification of techniques for the production of functional
plant semi-finished products, taking into consideration the
hardware and technological component. Nevertheless, heat
and mass exchange operations require clear control, taking
into consideration the properties of raw materials, which
determines the relevance of scientific and practical research.

One of the solutions for the production of functional
vegetable semi-finished products is the use of thermoradia-
tion single-drum roller dryer with a combined technique of
heat supply, the application and cutting of the dried layer of
raw materials [13]. The studies have found that adding apple
paste to sea buckthorn blends, chokeberry aronia, beets
and pumpkins with different percentages of raw materials
leads to an increase in effective viscosity by 9...18 %. The
specified indicators of color changes in blends depending
on the duration of drying confirm the effectiveness of us-
ing the proposed device to obtain high-quality vegetable
semi-finished products of the dried fraction. The resulting
functional plant semi-finished products with the help of in-
novative equipment are characterized by high organoleptic
and physical-chemical properties, and therefore can be used
in various areas of the food industry for the manufacture of
special-purpose products.

In [14], an analysis of the demand for consumption of
confectionery products without sugar content is reported,
by adding to their recipes of vegetable functional semi-fin-
ished products of organic origin. In particular, by adding
dried agai powder (10.0 g/100 g in a dry base) to finished
confectionery products, followed by determining the organ-
oleptic properties. The issues that are left unattended are
associated with an increase in the indicator of sugar content
due to sprinkling with powdered sugar and the possibility of
minimizing this indicator by using vegetable blended cho-
lesterol-lowering semi-finished products in order to obtain
special-purpose products.

It was established that the use of vegetable raw materials
in the form of natural vegetable, fruit and berry and cereal
fillers, vegetable fats contributes to the effective improve-

ment of the range of food products enriched with physio-
logically functional ingredients [15]. However, the review
of literary sources shows that the use of this raw material to
create special-purpose products is rather limited, especially
with a cholesterol-lowering effect. Therefore, studying the
quality of plant materials, which is adapted for cultivation in
a number of countries and the improvement of the nutrition-
al properties of products with their use is relevant.

In [16], the authors proposed an improved technique for
production of multicomponent fruit paste based on apples,
cranberries, hawthorn. The feature is the concentration in
a rotary device to a dry matter content of 28...30 % within
25..50s and on the condition that the puree is preheat-
ed to 50 °C. Also determined and justified is the rational
amount of addition of fruit paste — 75 %, with the replace-
ment of apple puree, which is confirmed by a high degree
of structure formation, namely, a viscosity index of 616 Pa-s
compared to control (354 Pa-s). It is noted that it is rational
blending and innovative technological processes that ensure
the production of “healthy foods” by partially replacing raw
materials with a low content of PFI with a blended compo-
sition, which ensures an increase in the nutritional value of
marshmallows. In [17], a technique for production of marsh-
mallow is proposed, with the introduction into the recipe
composition of puree from vegetable raw materials when
replacing the content of apple puree; the resulting functional
properties are given. At the same time, the issues of deter-
mining changes in structural and mechanical properties re-
mained unresolved. For example, in [18], the structural and
mechanical properties of children’s vegetable purees were
established at different temperatures (5...65 °C), followed by
determining the shear speed range (5...200 s™') depending
on the duration of heat treatment. Thus, determining the
influence of structural and mechanical indicators on the pro-
cessing modes of plant materials is relevant from the point
of view of further research. It should be noted that the use
of dried vegetable semi-finished products is also possible in
the low-temperature production of meat culinary products,
which makes it possible to ensure the original organolep-
tic properties of products [19]. Our review of the literary
sources makes it possible to form generalized prerequisites
for ensuring an innovative and high-quality process of pro-
duction of functional pasty fruit and berry semi-finished
products with a high content of physiologically functional
ingredients. It is necessary to determine the issue of for-
mulation component composition based on plant materials
and changes in structural-mechanical, physical-chemical,
and organoleptic indicators at the main technological and
hardware stages of production. In addition, it is necessary to
determine the effect of dispersion of blends under conditions
of taking into consideration the optimal heat transfer coeffi-
cient during concentration. All this predetermines the need
for experimental and practical research to ensure the pro-
duction of functional fruit paste, which, in turn, will expand
the range of competitive natural semi-finished products for a
wide range of application.

3. The aim and objectives of the study

The aim of this study is to improve the technology of
production of functional pasty fruit and berry semi-finished
products with a high content of physiologically functional
ingredients for further use in the production of special-pur-



pose food. The introduction of the proposed technology into
production complexes for the processing of plant materials
will expand the range of functional fruit and berry semi-fin-
ished products that can be used in food production. In addi-
tion, the problem of increasing the content of dietary fiber,
vitamins, low molecular weight polyphenolic compounds,
phytosterols is being solved.

To achieve the set aim, the following tasks have been solved:

— to determine the structural-mechanical, organoleptic,
physical-chemical properties and increase in the chemical
composition of the resulting functional fruit-and-berry paste
compared to control (apple paste);

— to determine the effect of the dispersion of the blended
compositions on the heat transfer coefficient of the equip-
ment design for the production of fruit-and-berry paste for
functional purposes.

4. The study materials and methods

4. 1. The study materials

Experimental and practical research for the implementa-
tion of the tasks was carried out at the research laboratory
“Improvement of the processes of concentration and drying
of organic raw materials of plant origin” of the State Bio-
technological University (Ukraine, Kharkiv).

For the manufacture of the functional fruit-and-berry
paste, the following raw materials were used: apples (An-
tonivka variety), Ziziphus jujuba (Ta-yang-tsao variety),
blueberries (Toro variety) with a high content of functional
and physiological ingredients (Table 1).

Table 1

Content of physiologically functional ingredients of raw
materials (per 100 g of raw materials)

Substance slrl/lrei?lg Apple Z.iz?phus Blue-
unit jujuba | berry
Dietary fibers, g 1.8 6.0 2.4
. %

Organic ;calﬁz Z(C)iriiverted to 0.8 (7 19
Folic acid 1.8 0.2 6.0
Vitamin A e é);r 005 | 20 32.0
Vitamin K 2.2 - 19.3

Vitamin By 0.002 0.02 0.037
Vitamin By 0.02 0.04 0.041
Vitamin Bs 0.025 0.9 0.418
Vitamin B, “;%g’g 0.4 - 6.0
Vitamin Bs 0.07 0.9 0.124
Vitamin C 4.9 69.0 9.7
Vitamin E - - 0.57
Low—m_olecular polypheno- | mg per 14 9599 4199
lic compounds 100 g
Tanning substances % 0.02 5.0 4.0
Potassium 278.0 | 250.0 77.0
Calcium 16.0 21.0 6.0
Magnesium mg per 9.0 10.0 6.0
Sodium 100g | 26.0 3.0 1.0
Phosphorus 11.0 23.0 12.0
Manganese 0.047 - 336.0
Phytosterols Té;ogcg - 646.5 22.0

The selection of raw materials for the paste was car-
ried out taking into consideration the content of pectin
substances, making it possible to obtain a semi-finished
product with a structure-forming effect, phytosterols
that have cholesterol-lowering ability, vitamins, minerals,
low-molecular polyphenolic compounds. Thus, the apple
contains (per 100 g): dietary fiber, 1.8 g; vitamin C, 4.9 mg;
a number of minerals (calcium, potassium, magnesium,
sodium). Ziziphus jujuba is a source of phytosterols, pectin
substances, a number of vitamins and minerals. Bilberry
is characterized by a significant content of dietary fi-
ber (2.4 g/100 g), vitamins, minerals, low-molecular poly-
phenolic compounds, folic acid. In addition, blueberry
fruits are a source of phytosterols (per 100 g — 40.0 % of the
daily requirement), a significant part of which is represent-
ed by beta-sitosterol.

The combination of paste compositions was carried out
by trial laboratory tests, which made it possible to obtain the
following formulation ratio of fruit and berry raw materials
in blended compositions, given in Table 2.

Table 2
Formulation of prototypes of fruit and berry puree
.. Composition
Component composition
1 2 3
Apple 65 55 45
Ziziphus jujuba 25 30 35
Blueberry 10 15 20

During the selection, the ratio of components was based
on apple as the most common and affordable raw material,
characterized by a structure-forming effect, but having not
very pronounced organoleptic quality indicators. A signif-
icant amount of Ziziphus jujuba in the formulation of the
pastes is also justified by the structure-forming effect of its
pectin substances and different taste from the apple. The
lower blueberry content in the paste compositions is due
to the significant volume of organic acids and polyphenolic
compounds that affect the taste and color of the paste, re-
spectively.

4. 2. Production technology of functional pasty fruit-
and-berry semi-finished products

Selected fruit-and-berry raw materials based on ap-
ple, Ziziphus jujuba, and blueberries are supplied for
separate sorting and washing, followed by the manufac-
ture of puree from them (Fig. 1). Ziziphus jujuba fruits
are kept in 9...10 % NaCl solution at a temperature of
20...25 °C for 30...35 minutes, which ensures the removal
of mechanical contaminants, stabilization of polypheno-
lic components (anthocyanins, leukoanthocyanins, etc.).
The technological operation of keeping Ziziphus jujuba in
NaCl solution takes place with the addition of 1 % citric
acid to inactivate enzymes, and after aging, the fruits of
Ziziphus jujuba are blanched with steam at a temperature
of 105...110 °C for 5 min. The apple is crushed in a crush-
er, followed by blanching with steam at a temperature of
105...110 °C and lasting about 3 minutes. Blueberries are
blanched in water at a temperature of 85...87 °C for 3 min.
It should be noted that technological operations for the
maintenance of fruit-and-berry raw materials in solutions
and blanching are carried out in stages for each raw mate-
rial using a unified multifunctional apparatus.



Ziziohus uiuba Bluebe Aool at the technological stages of production by
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Iﬁ?l&l |_'_|Inspect10n Inspection studies was 6=3...5 %, the number of re-
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Concentration to the DM content 0f30...32 %,

5. 1. Determining the structural-me-
chanical, organoleptic, physical-chemi-

v
| Flow pasteurization |

Packing in airtight container

Fig. 1. Functional-technological scheme for the manufacture of

fruit-and-berry paste

The blanched fruits of Ziziphus jujuba and blueberries,
as well as the crushed apples, are separately rubbed on a rub-
bing machine with a hole size of 0.4...0.5 mm. The squeezes
formed during rubbing of raw materials are sent for drying.
The resulting mashed apples, Ziziphus jujuba, and blueber-
ries are blended according to the recipe ratio (Table 2).

After blending the components of apple puree, Ziziphus
jujuba, and blueberries according to the formulation ratio,
the resulting mass is sent for vacuum film concentration to
arotary film evaporator (RFE). The use of RFE for concen-
trating fruit-and-berry purees is justified by the fact that the
process takes place with continuous intensive mixing by the
working bodies of a thin layer of the flowing blend of puree.
The use of RFE makes it possible to get fruit-and-berry paste
with a dry matter (DM) content of 30...32 % for 45...50s
at a temperature of 60..65°C. To reduce the duration of
heat treatment and the viscosity of the original puree, it is
preheated to 48...50 °C before concentration in RFE. In-
tensive mixing of raw materials by mobile working bodies
leads to additional movement and grinding of raw materials.
The resulting paste is pasteurized continuously in a scraper
heat exchanger (SHE) at a temperature of 95...98 °C in the
stream and sent for packaging in a sealed aseptic container.

4. 3. The study methods

We determined structural and mechanical properties
during the blending of the component composition (purees and
pastes) using the rotary viscometer “Reotest-2” (Germany).
The content of pectic substances was determined by calci-
um-pectate method; low-molecular phenolic compounds — by
colorimetric method according to DSTU 4373:2005. The min-
eral composition was determined by the method of atomic emis-
sion spectrography with photographic registration on the DFS-
8 device. We determined organoleptic properties of prototypes

L—» To warchouse

cal properties and chemical composition
of the functional fruit-and-berry paste

To organize a high-quality process of
concentration and calculations of the work-
ing bodies of the apparatus, it is necessary
to study the structural and mechanical
indicators of purees and pastes obtained
in the developed way. In addition, when
creating competitive food products on the
basis of the obtained functional semi-finished product (fruit-
and-berry paste), it is necessary to control their viscosity
at all stages of production. For example, structural and me-
chanical properties are among the main indicators reflecting
the quality characteristics during the production of various
confectionery masses with the addition of vegetable pastes
to their recipe. The advantage of using fruit-and-berry
pastes is the minimization of the content of artificial colors
and flavors, and in some cases, their complete elimination.

The complete rheological curve of fruit-and-berry purees
and pastes has been determined (Fig. 2, 3). Analysis of the
obtained curves indicates that all presented experimental
blended compositions belong to pseudoplastics, the viscosity
of which is an indicator of the equilibrium state between the
process of destruction and reduction.
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Fig. 2. Rheological curve of fruit-and-berry puree at =20 °C:
@ - control (apple puree); @ — composition 1;
— composition 2; ¥ — composition 3



The above curves of pseudoplastic purees and pastes are
described by equation (1):

Ne=By™, )

where B is the effective viscosity at a single value of the ve-
locity gradient, Pas;

y is the shear speed, s';

m is the rate of destruction of the structure.

Fig. 2 shows the effective viscosity of the studied
samples of fruit-and-berry puree depending on the rate of
displacement. The effective viscosity index (Pa-s) of puree
during the application of the shear moment is for proto-
types according to the formulation ratio: 1 — 291; 2 — 358;
3 — 382; and control — 57, respectively. The prototypes
of blended fruit-and-berry puree obtained using the de-
veloped technology have indicators of effective viscosity,
which in comparison with the control (applesauce) differ
by 5...6.7 times. This difference is due to the different
solids content between controls (apple puree, 8...9 %) and
prototypes of puree compositions, 16...17 %. A significant
increase in the prototypes of compositions 1-3 of effective
viscosity can also be explained by a greater number of
pectin substances in the puree of the starting raw materi-
als (Ziziphus jujuba, blueberries).

The dependence of effective viscosity on the rate of dis-
placement of the studied samples of blended fruit-and-berry
boiled pastes with a solids content of 30 % is shown in Fig. 3.
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Fig. 3. Rheological curve of fruit-and-berry pastes at =20 °C:
— control (apple paste); Bl — composition 1;
— composition 2; @ — composition 3

The effective viscosity (Pa-s) of pastes during the ap-
plication of the shear moment is for experimental formula-
tion samples: 1 — 543; 2 — 605; 3 — 634; and control — 176,
respectively. The prototypes of fruit pastes obtained using
the developed technology have indicators of effective vis-
cosity, which, in comparison with the control (apple pu-
ree), increase by 3.08...3.6 times. The obtained structural
and mechanical characteristics for purees and pastes in
general indicate an improvement in the quality indicators
of all prototypes in terms of strengthening their struc-

ture. This may be a prerequisite for reducing the number
of structure-forming agents during the preparation of
confectionery.

To determine the optimal percentage of raw material
components in prototype pastes, their organoleptic assess-
ment was carried out (Table 3).

Table 3

Organoleptic evaluation of prototypes
of fruit-and-berry pastes

] Characteristics
Indicator
Composition 1 | Composition 2 | Composition 3
A Homogeneous rubbed paste-like paste without
ppearance ; .
extraneous inclusions
The smell Pronounced
and taste of taste and smell
. Pleasant har- .
blueberries . of Ziziphus
monious taste ..
Taste and are barely felt; . jujuba,
of blueberries,
smell pleasant — of L S pleasant — of
Ziziphus juju- .
apples and ba. and anoles blueberries,
Ziziphus ’ ppies apple is almost
jujuba not felt
Color Pink-purple Light burgun- Bright ma-
dy purple roon-purple
Consistency Pasty, easy to spread and shape

Our organoleptic studies of the experimental blend
of composition 1 showed that the sample has a pleasant
smell and a barely audible taste of blueberries, a pleasant
Ziziphus jujuba, an apple is felt. Composition 2 has a pleas-
ant harmonious taste of Ziziphus jujuba and blueberries,
the apple is almost not felt, and blend 3 — more pronounced
Ziziphus jujuba and blueberries. Increasing the content
of Ziziphus jujuba gives a rich pleasant specific taste and
smell. The color scheme of the first composition is not so
bright, unlike the second, the third has a bright saturated
color. The introduction of blueberries gives a specific sweet
and sour taste, and in a small amount leads to a deteriora-
tion in the color gamut of the resulting paste. Comparing
the obtained indicators of organoleptic evaluation and
structural and mechanical characteristics, it was found
that the best indicators are demonstrated by composition
3 with the formulation ratio of components: apple — 45 %;
Ziziphus jujuba — 35 %; blueberries — 20 %, compared to
compositions 1 and 2.

The content of physiologically functional ingredients of
prototypes obtained according to the proposed formulation
ratio and production technology (Table 4) in comparison
with the control sample (apple paste) is determined.

The composition 3 obtained by the improved technology,
compared to control, has a high content of dietary fiber,
by 3.8 times, and vitamin C, by 2.25 times (Table 4). The
content of low-molecular polyphenolic compounds (antho-
cyanins, leucoanthocyanins, catechins, and flavonoids) and
tannins exceeds that of the apple paste. In addition, the
resulting new functional pastes contain phytosterols. Such
a composition of the developed functional paste indicates
the feasibility of its use as an immunostimulant, and the
content of phytosterols makes it possible to recommend a
semi-finished product for creating products with cholester-
ol-lowering effect.



Table 4 particles (1...1.5 mm) cell sap in suspension is
Content of physiologically functional ingredients of pastes not enough, which leads to the emergence of
(per 100 g of product) friction forces when applying shear forces and
: : _ . maximum values of the limiting shear stress
Substance Mcasqung Control, Composr Composr Comp051— equal to 167..242 Pa.
unit apple paste tion 1 tion 2 tion 3 With a gradual decrease in the size of the
Dry matter 30+1.15 30+1.15 30+1.15 30+1.15 particles, the amount of cell juice in the layer
content between the particles increases due to their de-
p
Food fibers o 1.74+0.02 5.82%0.08 6.300.10 6.78+0.12 struction, this leads to a decrease in the shear
Organic acids stress. With a further decrease in the diameter
recalculated 0.52+0.01 | 0.87£0.05 | 0.95£0.05 | 1.09+0.05 | of the particles, there is such a tendency to
for malic acid reach a value of 0.5 mm, after which the lim-
Folic acid 0.60+0.01 1.2£0.05 1.8+0.05 2.4%0.05 ltlng shear stress practicauy does not Change,
Vitamin A | pg per 100 g | 6.05+0.01 7.40%0.02 10.8+£0.02 14.2+0.02 The regulting dependences (Fig. 4) show
Vitamin K 1.05£0.01 | 3.86+0.02 | 5.79+0.02 | 7.72+0.02 | thatin order to effectively conduct the process
Vitamin By 0.042£0.01 | 0.074£0.01 | 0.011+0.01 | 0.015£0.02 | of concentration in the RFE and subsequent
Vitamin By 0.042+0.01 |0.0082+0.001{0.0013+0.001[0.0164=0.001| pasteurization in the stream, namely, intensive
Vitamin By 0.31+0.005 | 0.54+0.005 | 0.67+0.005 | 0.81+0.005 | movement in a thin layer of the product film,
Vitamin B; | mg per 100 g| 0.75+0.01 1.2+0.05 1.8+0.05 2.4+0.05 it is rational to grind the starting raw mate-
Vitamin B 0.01£0.001 | 0.03+0.001 | 0.04+0.001 | 0.05+0.001 | rials to the particle size in the range from 0.1
Vitamin C 25.120.85 | 42.82+1.25 | 49.7041.25 | 56.59+1.25 | to 0.5mm (81..92 Pa). Such average particle
Vitamin E , 0.1+0.001 | 0.17£0.001 | 0.20+0.0001 | sizes provide the formation of a stable move-
Low-mo- ment of thinner films on the heat-transmitting
lecular surface of film devices, which significantl
polyphenolic | ™8 P 100g| 256+120 | 652.25£2.5 | 7397425 | 874.5%2.5 increases the heat transfer coefﬁcieft, In addi)—f
compounds tion, the resulting structural and mechanical
Tanning % 0064001 | 0184001 | 0212001 | 027001 | indicators will make it possible with greater
substances accuracy to carry out calculations of hydrome-
Potassium 582.8+2.0 501.8+2.0 478.9+2.0 456.0+2.0 chanical and thermal processes.
Calcium 33.5+1.15 32.5+1.15 32.0+1.15 31.5+1.15 To determine the Changes in the heat
Magnesium g per 100 g 18.5+0.05 | 17.9+0.05 | 17.6£0.05 | 17.5£0.05 | transfer coefficient depending on the particle
Sodium 37.5+1.15 | 355+1.15 | 30.7x1.15 | 259+1.15 size of the blended fruit-and-berry puree, a
Phosphorus 18.5£0.05 | 14.5£0.05 | 13.840.05 | 16.1£0.05 | study was conducted to determine the heat ex-
Manganese 35.5£1.5 67.2£1.5 100.8£1.5 | 134.4%1.5 | change characteristics of the RFE to establish
Phytosterols | M8 PeT B 34196220 | 4066420 | 471.95+2.0 the effect of the e.ffec.tive viscosity of fruit—apd—
1000 g berry puree, which is concentrated according
Active B 394045 3245015 | 3212015 | 317£015 | O th.e technology. The process of concentra-
acidity tion in RFE takes place from the content of

3. 2. Determining the effect of dispersion of blended
compositions on the heat transfer coefficient during con-
centration

To establish optimal modes of heat treatment in the im-
proved technology of production of functional pasty fruit-and-
berry semi-finished products, in particular during concentra-
tion and pasteurization, it becomes necessary to calculate the
dispersion (size) of the particles of the processed raw materials.
The optimal implementation of the technological stage of
grinding provides regulation of the dispersion of the semi-fin-
ished product, the impact on the qualitative nature of the
interaction of the blended components and handling during
heat treatment, storage and subsequent formation of food prod-
ucts based on it. The particle size of the developed functional
blended fruit-and-berry puree during the determination of
structural and mechanical characteristics was changed in the
range from 0.1 to 2 mm. To change the particle size of the puree,
the final size of the holes of the rubbing sieve was varied from
0.1 to 1.5 mm, while the DM content of the original puree after
rubbing was 15...16 %. The structural and mechanical depen-
dences on the particle size of the blended puree shown in Fig. 4
are characterized by a tendency to reduce the indicator of the
limiting shear stress with a decrease in dispersion.

The prototypes presented are a dispersed system involv-
ing particles of pulp and cell sap. In the presence of large

dry substances of the puree of 16...17 % to the

obtaining of the blended paste with the DM
content of 28..30 %. To obtain prototypes of purees in the
process of rubbing, their particle size was changed in the range
of 0.1...1.5 mm, and the flow rate of the initial product was ad-
justed within G-10%=0.6...2.4 kg /s. The rotational speed of the
mixing element (rotary device RFE) was maintained at 1.6 s7".
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Fig. 4. The dependence of the shear rate on the particle size
of the raw material (mm) =20 °C: ®- 0,1;M—0,5 & —0,8;
®-1;x-15



The results of the study of heat exchange indicators of
RFE depending on the consumption of the product and the
dispersion of the fruit-and-berry semi-finished product are
shown in Fig. 5.

4000 -
o, W/(m™K)
3800 ~
3600 —
3400 .;/
G-10°, kg/s
3200
0,5 1,0 1,5 2,0 2,5

Fig. 5. The dependence of the heat transfer coefficient a on
the consumption of the product G at the size of the puree
particles, mm: - 0,5;M—0,8; &—15

From the presented dependences, it was determined that
the value of a when using puree with a particle size of 1.5 mm
reaches a maximum heat transfer at a lower cost of raw mate-
rials. The nature of the curve indicates that the heat transfer
coefficient is influenced by a change in the consumption of
the product and, upon reaching the extreme, tends to de-
crease (Fig. 5). The decrease in the heat transfer coefficient
after the extreme is explained by the fact that the blades of
the mixing element are not pressed against the heat transfer
surface due to the viscous friction forces of the raw material
and stir only the surface layer of the product. The maximum
values of the heat transfer coefficient for puree prototypes
with a particle diameter of 0.5; 0,8; 1.5 mm, are equal to
3863; 3800; and 3646 (W/m?2K), respectively. The decrease
after the maximum of the characteristic of the heat trans-
fer coefficient is explained by the presence in this interval
during mixing on the edge of the blade of a significant part of
the product “nasal wave”. Due to this, there is a decrease in
the contact of the product with the heating surface, thereby
the concentration process is less effective.

It is worth noting that the processed product wakes up,
and as a result of this, the time the product stays on the
surface that transfers heat decreases. The heating zone of
the product increases under heavy loads, which leads to a
decrease in the heat transfer coefficient. Thus, the value of
the heat transfer coefficient during the concentration of the
prototype of puree with a particle size of 0.5 mm has a higher
rate, by 6 %, compared to the sample of puree in which the
particle size is 1.5 mm. Thus, our results of heat exchange
indicate that for more intensive concentration process, it is
necessary to grind the starting raw materials to a particle
size of 0.5 mm. These data fully confirm the results of studies
of structural and mechanical characteristics when the diam-
eter of the dispersed phase of fruit-and-berry puree changes.

6. Discussion of results of the production of functional
fruit-and-berry paste using improved technology

To test the improved technology of production of func-
tional pasty fruit-and-berry semi-finished products and fur-

ther use in the production of special-purpose food products,
plant raw materials with a high content of functional and
physiological ingredients, immune-stimulating effect, and
phytosterol content were selected. Namely, it is proposed
to use: apple (Antonivka variety), Ziziphus jujuba (Ta-yang-
tsao variety) and blueberries (Toro variety) with subsequent
blending according to the recipe ratio (Table 2) for the en-
richment of PFI and acquisition of competitive organoleptic
and consumer properties.

A feature of the improved technology is the use of vacu-
um film concentration in a rotary film evaporator at gentle
low-temperature parameters to the content of DM 30...32 %
for 45...50 s at a temperature of 60...65 °C. In addition, to
reduce the duration of heat treatment of plant materials
and the viscosity of the original puree, it was preheated to
48...50 °C before concentration. In addition, it is proposed
to pasteurize concentrated paste in a continuous way in a
scraper heat exchanger at a temperature of 95...98 °C in the
stream followed by packing in hermetic aseptic containers.

To organize a high-quality concentration process, the
structural and mechanical indicators of purees and pastes
obtained according to the formulation ratio (Table?2) in
accordance with the improved technology were determined.
The indicator of effective viscosity (Pa-s) of puree according
to the recipe ratio is: 1 — 291; 2 — 358; 3 — 382, and in the con-
trol — 57, respectively, and therefore the viscosity of the sam-
ples is 5...6.7 times different from control (apple puree, Fig. 2).
The effective viscosity (Pa-s, Fig. 3) of pastes for the pro-
posed formulation ratios is: 1 — 543; 2 — 605; 3 — 634; and
control — 176, respectively. The blends of fruit-and-berry
pastes obtained using the developed technology have effec-
tive viscosity indicators of 3.08...3.6 times higher compared
to control (apple paste). To confirm the choice of the optimal
percentage of blends, their organoleptic assessment by an
expert board was carried out (Table 3). It was established
that composition 3 with a formulation ratio of components:
apple — 45 %; Ziziphus jujuba — 35 %; blueberries — 20 % is
characterized by better organoleptic indicators compared to
other compositions. The content of physiologically function-
al ingredients of experimental blends obtained according
to the proposed formulation ratio and improved technology
for the production of functional pasty semi-finished prod-
ucts (Table 4) compared to control (apple paste) has also
been determined. Our results confirm the advantage of the
blended composition 3 compared to the control character-
ized by a high content of dietary fiber by 3.8 times, vitamin
C by 2.25 times, and the presence of phytosterols by 471 mg
per 1000 g (Table 4).

To establish the optimal modes of heat treatment in the
improved technology of production of functional pasty fruit-
and-berry semi-finished products when concentrating in
RFE, structural and mechanical dependences on the particle
size of the blended puree were determined (Fig. 4). It has been
established that the presence of large particles (1...1.5 mm) —
cell sap in suspension is not enough, which will ensure the
occurrence of friction forces during the application of shear
forces and the occurrence of maximum values of the limiting
shear stress equal to 167...242 Pa. Effective concentration in
RFE followed by pasteurization in the stream with intensive
movement in a thin layer of the film of the product is rational
when grinding the starting raw materials to a particle size of
0.1 to 0.5 mm (81...92 Pa). We also determined the change
in the heat transfer coefficient depending on the particle size
of the blended fruit-and-berry puree based on the predeter-



mined heat exchange characteristics of the RFE to establish
the effect of the effective viscosity of the fruit-and-berry pu-
ree, which is concentrated according to the technology. The
process of concentration in RFE was implemented from the
content of DM puree 16...17 %, and in the resulting blended
paste to the content of DM — 28...30 %. From the presented
dependences, it was determined that the value of a when us-
ing puree with a particle size of 1.5 mm reaches a maximum
heat transfer at a lower cost of raw materials (Fig. 5). At the
same time, the maximum values of the heat transfer coeffi-
cient for puree prototypes with a particle diameter of 0.5;
0.8; 1.5 mm are equal to 3863; 3800; and 3646 (W/m?K),
respectively. Thus, the value of the heat transfer coefficient
during the concentration of the prototype of puree with a
particle size of 0.5 mm has a higher rate by 6 % compared to
the sample of puree in which the particle size is 1.5 mm. In
addition, these data confirm the results of studies of struc-
tural and mechanical characteristics when the diameter of
the dispersed phase of fruit-and-berry puree changes.

The relevance of our experimental and practical studies
is confirmed by the approbation of the improved technol-
ogy for the production of functional pasty fruit-and-berry
semi-finished products. phytosterols, and as a result, im-
mune-stimulating action. The proposed technology will
make it possible in the future to use the obtained functional
paste in the production of special-purpose food products,
which will have a high content of functional and physiolog-
ical ingredients, phytosterols, and as a result, immune-stim-
ulating action. Thus, this will expand the competitive range
of “healthy foods” by replacing raw materials with a low
content of physiologically functional components with a
multicomponent composition, to ensure a complete diet,
including the military and doctors.

The advantages of the improved technology are the ra-
tional selection of fruit-and-berry blends with a significant
content of PFI, the use of mild modes of concentration and
subsequent pasteurization in the stream, which will ensure
the preservation of natural properties and competitiveness
of the equipment and technological complex. In addition,
functional fruit and berry paste can be used as a natural raw
material with a high content of low-molecular phenolic com-
pounds, which will make it possible to abandon synthetic
dyes and give new products original organoleptic properties.

It should be noted that despite some experience in adding
blended pastes to a variety of foods to increase their health
effect, it is necessary to determine the structure-forming
properties to obtain the desired consistency. To study the
effect of heat transfer of plant semi-finished products, simu-
lation modeling is partially used [20], but in practice there
are certain differences that require a quick response to obtain
high quality and preserve the initial properties of raw materi-
als. The resulting high-quality natural semi-finished products
are widely introduced, in particular in innovative technol-
ogies for the production of confectionery [21], but require
a clear definition of the mechanisms of structure formation
when adding plant materials for the production of products
enriched with PFI. Further research will be aimed at deter-
mining the regime parameters during pasteurization of the

developed fruit-and-berry paste in a scraper heat exchanger.
Development of recipes for food products for special purposes.
In addition, it will be relevant to conduct research aimed at
determining the timing and conditions of storage of paste.

7. Conclusions

1. The effective viscosity (Pa-s) of the mixtures of the orig-
inal purees (DM 16...17 %) and prepared pastes (30...32 %)
and an increase in the viscosity of pastes compared to
puree was found, by 1.65...1.85 times. Our data indicate a
strengthening of the structure of the resulting functional
paste, which, compared to the control sample, has an effec-
tive viscosity of 3.6 times more. According to organoleptic
quality indicators, paste 3 has an advantage (45 % apple;
35 % Ziziphus jujuba; 20 % blueberries), which is character-
ized by a 3.8-fold higher content of dietary fiber, vitamin C
by 2.25 times, low-molecular polyphenolic compounds and
tannins. In addition, the paste contains phytosterols, which
indicates the feasibility of its use as an immunostimulant
and recommend it for the creation of products with choles-
terol-lowering effect.

2. The influence of dispersion of blended compositions
on their structural and mechanical parameters and the
heat transfer coefficient in RFE during concentration has
been determined. It was established that in order to ef-
fectively conduct the process of concentration in the RFE
and subsequent pasteurization in the SHE, it is rational to
grind purees to a particle size within 0.1...0.5 mm. It was
found that the heat transfer coefficient when concentrat-
ing prototypes with a particle size of 0.5 mm has a higher
indicator by 6 % compared to the sample of puree in which
the particle size is 1.5 mm. Thus, as a result of our research,
the technology of production of functional fruit-and-berry
paste with a rational selection of components (45 % of apple;
35 % of Ziziphus jujuba; 20 % of blueberries) was improved.
A feature of the technology is vacuum film concentration of
paste in RFE under gentle modes (60...65 °C) to the content
of DM 30...32 % for 45...50 s and subsequent pasteurization
in a scraper heat exchanger at a temperature of 95...98 °C
followed by packing.
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