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Introduction. The actual scientific task is to establish the
regularities of the structure formation of marmalade on agar
polysaccharides and pectins with low sugar content (saccharose,
glucose, fructose).

Materials and methods. Rheological characteristics were studied by
rotational viscometry. Structural and mechanical characteristics were
investigated by penetration method. Marmalade with a low content of
saccharose, glucose, fructose with the correction of the content of sugars
by the addition of polydextrose and the introduction of natural flavoring
additives in the form of fruit and berry puree were used in the research.

Results and discussion. It has been established that the sweet
taste of marmalade with the use of any formulation is ensured by the
dosage of saccharose and glucose at 35 g / 100 g of product, and
fructose — by 25 g/100 g. However, the decrease in the amount of
sugars in the system is reflected in the increased index of total
deformation and proves that structural and mechanical properties
essentially depend on their content. The rheological studies of each
marmalade mass have identified a range of values of the gradient of
displacement, which recommended its transportation in the
technological process. So, for marmalade mass on agar with glucose
and saccharose y = 10-20 sec™! (t = 55+3 °C), with fructose —y = 5.4—
10 sec™!, or it is possible to use lower temperatures (t = 50+3 °C); for
k-carrageenan — for all types of sugars y = 5.4-10 sec! (t = 773 °C),
for the masses with fructose and saccharose, lower temperatures are
allowed (t = 7243 °C); on H-pectin — y = 5.4-8 sec”! (t = 85+3°C), for
mass with glucose and with fructose (t = 88+3 °C); on l-pectin — with
glucose y = 2-8 sec! (t = 8043 °C), for masses with saccharose and
with fructose y = 5-10 sec™ (t = 8543 °C).

Time of structuring of marmalade, which is lengthened in
comparison with traditional products has been established, on agar
from 60 minutes to 120 minutes, on k-carrageenan from 15 minutes to
60 minutes, on H-pectin from 12 minutes to 20 minutes. To a greater
extent, such changes are related to the introduction of a significant
amount of polydextrose for replacing sugar, which has a higher
hydration ability. The most springy properties has marmalades on agar
and k-carrageenan, and on pectins, they are characterized by greater
plasticity.

Conclusions. The following parameters are set and
recommended: maximum speed of the rotary movement during
pumping; temperature of transportation and tempering of masses; the
duration of cooling and withstanding on the finished marmalade.
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Introduction

The range of marmalade on the market today is represented mostly by a group of jelly
marmalade, which has an attractive appearance, a diverse form, a pleasant smell and taste, it
is quite easy to make. But the high content of sugar (up to 70% along with the bloat), the
content of artificial dyes, flavors does not bring benefits to the human body. The use of sweets
congested with sugar threatens food metabolism, problems with the endocrine system,
diabetes, obesity, cardiovascular problems, etc. This is especially alerts, since children and
teenagers are the main consumers of these products, the body of which is more suitable for
allergic reactions, is sensitive to disorders of the gastrointestinal tract. According to the
recommendations of the WHO [1], all groups of the population, and especially children and
people with disturbed metabolism, should use confectionery products with low sugar content
or without it at all.

Scientists and manufacturers have proposed [2—4] prescription composition of the
marmalade "without sugar" due to the introduction of sugar substitutes and sweeteners;
xylitol, sorbitol, lactitol, isomaltitol, stevioside and sucralose. The use of fructose for the
production of low-calorie diabetic marmalade becomes very popular too [5—8]. Recently, so-
called inert structural fillers, which include polydextrose, inulin, fructooligosaccharides,
resistant starches, are increasingly used for complete or partial replacement of saccharose. In
addition to providing structural characteristics, these components, representing dietary fiber,
have valuable physiological properties. They can provide a prebiotic effect and lower the
glycemic index [9, 10].

We believe that the traditional formulations of jelly marmalade for the mass consumer
should be revised in order to reduce sugar, and expand the range with the use of other types
of sugars — glucose and fructose. This will give consumers the opportunity to choose, ranging
products for children and dietary nutrition [11, 12].

For such marmalade it is provided: introduction of an inert textured filler for replacement
of the withdrawn amount of sugar, prevention of the process of crystallization of glucose,
formation of organoleptic parameters by the introduction of fruit and berry puree [13].

Changes in the formulations of marmalade will change the parameters of the operations
of the technological process of production, — the transportation of marmalade masses to the
forming, tempering of the masses, cooling and withstanding of products.

The purpose of experimental research was to study the rheological properties and to
establish the parameters of transportation and tempering of mass, time and velocity of gel-
formation, springy-plastic characteristics of jelly marmalade.

Materials and methods
Materials

For the production of jelly marmalade with a reduced sugar content, such raw materials
were used: white crystalline sugar (Agroprodinvest, Ukraine), crystalline glucose (Twell
Sansino, China), crystalline fructose (Vitamin, Ukraine), food agar 1200 (Rokogel, Spain),
k-carrageenan (Budenheim, Germany), H-L-pectin (Hugestone, China), molasses (Intercorn
Corn Processing Industry CJISC, Ukraine), polydextrose (East Chemsources Limited, China),
dairy acid (Cosco, China), citric acid (Chi Chin, China), aromatic essences (Ungerer, USA),
potassium chloride (Agroprodinvest, Ukraine), sodium lactate (Agroprodinvest, Ukraine),
aseptic fruit and berry puree (thorn, dogwood, sea buckthorn, red and black currants,
strawberry, raspberry, blackberry and pumpkin) (Juice Plant Kodymsky, Ukraine).
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Preparation of marmalade

The technological process of obtaining marmalade mass was not fundamentally different
from the traditional, except the addition of dry caramel molasses to replace the liquid. Such
technological decision is made in order to simplify the process of preparing molasses and
transporting it to the stage of preparation of the formulation mixture, accompanied by a
corresponding reduction of energy resources. For marmalade with glucose, the introduction
of maltose molasses was (IM-55) in the ratio of 1:0.8. Puree was introduced at the stage of
tempering, in order to preserve the biologically active substances and the rich color of the
products. Polydextrose was introduced in an amount equal to dry substances to the amount
of sugars, which were withdrawn from the formulation [14, 15]. The calculated amount of
the structure-forming agent, polydextrose, molasses, were mixed, water was added from the
calculation of "mixture: water" as 1:80—100 and components were dissolved at a temperature
0f95-100 °C during 15-20 minutes. To prepare marmalade masses on agar, it was previously
swirled during 3040 minutes, after which it was heated to full dissolution and a pre-cooked
dry mixture was added to the solution. The syrup was boiled to 80% DM, cooled to a
temperature of 90 °C, puree and acid were added, mass was mixed and formed. For k-
carrageenan and H-pectin with higher temperature of the gel-formation marmalade mass was
not cooled, and the flavor components were introduced immediately after boiling. The
content of dry matter in the samples was determined by the refractometric method using the
refractometer URL (Automation, Armenia) according to the method [16]. All samples were
kept for 24 h (t = 1842 °C, ¢=75%) for complete gelation (Table 1).

Table 1
Samples of marmalade and the content of the main components g / per 100 g
s, Polydex .
Abbreviation | Gel-former Sugar trose Puree Acid
C1 saccharose 66.79 - -
M1 saccharose 45.00 24.23 thorn .
M2 agar alucose 42.21 14.08 | dogwood | 1ctic
M3 fructose 51.53 17.61 sea buckthorn
C2 saccharose 67.03 - -
M4 k- saccharose 45.62 24.61 dogwood lactic
M5 carrageenan glucose 44.40 16.16 thorn
M6 fructose 44.99 24.76 sea buckthorn
C3 saccharose 68.11 - -
M7 Hepecti saccharose 48.46 20.78 red currant i
M8 pectn glucose 40.00 21.97 pumpkin | © ¢
M9 fructose 44.75 24.70 black currant
C4 saccharose 68.11 - -
M10 Looecti saccharose 37.14 24.76 strawberry i
Ml11 pectin glucose 36.02 24.50 raspberry e
MI12 fructose 36.66 25.04 blackberry

Structural and mechanical parameters and rheological properties were determined in
samples of marmalade with reduced sugar content.
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Determination of acceptable limits for reducing sugars.

The limit of reduction of sugar was determined on the "Structural ST-1" on the basis of
the total deformation under the influence of a stable enclosure load [17, 18].

Determination of rheological properties of marmalade masses

The viscosity characteristics of the (marmalade mass) were determined on the rotating
viscosimeter "REOTEST 2.1" with the cylinder cylinder measurement system, removing the
curvatures of the kinetics of deformation (flow) at such temperature: for agar masses 5543
°C, for k-carrageenan — 75+3 °C, for pectin — 8043 °C. The measuring cylinder (rotor) H1
was selected in such a way that the gradient layer was distributed over the entire thickness of
the product layer located in the annular gap of the viscometer gauge. The measurement of
shear stress was carried out in twelve values of shear rate y in the range from 0.6 to 121.5
sec’! with successive incremental rates of shear rate [19].

In the course of studies, the tension of displacement was calculated according to the
following formula:

T=7Zxa
where: T — tension of displacement; Z — constant of measured steam; a — the value from the
scale of the recording device.

Effective viscosity of practically undamaged, 1o, Pa‘sec, and practically damaged, 1m,
Pa‘sec, system was calculated according to the formula:

n=t/y

where: y — displacement rate, sec *!.
Based on the results of the calculations, rheological curves of viscosity n = f (y) were
constructed. The nature of the destruction and the beginning of the fluidity of the system were

determined.
Determination of structural and mechanical parameters of marmalade

The structural and mechanical parameters of the marmalade were investigated using the
penetrometer AP-4/1[20]. According to the results of the research, the following indicators
were calculated: the marginal tension of displacement; total, springy and plastic deformation.
The marginal tension of displacement was determined using a conical nozzle with an angle
of 30 °C and calculated by the Rebinder formula:

P
P,=K- a
where P,, — marginal tension of displacement, Pa; K — cone constant, which depends on the
angle at its vertex Ksoc = 0,959; P — tension, Pa; £, — depth of immersion of the cone, m.

To determine the durability of withstanding samples of marmalade, the marginal tension
of displacement after every 30 minutes of withstanding was determined. Time of
withstanding was defined as a time when the marginal tension of displacement acquires
constant values, that is, it is characterized by constant springyness. The springy-plastic
characteristics of the finished products, for the purity of the experiment, were determined
after complete structuring after 24 hours [21].
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Results and discussion

Obviously, the development of jelly marmalade with reduced sugar content will undergo
significant changes in the structural and mechanical parameters, which will require solving a
number of problems.

Changing the structure, first of all, deformation of the gel, and reducing the sweetness of
the marmalade due to the decrease in the amount of sugar, are key factors in determining the
maximum permissible limit for reducing sugars. The results of the determination of the
maximum permissible limits for the reduction of sugars according to the selected factors are
presented in Figures 1 and 2.

The presented data confirms that sugars in jelly marmalade play a significant role not only in
the formation of taste, but also in structural and mechanical properties. The gradual decrease in
the amount of sugars is reflected in reducing sweetness of the products and increasing the index
of total deformation.

It was established that in agar gels, when the saccharose content is reduced from 60 to 25 g/
100 g, the deformation index increases by 26.4% (from 6.7 to 8.5%); glucose — by 17% (from 7.4
to 8.7%); fructose — by 10.7% (from 9.3 to 10.3%). In k-carrageenan gels patterns are identical,
but the effect of sugar is expressed to a much greater extent. Reducing the content of sugars leads
to a deterioration of the structure of gel and the rate of total deformation increases: with saccharose
—by 67.8% (from 10.5 to 17.6%); with glucose — by 60.3% (from 11.3 to 18.2%); with fructose-
by 47.6% (from 12.7 to 18.7%).

Along with this, organoleptically it was found that in formulations on agar polysaccharides,
the expressed sweetness is maintained with a reduction of saccharose and glucose by 40% (from
60 to 35 g/ 100 g); fructose — by 58% (from 60 to 25 g/ 100 g). This amount of sugar forms a
gel-like structure with a satisfactory strength, the samples have sweet taste, and therefore it can be
used to further improvement of the formula of marmalade with reduced sugar content.

Greater effect sugars have on the total deformation rate of pectin gels, especially on L-pectin.
It was found out that the total deformation of samples on L-pectin at extraction of saccharose from
50 to 20 g / 100 g increases by 34% (from 41.9 to 63.4%); glucose — by 16.4% (from 49.8 to
59.6%) and fructose — by 16.8% (from 43 to 51.8%). The maximum permissible limit for reducing
the content of sugars is: for saccharose and glucose—up to 35 g/ 100 g, for fructose —up to 20/100
g of product.

For samples on H-pectin, saccharose extraction from 60 to 25 g/ 100 g leads to an increase
in total deformation by 22.3% (from 16.4 to 21.1%); glucose — by 27.7% (from 18.8 to 26%);
fructose — by 20% (from 25 to 31%). By the degree of sweetness, it is recommended to reduce the
amount of saccharose and glucose —up to 35 g/ 100 g, for fructose — up to 25/100 g.

Thus, the decrease in the amount of sugars in the system is reflected in the increased index of
total deformation and proves that the structural and mechanical properties are substantially depend
on their content. Indeed, in the recommended limits of its use, it provides a sweet taste, but
decreases resistance to stress caused by a decrease in the content of dry matter in the system. The
reduction of sugar in the formulation of marmalade will also lead to the non-compliance of
physico-chemical parameters with the requirements of standard, syneresis of gel, active
microorganism development, shortening of storage periods and, probably, deformation of the
structure during storage [22]. As a negative factor, the sugaring of glucose was marked after 24
hours, despite a decrease in its amount. Therefore, the improvement of the jelly marmalade
technology with the reduced sugar content requires the solution of the following technological
problems.

172 ——Ukrainian Journal of Food Science. 2018. Volume 6. Issue 2



Food Technology ——

10 +————— T T I i |

2 | X I I I I
o | [ [ B - —A
S | 28 |
s 6 = I S - I
£ 5 I €6 + 5] I
= - = | = ° o |
< |53 + 9] ! S o 5 L !
|5} o [ -~ | |5} 3 15) |
= = o 8 | <41+ 2 o 5] I
= 37 L = = i = 5 3 |
= o 2 = I = 8 &z % I
o S I S+ 2 = |
= = g | = =} |
I I

0 ! 0 I

60 50 40 35 30 20 60 50 40 35 30 20
Amount of saccharose, g/100g Amount of glucose, g/100g
Q12 T
= i 1 I i
g I [ [ !
29
: .
[t Q
6 T 1] '
: : 5
<
b o 7]
37 e
0
60 50 40 30 25 20
Amount of fructose, g/100g
a
o18 Tm-———p—————qm— - - 021 Tmmmmmpmmmmm e m o m
= T I = T 1 l I
: || I R
S | = I 14 4 I I
212 : g g4 9 !
3 253 2 | s KL 3 5 |
< 5 B 3 5 S 8 g
< = o 2 i < 2 o b4 I
= 6 2] 2 |74 i =7 » 2 = -
g g |l & 2 s g z
= 8 i = = g i
0 ! | 0 |
60 50 40 35 30 20 60 50 40 35 30 20
Amount of saccharose, g/100g Amount of glucose, g/100g
7 e Eatatnty nE e
= T 1 I I
Q“ | | |
2 i
514 4 -1 _
< I S
= 77T o 7]
° Q
H +~
0
60 50 40 30 25 20
Amount of fructose, g/100g
b

Figure 1. Determination of the acceptable limits of reduction of sugars in jelly marmalade
on agar (a) and k-carrageenan (b)
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1. To replace the withdrawn prescription sugar amount, an inert texture filler is required to be
introduced, which will contribute to the restoration of the DM content, will allow the usual for the
consumer consistence of the product; while decreasing the energy value and the index of
glycemicity of finished products. In our opinion, polydextrose — a polysaccharide obtained by the
hydrolysis of starch, which is used as a filler for the masses without sugar, without fat, corresponds
to such requirements [23, 24]. It has the properties of food fiber and prebiotics, does not affect the
level of glucose in the blood and is absorbed independently of insulin, has a low glycemic index,
high stabilizing ability, barely sweet taste, which will not affect the taste of finished products.

2. In the technological schemes of marmalade with glucose there is a need to prevent the
process of crystallization of sugar. A scientific substantiation of the relationship between the
quality of the molasses and the obtaining of an amorphous structure of marmalade needs to
be scientifically justified.

3. There is a need for the formation of organoleptic indicators (color, smell, taste) by
introducing natural fruit and berry puree, which is released by the canning industry in a wide
range. Such approach will not only diversify the taste and color of the marmalade without
the use of artificial colorants, but will also allow its chemical composition to be enriched with
valuable biologically active substances, while acids presented in the puree will reduce the
acid consumption, the content of the dietary fiber, including pectin substances, will enhance
the structure of the marmalade.

The optimal amounts of formulations of marmalade with reduced sugar content
(saccharose, glucose, fructose) were determined by the method of planning a multifactorial
experiment (the "steep climb" method of Box-Wilson). The criterion of optimality was the
strength of marmalade gel; the amount of sugar, puree, acids were chosen as optimizing
factors. On the basis of the optimal ratios of prescription components, unified formulations
of jelly marmalade with reduced content of sugars were calculated, Table 1 [25].

The most complete description of the structure of marmalade masses in the process of
their transportation from tempering to forming will provide a study of the degree of
destruction of the structure under the influence of the rotary motion. Marmelade masses for
rheological studies were prepared according to developed and approved recipes (Table 1).
The determination was carried out at temperatures close to those of the forming of agar and
pectin masses, which prevent structural transformation. The rheological curves of the
samples of marmalade masses are presented on the figures 3—6.

The character of the obtained curves shows that all the masses in the indicated range of
the gradient of displacement differ in a high degree of structure formation. The exception is
the marmalade mass on agar, the values of effective viscosity for which are smaller than other
experimental samples. Effective viscosity for the smallest and largest displacement gradients
for each marmalade is presented in Table 2.
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Figure 6. Rheological curves of marmalade masses on L-pectin
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Table 2
Effective viscosity for marmalade masses
Effective viscosity, Pasec
- Degree of
Abbreviation of practically . destrfction, %
undamaged ststem, of practically
o damaged ststem 1 min
v=5.4 ¢! v=81 ¢

Cl 3.52 3.06 13.07

M1 4.75 3.38 28.84
M2 3.99 2.71 13.07
M3 0.42 0.35 16.67

v=0.6 ¢! y=121.5 ¢!

C2 180.5 3.26 98.19
M 4 185.25 2.86 98.46
M5 204.5 3.66 98.21
M 6 142.5 2.56 98.20

v=1.0 ¢! v=40.5 ¢!

C3 48.45 7.81 83.88
M7 86.93 7.81 91.02
M 8 151.05 9.39 93.78
M9 199.50 11.19 94.39

v=0.6 ¢! v=40.5 ¢’!

C4 175.75 8.02 95.44
M 10 213.75 8.23 96.15
M1l 85.50 6.76 92.09
M 12 218.50 8.73 96.00

For each system, a range of values for the gradient of displacement is selected, in which
the effective viscosity of the system has a value that ensures its suitability for transportation.
This indicator should provide the following values of the effective viscosity that would not
exert an excessive load on the mechanical transfer system and reduce the energy consumption
of the process. During pumping there also should not be a deep destruction of the structure
of marmelade, in order to reduce the time for further gel-formation. Consequently, the
interval of values of y can be extended to the beginning of fluidity.

It was established that the low effective viscosity of agar marmelade masses (1o 3.75
Pa-sec — with saccharose, 19 3.99 Pa-sec — with glucose and 1 0.42 Pa-sec — with fructose)
provides a rather slow destruction of the structure. On systems with fructose, the viscosity is
so low that destruction is practically not observed. This is evidence of a very slowly
structured formation of agar masses with fructose which velocity at the detection temperature
does not prevent the development of gel. In samples with glucose and saccharose, for y =27
sec’!, the fluidity of their structure begins. Consequently, the range of values y — 1020 sec’!
can be recommended for the transportation of marmalade masses on agar with glucose and
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saccharose. Samples with fructose need to be pumped under less gentle conditions or at
temperatures lower than the rest of the test samples on agar.

For carrageenan masses, fluidity begins with smaller gradients of displacement than for
agar, despite the fact that the effective viscosity of the practically undamaged ststem on k-
carrageenan is much higher than on agar. Figure 4 shows that the fluidity of the samples
begins at y-7-8 sec’!, so transportation must be carried out within the limits closest to the
destruction, = 5.4 sec’!. We believe that marmalade masses on carrageenan can be pumped
in the traditional modes, without changing the parameter. It is worth noting that the values of
effective viscosity of samples with fructose and saccharose inferior to the control sample and
sample on glucose, it supposes the possibility of transporting such masses in the selected
displacement gradient at lower temperatures.

Rheology of marmalade masses on H-pectin with the reduced content of sugars
significantly changes in comparison with other polysaccharides. The rheological curves of
the experimental samples shown in Figure 5 are higher than the reological curve of the control
sample. At the test temperature, the effective viscosity of the practically undamaged systems
with glucose and fructose significantly exaggerates this index in masses with sugar.
Therefore, the temperature at which the transport of the masses with monosaccharides will
be carried out will need to be increased in comparison with the traditional transfer modes.
The recommended gradient displacement interval is y = 5.4-8 sec™.

The rheological curves for samples with L-pectin have identical character and close
values of the effective viscosity indexes, except for the sample with glucose. This means that
the transport of such masses can be carried out according to the experimental studies (t =
80+3); for glucose — reduction is allowed. The recommended interval of values for the
gradient of displacement for samples with glucose isy = 2-8 sec™!, for saccharose and fructose
—y=5-10 sec’.

Thus, the peculiarities of the rheology of marmalade masses with a reduced content of
sugar should be taken into account when developing the Technological Instructions for
production. The interval defined for each group of marmalade masses may be extended in
comparison with the traditional recommended standards.

The structure, mechanical strength of marmalade products and, ultimately, the quality of
the finished product depends on the process of gel-formation. In the conditions of production,
the process of gel-formation occurs in different modes for the gel-forming agents: on agar,
the temperature of withstanding of marmalade is t = 10-15 °C, the duration is 30-60 minutes;
on k-carrageenans and pectins — t = 10-15 °C, duration is 12-15 min. Determination of the
parameters of the gel-formation was carried out based on the dependences of the tension of
displacement of marmalade from the time of its was withstanding. The time of gel-formation
was defined as the time for which gel with a constant tension of displacement is formed.
Dependencies are shown in Figure 7.
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Figure 7. Dependence of the tension of displacement of marmalade with saccharose, glucose and
fructose from time of withstanding
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It has been determined that the time of gel-formation of marmalade on agar with different
types of sugars should be at least 120 minutes. In this case, the samples have different
strengths (Table 3): with saccharose, the marginal tension of displacement is 3.91 kPa; with
glucose — 2.93 kPa (less by 25%); with fructose — 1.62 kPa (by 58.7% less). However, the
resulting strength is sufficient to provide the products with the necessary texture properties
typical for marmalade. The resulting marmalade has high consumer properties.

Identical dependences are observed for k-carrageenan, namely: the strength of samples
on saccharose is greater than the strength of samples of marmalade on glucose and fructose
(the marginal tension of displacement is greater by 14.3 and 46%, respectively). However,
the time of gel-formation is reducesd twice compared to marmalade on agar and is 60
minutes.

Samples with pectin have the smallest time of gel-formation: for H-pectin it is enough
20 minutes to obtain constant strength, on L-pectin — 20-30 minutes, depending on the sugar.
The dependence of the strength of the structure of the marmalade on the H-pectin differs
from the dependencies established for other polysaccharides. Among samples of marmalade
on H-pectin, samples with saccharose have, on the contrary, the least strength (marginal
tension of displacement is 2.93 kPa), and samples with fructose have the highest (the
marginal tension of displacement is 3.91 kPa).

Table 3
Indicators of the structure forming of marmalade

= Marginal

2 tension of .

Z | displacement, | Time of gel- Sp;:ﬂ of Total S[I))ll::t%z/

2 kPa formz.ltlon, formation, defor(r’natlon, defoformation,

2 . min kPa/min % %

<« min max
Ml 3.44 3.91 120 0.53 9 66.7/33.3
M2 2.62 2.93 120 0.26 27 55.6/44.4
M3 1.49 1.62 120 0.11 31 45.2/54.8
M4 2.72 3.17 60 1.51 31 51.6/48.4
MS5 2.44 2.72 60 0.46 35 51.4/48.6
M6 1.49 1.71 60 0.38 40 42.5/57.5
M7 2.72 2.93 20 1.06 61 27.8/72.2
M8 3.30 3.58 20 1.43 75 28.0/72.0
M9 3.58 3.91 20 1.63 80 31.2/68.8
MI10 | 1.82 2.06 20 0.63 81 28.4/71.6
Mil11 1.93 1.93 20 0.58 85 25.9/74.1
MI12 | 1.76 1.87 30 0.37 86 24.4/75.6

The peculiarity of the structure forming of the masses on L-pectin is the extension of the
time of gel-formation for a sample with fructose — by 10 min in comparison with saccharose
and glucose. The marginal tension of displacement of the sample with saccharose for the final
gel-formation is 2.06 kPa, with glucose is 1.93 kPa (6.2% less), with fructose — 1.87 kPa
(9.1% less).

According to the indicators determined on the penetrometer AP-4/1, the springy-plastic
deformation of the samples and their correlation were calculated. It has been established that
marmalade on agar and k-carraginina differs by springy properties (the proportion of springy
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deformationis > 50%); marmalade on pectins is characterized by greater plasticity (the
fraction of plastic deformation is > 50%). Along with this, marmalade with fructose on all
polysaccharides, except H-pectin, differs by greater plasticity. Sensory evaluation has
additionally confirmed that marmalade on pectins has more tender consistency and it is easier
to chew; marmalades on agar and k-carragin has more springy consistency.

Conclusions

The multicomponent system, the type of structure former, the type of sugar, and the
various ratios influence on the difference in the parameters of the technological process and
require separate, specific recommendations. The conducted researches have provided the
basis for making changes in the technological schemes of the production of jelly marmaladr.
Such parameters have been installed and recommended: maximum speed of the rotary
movement during transfer; temperature of transportation and tempering of masses; the
cooling time and the production of the finished marmalade.
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Introduction. The aim of the current study was to
develop a novel technique for the production of antioxidant-
rich instant black tea powder.

Materials and methods. Antioxidant-rich instant black
tea was produced by spray drying of the concentrated brew of
processed tea leaves with the incorporation of bioactive
compounds from fruits and vegetables. The quality of instant
tea produced was compared with other commercial instant tea
and tea granules.

Results and discussion. Developed instant black tea had
good liquoring characteristics, and various constituents were
also in the acceptable range. Caffeine content was generally
high in all the tea samples and ranged from 2.2% to 3.1% in
all samples. Total polyphenols content was varied between
17.38% and 22.67% and developed instant black tea has
higher polyphenols than others. Tannin content ranged from
7.42 to 10.43% in all samples, while the developed instant
black tea had the lowest content such anti-nutrient content
than others. Developed instant black tea showed the highest
potency of scavenging activity on DPPH radical followed by
commercial instant green tea and black tea granules.

Conclusion. Developed instant black tea had higher
polyphenol and antioxidant capacity than others Bangladeshi
tea which may act as a substitute for natural antioxidants and
as a promising agent for beneficial influence in human health.
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Introduction

Tea, Camellia sinensis (L.) O. Kuntze (Theaceae) is the most extensively consumed
beverage among the peoples around the world after water (Muktar and Ahmad, 2000).
Although, nowadays tea plants are cultivated all across the world, the best growth of them
can be seen in the equatorial and sub-tropical sloping lands of the world as they like torrid,
humid climate with sufficient rainfall and well-drained, slightly acidic soil (Graham, 1999).
The climate, to which the commercially grown tea plants comply, has a great influence on
their ecophysiology (Carr, 1972). The tea plants, cultivated for commercial purposes, come
from the hybrids of two specific independent ecotypes i.e., the Assam-type (var. assamica)
and the China-type (var. sinensis) (Car et al., 1972). Tea is a very popular beverage especially
due to its therapeutic property. In a conventional method, young tea leaves and buds of tea
plants (Camellia sinensis) are infused in hot boiling water before consumption. The outlook,
restorative property, flavor and aroma of tea vary based on different factors like climatic
status, topography, production, processing and different hybrids of tea plants. Based on
oxidation tea types are black tea (fully oxidized), green tea (not oxidized) and oolong tea
(partially oxidized). The factors like origin, age and processing methods vastly influence the
chemical constituents of tea leaves. Hot water helps to extract the flavor, pigment and other
soluble compounds from the tea leaves. A large portion of dry matter in tea leaves like
polyphenol is soluble in hot water.

Caffeine is a naturally synthesized product occurred by the methylation of hypoxanthine
or xanthine mostly found in tea, coffee, seeds etc. The chemical formula of caffeine is
CsHioN4O, and the chemical name is 1,3,7-Trimethylpurine-2,6-dione. It is the
methylxanthine alkaloid which can differ widely in structure and reactivity. This is often used
as psychoactive/therapeutic drugs. The amount of caffeine varies from food to food like tea,
coffee, chocolate etc. Among the dry matters of tea leaves, about 2.5-5.5% is caffeine which
provides the slightly bitter, astringent taste and flavor in tea. Caffeine has different health
effects on our body and high doses of caffeine can cause a bad impact on our health. Light
consumption of tea can result in short term headache, nausea and anxiety. An overdose of
caffeine can lead a person to different diseases like Parkinson's disease, type-2 diabetes,
hepatic diseases, and cardiovascular disease etc. Caffeine interferes with the physiological
action of adenosine receptors, a class of G-protein, to make a person vigilant. It is a
stimulating agent that plays role in our central nervous system, heart etc. It also increases the
production of urine (Komes et al., 2009).

Polyphenol is the vital quality indicators of tea which comprises 25-35% of the dry
matters of fresh tea leaves and buds. They are the essential elements providing antioxidant
property for which tea leaves are popular. The main classes of polyphenols found in tea are
flavonols such as quercetin, myricetin, kaempferol and flavanols or catechins such as (-)-
epicatechin, (-) - epigallocatechin, (-)-epicatechin-3-gallate and (—)-epigallocatechin-3-
gallate and also some complex catechins such as theaflavins and thearubigins (Wang et al.,
2000; Miean and Mohamed, 2001; Yao et al., 2006). Green tea contains more content of tea
polyphenols than oolong and black tea (Bharadwaz and Bhattacharjee, 2012).

Tannins are the bioactive compounds found in tea which are also responsible for the dark
color and astringent taste. Tea “tannins” are not similar to the other tannins like tannic acid
that are found in other plants. The extracts of tea leaves do not contain any tannic acid
(Mohammed and Sulaiman, 2009). However, tannins are responsible for antioxidant
activities for which they are considered as beneficial. Anti-oxidant activities of tannins are
the main reason behind the anti-carcinogenic and anti-mutagenic properties in tea. Apart from
this, they also provide anti-microbial properties that act in opposition to the different group
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of bacteria, fungi and viruses. The nutrition facts of different foods like vegetables, fruits,
tea, cocoa, alcoholic and non-alcoholic beverages may immensely depend on the amount of
tannin present in those foods. So the presence of tannins in high amounts may decrease the
nutritional values in those foods. This effect leads to some unexpected consequences on the
utilization of vitamins and minerals, the inhibition of activities of digestive enzyme and Iron
absorption, protein precipitation etc. (Lau ef al., 1989, Chung et al., 1998; South and Miller,
1998; Khasnabis ef al., 2015). And thus, the application of tannins plays important roles in
those effects.

Tea has a long history with the human being. From the very beginning, green tea is
providing a high amount of biologically active compounds that have been playing a
significant role in the human body. The anti-oxidative agents present in the tea leaves play a
consequential role in preventing different diseases like cancer and cardiovascular diseases
etc. (Luczaj and Skrzydlewska, 2005; Yang, 2002). Around the world, the consumers of
black tea are more significant than that of green tea. However recent researches show that
efficient consumption of tea can provide advantageous effects on the human body including
reduced risk of cardiovascular disease, certain types of cancer, inflammatory bowel, liver and
neurodegenerative diseases, diabetes, and weight loss etc. (Dufresne and Farnworth, 2001).
These health benefits of green tea are found due to its immense anti-oxidative property.
Recently numerous studies proved the extensive area of anti-carcinogenic effects of green
tea on the human body (Muzolf and Tyrakowska, 2007).

But in Bangladesh black tea is more popular than green tea among people due to its
brightness, briskness, flavor, and color. That’s why the need for antioxidant-rich black tea is
demanding nowadays. This investigation was carried out with the objectives to develop new
process technology for the preparation of antioxidant-rich instant tea and to evaluate its
quality by comparison with commercial black tea available in Bangladesh.

Materials and methods
Collection of samples

A total of 45 samples belonging to three commercial instant teas (B, C, D) and six
commercial black tea granule brands (E, F, G, H, 1, J) were collected from the local market
in Bangladesh for analysis within a period of 6 months from 1st January 2018 to 30th June,
2018. Samples were coded to overcome the sampling biasness.

Development of antioxidant-rich instant tea

For the production of antioxidant-rich instant tea, fresh green leaves were plucked from
Kodala Tea Estate, Chittagong, Bangladesh. Young tea (Camellia sinensis) shoots with two
leaves and an apical bud was naturally withered for 16 h. The withered leaf was macerated
in a laboratory hammer mill. The macerated leaf was subjected to fermentation (i.e.
oxidation) under the humid environment (30— 32 °C, 80-85% RH) for 80-90 min. The
fermented leaf is pressed in a mini hydraulic press at 3234-4312 kPa pressure for 10 min to
expel a part of juice containing soluble solids. Whereas, bioactive-rich fruits and vegetables
were collected from the local market in Chittagong city, Bangladesh and washed with water
and chopped into small pieces with sharp knives. Then transferred into respective beakers
added with absolute ethanol, and left to shake on a shaker for 72 h at room temperature. The
solvent was separated from the residue by straining. The filtrates were collected and stored

186 ——Ukrainian Journal of Food Science. 2018. Volume 6. Issue 2



Food Technology ——

at room temperature while the residues were re-extracted twice, each time with fresh solvent.
Finally, all the filtrates were combined and evaporated under reduced pressure at 60 °C using
a rotary evaporator to obtain the crude extracts. The crude extracts (5%) were added to tea
shoot juice. The juice is then heated for 2 min in a water bath at 90-100 °C till the temperature
of the juice rises to 60—70°C which causes the inactivation of enzymes responsible for the
oxidation reactions. The mixture is then subjected to spray drying (Mini Spray Dryer B-290,
BUCHI Labortechnik AG, Switzerland) to obtain instant tea powder and stored at room
temperature prior to analysis. The process flow chart for the production of instant black tea
is presented in Figure 1.

Tea Shoots Fruits and Vegetables
Withering Washing and Chopping

X

Maceration Adding absolute ethanol and
Left for 72 h at room

3 I

Fermintauon I Straining (Solvent separation) I
Pressing Evaporation at 60 °C
Juice Extract (5%)

Formulation

'

Adding Maltodextrin (5%)

'

Spray Drying

.

Instant Tea

Figure 1. Flowchart of production of antioxidant-rich instant black tea

Sensory evaluation

A group of panelists conducted the sensory evaluation of the tea according to the method
described by Potter (1968). Tea samples were evaluated for the various quality attributes
using the standard tea testing procedure. The brew was prepared for each sample by the
standard method and assessed for color, flavor, pungency, strength, mouthfeel and overall
acceptability by a taste panel. The tea samples were evaluated for degree of liking on the
basis of quality attributes of dry leaf, liquor, and infused leaf by using 9-point hedonic scales
(Overall scale used: 9= like extremely; 8=like very much; 7=like moderately; 6= like slightly;
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5= neither like nor dislike; 4= dislike slightly; 3= dislike moderately; 2= dislike very much;
1= dislike extremely) and score 5.0 was considered the borderline of acceptability. Five
experienced judges (3 males and 2 females; 25-30 years old) had been involved in the sensory
analysis of teas. The sensory evaluation was conducted between 9:30 and 10:30 am and
panelist received four samples per session. Sessions were performed in individual partitioned
booths and scores among panelists were averaged. The mean sensory score for different
quality attributes for various tea samples was determined and statistically analyzed for the
variance. The mean sensory score for the quality attributes of various tea samples is given in
Table 1.

Extractives determination

Approximately 2g of tea samples were accurately weighed in a tarred flat-bottom dish,
dried in the hot air oven for 5 hours at 1000C. After drying, the dish was removed from the
oven, cooled and weighted. Dried tea samples were transferred to a round-bottom flask with
100ml distilled water and reflux for one hour in a laboratory reflux unit. Filtration was carried
out into a 250 ml graduated flask and residue with the filter paper returned to the reflux flask,
further adding 100 ml distilled water and reflux for an additional hour. Filtered into the
volumetric flask, rinsed the reflux flask with hot water and passed the rinsing’s through the
filter. The filter was washed with hot water until the volumetric flask is filled nearly to the
mark. Then cooled, diluted to 250 ml, mixed and pipetted 50 ml into a weighed metal
evaporating dish. Finally, the solution was evaporated on a rotary evaporator and dried in the
oven. Cooled and weighed.

. . . 250 100
Water-soluble extractives = Weight of residue X — X —————
50  weightof dried tea

(Manley, 1965; Iwasa et al., 1966).
Caffeine content determination

The separation process of caffeine from the tea leaves was carried out by following a
modified method described by Atomssa and Gholap (2011); Hampp (1996); AOAC (2016).
In short, at first 5 g of tea leaves were taken into a 150 mL cleaned beaker followed by the
addition of 30 mL of distilled water and 2.0 g of sodium carbonate. Next, the mixture was
constantly boiled for 10 minutes on an electric hot plate. A small flat glass was placed on the
beaker to avoid undesirable and exceeding evaporation. The hot tea was separated by using
a strainer and placed into a 50 mL Erlenmeyer flask. The remaining tea leaves were
transferred into the beaker followed by addition of 20 mL of water. Then the previous
procedure was repeated again and the 20 mL of hot tea was transferred into the Erlenmeyer
flask. The residual tea leaves were discarded. After that, the hot tea was kept to cool at room
temperature and transferred into a 125 mL separatory funnel that was supported by a ring
stand. About 10 mL of dichloromethane was added followed by the installation of the stopper.
Then the separatory funnel was shaken gently in a swirl motion so that no bubble may form.
The funnel was frequently vented to relieve the vapor pressure created inside the funnel. After
that, the funnel was placed on the ring stand allowing the contents to settle and the stopper
was removed. Two individual clear layers were created where the emulsions between the
layers were removed by swirling the contents gently with the help of a glass rod. The lower
layer containing the dichloromethane was drained out gingerly into a 50 mL Erlenmeyer flask
so that no portion of the aqueous layer may issue. When the emulsion between the layers
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remained, it was also transferred in to the Erlenmeyer flask. Then, another 10 mL of
dichloromethane was added in the separatory funnel and the previous steps were repeated.
After that, about half a spoon of anhydrous sodium sulfate was added to the separated
dichloromethane extracts and gently shake the Erlenmeyer flask. This sodium sulfate was
added to absorb the little water dissolved in the dichloromethane which could not be
separated unexpectedly. The sodium sulfate and the water precipitated at the bottom of the
flask. Finally, the dichloromethane extract separated into a clean dry beaker and placed on a
hot water bath to evaporate the dichloromethane. The remaining caffeine was then weighted
and kept in a pre-weighed plastic bag. All the data of the amount of the caffeine were
recorded.
Calculation of caffeine percentage:

W1x100

% Caffeine =

W1= weight in g of the evaporation residue, W2= weight in g of tea/coffee used
Total polyphenols content determination

Total phenolic content (TP) was determined according to a modified method of
Bharadwaz and Bhattacharjee (2012). Firstly extraction of polyphenols from dried tea leaves
were done. 5g of tea leaves were dried and crushed and added to hot water (600C) in the
ratio 1:20 with periodical stirring to deactivate enzymes. Then the filtrate is collected and tea
solution is concentrate by using rotavapor (water bath at 600C). Then, decaffeination of tea
extract was done by adding an equal volume (about 245 ml) of CH2CI2 to the concentrate
and shaken in a separating funnel. The lower part being caffeine (chlorophyll, lipid,
carbohydrate etc.) dissolved in CH2CI2 and upper part being the undissolved remaining
concentrate. Finally, extraction of polyphenols from decaffeinated crude extract was done by
mixing 250ml ethyl acetate and 0.1 g ascorbic acid (to prevent oxidation) in a separating
funnel to the undissolved remaining tea concentrate. The mixture is immiscible, the upper
yellow part is polyphenol dissolved in ethyl acetate and the lower part is the remaining tea
solution (oil, fats, lipids etc.). The solution is then concentrated and the polyphenols were
dried and stored in a desiccator to prevent stickiness. The result was expressed in % of
extracted polyphenols for tea.

Tannin content determination

Extract preparation. Tea extract was prepared based on the principle of water-soluble
property of tannins. At first, 1 g of tea leaves and 25 mL of distilled water were taken in a
small beaker and placed on a hot plate magnetic stirrer for 5 minutes at 70°C. Next, the heated
liquor was allowed to cool. Then filtration of the tea leaves was done using Whatman no. 1
filter paper. Then, the filtrate was centrifuged at 1000rpm for 15 mins to separate the tea
extracts containing water-soluble compounds. After that, the supernatant was brought into a
screw-capped tube which was sterilized previously. Finally, the tube was stored at 4°C for
qualitative and quantitative analysis.

Qualitative analysis of tannin. The presence of tea tannins can be detected by using the
ferric chloride test. Tea tannins provide greenish color and precipitation when ferric chloride
solution is added to them. According to this principle, 1 g of tea extract was taken in a test
tube followed by the addition of 2-3 drops of 5% (w/v) aqueous ferric chloride solution. The
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reaction between them resulted in greenish precipitation which indicates the presence of
tannins in the tea extract.

Quantitative analysis of tannin. The quantity of tannin in the tea extract was estimated
by using the titrimetric method where tea extract was titrated with standard potassium
permanganate (KMnO4) solution according to the methods of AOAC (2016). During the
determination of the tea tannins by titration, reagents i.e., gelatin solution, acidic NaCl
solution and powdered kaolin were used. For the preparation of gelatin solution, 25 g of
gelatin was soaked in saturated NaCl solution for 1hr. The mixture was then heated until the
gelatin became dissolved and allowed to cool down. Finally saturated NaCl was added and
the solution was made up to 1 L. Acidic NaCl solution were prepared by measuring 25 mL
of concentrated H2SO4 in a 1L volumetric flask. Then 975 mL of saturated NaCl was added
up to the graduation mark of the flask.

Oxidimetric titration of tea extract were done by following procedures. Firstly, 5 mL of
tea extract was measured into a 500mL conical flask. Then 12.5 ml of indigo-carmine
solution and 375 ml of deionized distilled water were added into the conical flask. Then
KMnO4 was used for titration with the mixture which was prepared previously. The KMnO4
was added until the blue color of the mixture changes into final yellow with a faint pink tint
at the rim. At the endpoint, the volume of KMnO4 was recorded. This volume (Y’ mL) was
required to titrate all the tannins and non-tannin compounds present in that tea extract. The
amount of KMnO4 required to titrate the non-tannin compounds was ‘X mL’. To determine
the volume ‘X mL’, another 50 mL of tea extract was measured and added to the mixture of
25 mL gelatin solution, 50 ml of the acidic NaCl solution and 5 g powdered kaolin. Next, the
mixture was shaken followed by the filtration using Whatman no. 1 filter paper. From the
filtrate around 12.5 mL was mixed with 12.5 mL of indigo-carmine solution and 375 mL of
distilled deionized water. The whole mixture was titrated against the KMnO4 solution like
the previous procedure until the color at the endpoint turned into faint pink. Finally, the real
volume of KMnO4 required in the titration of tea tannin was evaluated from the difference
between the value of Y and X.

1 ml of standard KMnO4 solution = 0.595 ml of 0.1N Oxalic acid

1 ml of 0.1 N Oxalic acid = 0.0042 g of tannin

Antioxidant activity determination

Antioxidant capacity of the tea extracts was determined using DPPH assay as the method
described by Azlim Almey et al. (2010) with slight modifications. 6 mg of DPPH was
dissolved in 100 mL methanol to prepare Methanolic DPPH solution. An aliquot (0.5 mL) of
methanolic solution of extract containing different concentrations of 0.10, 0.20, 0.30, 0.40,
0.60, and 0.80 mg/mL were added to 2.5 mL of methanolic DPPH solution. The mixture was
gently shaken and left for 30 min in dark at room temperature. The absorbance was read at
wavelength 517 nm using UV-VIS spectrophotometer (UV-2600, Shimadzu Corporation,
USA). Control prepared by mixing 1 mL of methanol with 2 mL of DPPH solution while
methanol was used as a blank. The scavenging activity was measured as the decrease in
absorbance of the samples in comparison with the DPPH standard solution. Antioxidant
capacity based on the DPPH free radical scavenging ability of extracts calculated using the
following equation:

% inhibition=1-Absorbance of sample/Absorbance of control x100%
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Statistical analysis

The obtained data were stored in Microsoft Excel 2013 and then all statistical
analysis were performed using R Statistical Software (version 3.4.1; R Foundation for
Statistical Computing, Vienna, Austria).

Results and discussion
Sensory evaluation

The ranking of the tea samples obtained by evaluating the sensory data is developed
instant black tea)> commercial instant tea> commercial black tea. Similar observations were
made by Sinija and Mishra (2008); Someswararao and Srivastav (2012) for sensory
evaluation of tea. All the quality attributes for instant tea and tea granules were rated from
like extremely to moderately.

Table 1
Sensory evaluation of analyzed tea samples
Tea Samples The degree of liking/hedonic scale score (1-9)
Kinds of Tea Sample Color Flavor | Pungency | Strength | Mouthfeel
Developed A 8.8 8.7 7.6 8.1 8.6
Instant Black
Tea
B 8.6 8.2 8.3 7.8 8.4
Commercial C 7.2 7.4 6.8 7.9 7.8
Instant Tea D 6.9 7.2 6.9 8.0 7.9
E 8.3 8.1 7.1 7.8 7.8
F 8.4 8.4 7.5 7.7 7.5
Commercial G 8.5 7.9 8.1 7.9 7.9
Black Tea H 7.8 8.1 8.0 8.1 8.0
1 8.4 8.4 8.2 8.3 8.1
J 7.9 8.3 7.8 7.6 7.4

Overall scale used: 9= like extremely; 8=like very much; 7=like moderately; 6= like slightly;
5= neither like nor dislike; 4= dislike slightly; 3= dislike moderately; 2= dislike very much;
1= dislike extremely.

% Extractives of Tea

Percentage of Extractives in tea samples determined are reported in Table 2. As
Percentage of Extractives is an indicator for black tea granules, in this study only commercial
black tea samples were analyzed and values were within 11.29% to 38.62%. Some values
were less than the legal limit of Bangladesh Standards and Testing Institution (BSTT) (30%)
that could be the indication of spent tea leaves, i.e., those that have been infused, dried and
re-used (Hosen et al,, 2014).
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Caffeine

The amount of caffeine in different tea samples tested was in the range between 2.2% to
3.1% (g/100g materials). The order of caffeine concentration in tea samples types was found
as follows: Commercial Black Tea Granules > Commercial Instant Tea > Developed Instant
Black Tea. Results obtained were higher than caffeine (%) reported by Rabiul Islam ef al.
(2013) and similar to data reported by Rahman ef al. (2012) and Hosen ef al. (2014). The
quantitative differences obtained among different kinds of tea is probably due to the method
of processing of each kind since caffeine sublimes without decomposition upon exposure to
heat, therefore it should be expected that caffeine could be lost during fermentation and
processing. Also, the differences of caffeine quantity and consequently the percentage may
be due to the different time of harvesting of leaves of the plant.

The caffeine content in standard black tea brew varies between 60 and 115 mg per cup
and in a cup of instant tea is 40 mg caffeine content of developed instant black tea was found
2.2%. This showed that the efficiency of conversion of caffeine during processing increases
after extracting a part of the juice. Thus, it is seen that the instant tea produced by this method
are comparable to that of standard black tea in major chemical constituents. Caffeine the
major component of tea and regarded as a stimulant; excess of it can cause impairment of the
mechanical properties of growing bone in early life (Oh et al., 2004).

Table 2
% Extractives, Caffeine, Tannin, Total polyphenol content of analyzed tea samples
Tea Samples Extractives Caffeine Total Tannin
Kinds of Tea Sample (%) (%) Polyphenol (%) | (%)
Developed Instant A - 2.2% 22.67% 7.42%
Black Tea
B - 2.4% 17.45% 8.56%
Commerecial Instant C - 2.5% 17.96% 8.49%
Tea D - 2.8% 17.38% 8.03%
E 27.41% 3.1% 18.01% 9.8%
F 21.74% 2.6% 19.67% 9.01%
Commercial Black G 14.58% 2.9% 18.71% 9.72%
Tea H 38.62% 3.1% 22.56% 10.28%
| 11.29% 2.6% 18.71% 9.89%
J 34.61% 3.0% 21.72% 10.43%

Results are means + standard deviation of triplicates

Total polyphenols content

Total polyphenols of analyzed tea samples were ranged between 17.38% and 22.67%.
Kerio et al. (2013) found total polyphenols in processed teas from the purple leaf colored
cultivars ranged from 17.1% to 21.1% for aerated, is similar to the recent study. The results
higher than findings of Rahman et al. (2012) who found the polyphenol content of 11.23%
to 14.85% in various teas and coincidence with the finding (19.33%) of Bharadwaz and
Bhattacharjee (2012). Lin ef al. (2003) reported that tea leaves contain high phenolic
components which account for 25 - 35% on the dry weight basis. Soluble polyphenols
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constitute about 15% of black tea but this variation may occur due to the different variety of
tea, its geographical origin, environmental conditions and agronomic situations. As the
contents of polyphenol found in this study were high in comparison to Lin et al. (2003) this
may be due to the fact of oxidation of flavanols, flavandiols and theogallin during the
conversion of fresh leaf to processed tea. In this study, developed instant black tea was found
to have higher polyphenols as compared to others (Table 1). Besides, no significant variation
was found between the polyphenol content of commercial instant tea samples because of their
homogenous nature in comparison with other varieties (p > 0.05). In this analysis,
Commercial black tea samples show significant variation in polyphenol content which is
higher than all.

Tea polyphenols have been reported to have strong antioxidant property and free radical
scavenging activity due to possession of a phenolic hydroxyl group attached to the flavan-3-
ol structure. Free radicals are generated constantly due to the metabolism of food ingredients,
physical stress, and oxidative stress mediated by various environmental
pollutants/chemicals/toxins, radiation etc. These free radicals are implicated in numerous
disorders in human such as cancer, angina pectoris, neurodegenerative diseases and
atherosclerosis (Lobo et al., 2010). As the developed instant black tea has higher polyphenols
than others it will have a beneficial effect against these diseases.

Tannin content

Results of tannin content in different samples of tea have been presented in Table 1. It
was found that samples of commercial black tea had higher tannin content than commercial
instant tea and developed instant tea. Tannin content in black tea ranged from 9.01 to 10.43%.
Highest tannin content in the studied was found in sample J. Developed instant black tea had
the lowest tannin content of 7.42%. Results were similar to the study of Ushir et al. (2011)
7.99 to 9.82% and lower to the reported value of Khasnabis et al. (2015) 11.76 to 15.14%.
Differences in tannin contents of different tea samples may be due to the difference in the
process of manufacture, aging of tea leaves or the differences in climate and soil texture. Tea
tannin, different from tannic acid, is a type of polyphenol present in tea leaves. Kaur et al.
(2015) estimated the total polyphenolic content of 10 samples of black tea and 6 samples of
green tea. They found that the total polyphenol content in green tea (3.066+=1.911 mg TAE/g)
was significantly higher than in black tea (0.7240.55 mg TAE/g) (p<0.05). The higher levels
of polyphenols in green tea than black tea could be due to the conversion of the tea
polyphenols into thearubigins and theaflavin during the fermentation process.

Tannins have traditionally been considered anti-nutritional but it is now known that their
beneficial or anti-nutritional properties depend upon their chemical structure and dosage. If
ingested in excessive quantities, tannins inhibit the absorption of minerals, such as iron which
may, if prolonged, lead to anemia (Dommgang et al., 1998). As developed instant black tea
has low tannin content (7.42%) as compared to other black tea, consequences of such anti-
nutritional factors will be minimized.

Antioxidant activity

Antioxidant activity, measured by the DPPH method, was expressed as inhibition
percentage. Inhibition of the free radical DPPH was measured and data are presented in
Figure 2. Developed instant black tea (A) showed the highest potency of scavenging activity
on DPPH radical followed by commercial instant green tea and black tea granules. No
significant difference in potency value was observed for commercial black tea granules (E,
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F, G, H, I and J) as evident from Figure 2. When further investigated, significant differences
(p < 0.05) in DPPH inhibition were observed between commercial instant green and black
tea samples.
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Figure 2. Antioxidant activity (% inhibition) of analyzed tea samples
A — Developed Instant Black Tea;
B, C, D — Commercial instant tea brand;
E, F, G, H, I, J - Commercial black tea granule brands.

Antioxidant activities of commercial instant green tea are higher than green tea from
USA (70.1%), Sri Lanka (55.0), China (60%) and Japan (68%) (Rababah et al., 2004;
Armoskaite et al., 2011) and the values are closely related to (%) antioxidant activity of
Indian green tea (92.84%) (Sandip et al., 2012). Antioxidant activity of green tea brand of
South Africa (90.8%) was higher than that reported for in the present study for Bangladesh
green tea brand (Gadow et al., 1997). Black tea brand (81.7%) from South Africa, however,
is reported to have much higher antioxidant activity than Bangladesh black tea brands tested.
However, all instant green tea showed higher antioxidant activity than commercial black tea
granules (Figure 2). The antioxidant activity and reducing power of the tested tea samples
showed high correlation with the polyphenol content.

Conclusion

A novel technique for the production of antioxidant-rich instant tea has been established
in this investigation. The instant tea produced by this method is of good color, pungency and
other liquoring characteristics and soluble even in cold water.

Caffeine, tannin and polyphenol contents are also in the acceptable range.

The findings of the present study indicate that developed instant tea will be a good source
of plant polyphenols which may possess antioxidant, anti-inflammatory and cancer-
preventive action.
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The low content of caffeine allows its use by pregnant women, children, and people with
cardiovascular diseases and anxiety disorders as a stimulant beverage with proven health
properties.
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Introduction. The aim of researches was a rationale of possibility of the use
of different methods of thermal processing in technology of the pickled ready-to-
cook foods from wild game meat and determination of its optimal regimes.

Materials and methods. Technology of thermal processing of the pickled
ready-to cook product, meat of wild boar, marinades, barbecue is investigated
after use of the different methods of thermal processing. For determination of
content of iron the sulfosalicylic method of determination of oxide of iron is used,
and for determination of the content of zinc is used inverse voltamperometric
method. The method of determination of infra-red spectrums with the help of
device of "Infrapid" is used.

Results. The food value of meat of wild animals was estimated by
physical and chemical indexes. It is set that on physical and chemical
indexes meat of wild animals doesn't yields to meat of agricultural
animals — pork and beef, but prevail in content of albumen on 2,9—6,8%.

It's proven on that amino acid composition of meat of wild wild boar
does not yield to pork, and by such amino acids, as a valine, isoleucine,
leucine, threonine and tryptophane considerably prevails it. Also it
prevails pork by the total amount of irreplaceable and replaceable amino
acids on 2,45 and 0,81 g/100 g of protein accordingly, and its
albuminous quality index is higher on 0,35 g/100 g.

The comparative estimation of influence of different methods of
thermal treatment on the output of barbecue educed advantages of the
use of steam convector and microwave owen compared with traditional
frying and steaming. Decline of losses of content of moisture in the
finished product on 23% after processing in steam convector serves as
reason of increase of output of barbecue.

Preparations of foods in steam convector were carried out due to the
convection of hot air which was created by heating of electric tubular
heaters or gas. Permanent circulation of hot air provided the even baking
of foods in stoves and speed of their preparation. In steam convector
sprayer system of moistening is set, that is why humidity of air was in a
working chamber was regulated.

Conclusions. The recomended technological mode for preparing of
barbecue in steam converter is: t=220-260 °C, ¢=15% for 9 minutes.
Mineral composition of meat of wild boar surpass meat of pork by
maintenance of some micro- and macronutrients. High maintenance of
iron — 1500 mcg/100 g in meat of wild boar —is able to satisfy the 20%
of daytime ration of man.
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Introduction

Thermal processing is a basic reception in the technological process of production of
meat products. Mostly it is used on the finishing stage of cooking and is used with the aim of
leading the product to the culinary ready condition, and also elimination of potentially toxic
microorganisms (due to D.I.Lobanov) [1].

There are many receptions of thermal processing in technology, but in basis there are
two methods — moist and dry heating . Therefore roasting and boiling are considered as the
basic methods of thermal processing, and other methods are the variety of basic ones. In
technology of dietary products most application was found by the moist heating. Boiling of
foods is possible in great number of liquids, in a few amount of liquid or in its' own juice and
on a steam [2]. In some cases foods are processed at a mionectic temperature (on water bath),
at excessive pressure (in autoclaves) and at mionectic pressure (in vacuum pans). Large
interest, from the point of view of the use for preparation of dietary foods presents heating in
the field microwave radiation because the foods which are coocked by this method, by the
organoleptic properties approach to ones that were treated in water environment
(A.F.Maliutyn; H.N.Lovacheva, A.L.Mglinets) [3].

With the aim of intensification of process of thermal processing of foods by a steam can
be applied such varieties of this heating : treatment the overheated steam, at excessive
pressure, with a force convection [1].

Due to researches the advantages of heating of the overheated steam were educed as
compared to traditional methods. M.A. Husman marks that duration of thermal processing of
ready-to-cook foods in vehicles with the overheated steam are reduced, as compared to
heating in SHK-2A, on a 20% and output of the prepared product increases no less than 10%
with high organoleptic properties. Data which were got by Beloborodov V. and Khudov V.
testify to reduction of process of heating of different products by the overheated steam (at
pressure 2,06%105 Pascal) on 50-210% comparing to boiling in water [2].

Acceleration of process of processing of foods by using steam it is possible to attain by
heating at exessive pressure. During the increase of temperature on the surface of samples
(in comparing to heating at ordinary terms) there is a greater gradient of temperature between
layers, that creates more intensive heat-and-mass transfer into a product and stipulates
reduction of process of treatment of products. Heating at excessive pressure is widely used
in a thermal equipment that is produced abroad by different firms [4].

Realization of principle of a force convection of coolant-moderator also can assist
intensification of heating of foods by moist saturated steam (at atmospheric pressure) [5].

However an unambigiuous idea on this issue wasn't set. Researchers contradictory
determine the degree of influence of speed of steam on the coefficient of heat emission and
its' increase in comparing to the coefficient of heat emission, expected by Nusselt for a clean
immobile steam [6].

Thus, at using of steam as a working environment in thermal vehicles it is necessary to
aspire to achieve the maximal moving away of air from the swept capacity that will assist
for the best heat exchange between a coolant-moderator and processed product. Heating with
a force circulation of steam is used in steam converters that are produced in the USA and
Germany [5].

It is known that than the lower temperature of thermal processing of meat products is,
the greater outcome and the top quality of the product will be (A.A.Sokolov). That's why
heating is recommended to conduct in the way, that a temperature across the entire thickness
of product was near to minimally necessary (80°C). Observance of this condition during the
thermal processing of the meat products can be attained by the use of heating of steam-air
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mixture, the temperature of that lies in limits from 80 to 95°C. Experience of application of
this method of heating in food industry for heat treatment of sausages testifies about its'
efficiency [7].

As a number of authors (A.A. Sokolov; V.V. Karpov and other) reports, the row of
advantages has boiling of foods by steam-air mixture as compared to other methods of
heating (cooking in water, on a steam). The reduction of losses of mass, power charges,
improvement of quality of sausage are one oj the methods [8].

Thus, the analysis of data of literature allows to make conclusion, that the use of heat
treatment by steam-air mixture, by a steam at excessive pressure and with a force convection
is perspective direction of improvement of technology of production of dietary ready-to-cook
foods [5].

To most perspective types of universal thermal equipment belongs steam converter. The
wide model row of steam converters is now presented from different producers that have
different functional possibilities and price. They are divided by such rules : by the source of
heating on electric and gas; by the method of creation and serve of steam on injector and
boiler ones; on the method of management with an electromechanics and electronic
management. Among the basic foreign producers are next firms: Rational SCC (Germany),
Unox (Italy) and Abat PKA 10-1/1-P (Russia). Information about influence of the modes of
thermal processing in steam converter on quality of the prepared meat products in particular
small-sized and chopped ready-to-cook products are not enough. Zakharov A.A. notes the
use of such devices on the catering enterprises, as intensity of heat-exchange processes rises,
and also the losses of mass of meat foods (in 1,5 times) are redused in comparing to the
traditional methods of thermal processing [4].

Nowadays there is a necessity for more detailed research of influence of thermal
processing in steam-converter on quality of culinary products. Data which are got as a result
of experiments will allow scientifically to ground the choice of the modes of thermal
treatment of culinary products with the use of steam-converters [3].

Materials and methods

By material for research the meat of boar was selected; marinades; ready-to-cook foods after the
different methods of thermal processing. In process the chemical and physical and chemical methods
of researches were used. For determination of content of iron the sulfosalicylic method of determination
of oxide of iron of Fe,Os is used . Preparations of tests to the analysis were conducted by the method
of dry mineralization. Two parallel tests are thus used and one control test is also used. A method is
based on complete decomposition of organic substances by combustion of test of raw material in
electric oven at controlled temperature [5].

Preparation of the sample to mineralization. Porcelain crucibles were washed, heated
for hour at a temperature 80-90 °C in 1M solution of aquafortis, washed by the distilled
water. Before the use porcelain crucibless burn out in a muffle stove [6].

From the prepared test took batch of 1-3 g ,and carried in porcelain crucible. Added 1-
2 cM® of 0,5M solution of hydroxide of natrium and 1-2 cm® of 0,5M solution of nitrite of
natrium. Thus a standard sample must not be moistened by solution. The crucible was
covered by a lid and abandoned on 10—15 min at a room temperature, carried on a sand-bath
that is located on electric oven and dried out carefully. Then crucibless were covered by a
lid, carried in a muffle stove and maintained during one hour at a temperature 500 °C. The
crucibles were cooled then. Mineralization is considered as completed, when an ash became
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white or tinged color, without charry parts. At presence of charry parts treatment of ash
solution by nitric acid solutiob of was repeated [5].

Preparation of the sample for determination. The content of crucible was placed in a
volumetric flask of 100ml, with adding 5—10ml of a 25% solution of sulfosalicylic acid. In a
retort added to the 25% solution of ammonia to appearance of weak smell. On the measure
of neutralization of solution the pink-violet colouring passed to yellow. Surplus of ammonia
does not influence on determination.

Led to solution in a retort the distilled water to the mark.

Construction of gauge chart. In volumetric flasks of 100 ml took away: 0,2; 0,5; 1,0;
1,5;2,0; 2,5; 3,0; 4,0; 5,0 mg of the iron solution which was got earlier and took to the mark
with distilled water.

Definition (photocolorimetric definition). The painted solution was poured in a cuvette
and placed it in a right light stream. In the left cuvette of the same size was poured a "zero"
solution that was prepared as follows.

In a volumetric flask of 250 ml capacity brought in 25 ml of a 25% solution of
sulfosalicylic acid, conducted with the distilled water to 100ml and by drops added 25%
solution of NH OH of the same concentration. Led the solution with distilled water to the
mark and used for zeroizing of galvanometer.

Photocolorimetry was conducted with a blue colour filter.

Determinations of content of zinc were conducted using an inverse voltamperometric
method with the use of analyzers of ABA- 1, ABA-2.

For verification of capacity of the measuring electrochemical system, readiness of
operator to realization of this methodology, and also for audit of quality of base-line solution,
cleanness of electrodes and cell a trial test was carried out .

Preparation of base-line solution. As base-line solution an acetate buffer is used,
pH=4,6 0,1M that is got, mixing up 102 ml of 0,2-molar acetic acid and 98 ml of 0,2-molar
solution of potassium acetate .

An acetic acid was cleared in bottletight desiccator, in the underbody of which was
poured the concentrated acetic acid ,which was subject of cleaning, and on porcelain insert
was put the quartz evaporated cup with the twice-distilled water by volume of 200ml. After
2-5 twenty-four hours a cup was reached, determined the closeness of the got solution of
acetic acid on an aerometer. Distilled at that way acid was kept in a vessel from the
polyethylene of high-pressure and use for preparation of buffer solution.

Preparation of redistillate. The distilled water was additionally out-distanced with
alkaline solution of potassium manganate , periodically adding to the distillation retort of 2.3
ml of solution of otassium manganate to appearance of the pink colouring.

Preparation of potassium manganate .The solution of potassium manganate was prepared
by dissolution of 10 g solid salt in 100ml of solution of caustic soda with concentration of
1moles/1 (40g of caustic soda on 1 I of water).

Preparation of salt of gallium is from nitric acid salt of gallium. In a volumetric flask

on 500ml brought in a batch of 1,999¢g of gallium nitrate, added 1,5 ml of HNO (2:3) and
after dissolution of salt the solution was conducted by redistillate to the mark. The solution
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had a concentration of ions of gallium on the level of 0,01moles/l. During the use of waterless
nitrate of gallium the batch folded 1,279g.

Carrying out a trial test. The operating volume of cell was 10-25 ml.

The operating volume was filled by 10-25ml of solution of acetated buffer (pH=4,6)
and added 1-2 drops of solution 10 g/l of Hg and 0,2-1,0 ml of solution of Ga (III)
respectively. The cell was fixed in a holder, and made sure that auxiliary, basic and
comparison electrodes are submerged in the solution.

Before the measuring we checked up the absence of break in the chain of "basic
electrode-electrode of comparison" (for example, through appearance of air bubble),
impermeability of insulating shell basic (indicatory electrode).

Control of impermeability was carry out in the next way: in prepared to work cell with
the base-line solution inundated in it measured stationary potential of basic electrode in
relation to the electrode of comparison. If impermeability of insulating shell is broken, then
potential of basic electrode takes on a negative value instead of values of order from 0,15 to
0,4. Three cycles were conducted by measuring on the solution of background. As was
mentioned higher, every cycle includes 4 stages: regeneration of electrode at potential 0.3-
0.5 during 30.60 s, accumulation at potential — 1,3—1,45 during 30-300 s, acceleration of
solution at the same potential — 1,3.-1,45 during 10-30 s [6].

Carrying out a basic test. After carrying out a trial test from cell was deleted solution
of background and by a pipette brought portion of analysing solution a capacity even to the
swept volume of cell and added solution to gallium (III) in an amount that provides 20-
multiple surplus of ions of Ga (III) in relation to the concentration of ions of zinc in cell and
1-2 drops of solution 10 g/1 of Hg (II).

The cell was fastened and the cycles of measuring led to 4 on this solution at the same
electric modes and temporal intervals, similarly as for solution of background.

We entered addition of solution of comparison of zinc, the amount of that gets out so
that the concentration of it in initial solution increased in 2 times. A volume of additive must
not be large, not to do an error as a result of dilution of analysing solution.

The cycles of measuring conducted 3-4 times using the solution with additive.

Treatment with using the voltamperogram.

1. We identified the peak of measureable component (zinc), going out of the values of his
potential of dissolution (-0,95B). Also a peak height was measured, by measuring of
length of perpendicular from the top of peak on axis of potentials from a peak-point to
the base-line line. A contribution was conducted in millimetres. If the different scales
of registration of corn-floor are used, then the size of corn-floor is enumerated in
microammeters.

2. We calculated the mean arithmetic value of peak height, casting aside the first value
and, determining average from the next recreated heights of peak of corn-floor. An
operator fixes in a working magazine the value of analytical signal and value of sizes
which are necessary for a calculation.

h, — AV arithmetic values of height of peak of zinc in solution of background, mm or
MKA;

h, — AV arithmetic values of height of peak of metal in solution of background, mm or
MKA;

h; - AV arithmetic values of height of peak of metal in analysingsolution with addition
of solution of comparison, mm or MKA;

V., — volume of analysing solution, ml; C; — concentration of solution of comparison,
mg/l; V5 — volume of addition of solution ofcomparison, ml.
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The size of concentration of ions of zinc in analysing solution (in mcg/l) was
determined with the use of formula:
_ C1XV3X(hi—h3)
X Vxx(hz—hy)+Vsx(hz—h3)

()

Methodology of research of infra-red spectrums of meat consists in the following: the
samples of meat prepare preliminary,the pieces of meat are ground down with the help of
meat cutter machines whereupon yield to drying in a drying closet at the temperature of
1500C to permanent mass, they are dried out then. The got dry powder is sifted on
homogeneous sieves [3].

The farther sifted samples of meat are placed in cuvettes and make more compact.The
process of determination of infra-red spectrums goes next with the help of "Infrapid", that
gives an opportunity to conduct research in the interval of lengths of waves of 1330-2370
nanometers. On the finishing of determination of infra-red spectrums of meat the computer
processing of the obtained data is conducted and the chart of spectrums of reflection is built.

Results and discussion

The amino acid composition of meat of wild boar was investigated. In a table 1 amino
acid composition of meat of wild boar is given in comparing to pork.

By amino acid composition meat of wild boar does not yield to pork, and by such amino
acids, as a valine, isoleucine, leucine, threonine and tryptophane considerably prevails it.
Also it prevails pork by the total amount of irreplaceable and replaceable amino acids on 2,45
and 0,81 g/100 g of protein accordingly, and owns a higher albuminous quality index
(correlation is a tryptophane/hydroxy-proline) that prevails pork on 0,35 g/100 g of protein.

In our work the infra-red spectrums of reflection were investigational in a near area. As
objects the specially prepared samples of meat of venison, wild and domestic pork were used.

The feature of measuring of powdery samples was that all of them must have an
identical degree of grinding with the next sifting on one sieve. Samples must be kept at equal
terms. As an analyzer of infra-red spectrums the device of "Infrarapid", that gave an
opportunity to conduct research in the interval of lengths of waves — 1330-2370 nm, was
used.
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Table 1
Amino acid composition of meat of wild boar in comparing with pork,
2/100 of protein
Sample Wild boar meat | Lean meat Sgc/a;l(;&OFgA{ff) [/)Xltlgig,
Valine 4,81+0,23 4,74+0,25 5
Isoleucine 5,1+0,15 4,48+0,14 4
Leucinum 8,7+0,18 8,25+0,20 7
Lysin 7,8240,32 8,07+0,34 5,5
Methionine 2,37+0,14 2,34+0,13 3,5
Threonine 5,56+0,13 4,36+0,18 4
Tryptophane 1,37+0,05 1,10+0,04 1
Phenylalanine 3,52+0,13 3,46+0,10 6
Totally 39,25 36,8
Totally 46,29 45,48 -
Alanin 5,7240,27 5,34+0,26 -
Arginine 6,52+0,35 6,67+0,31 -
Aspartic 7,8140,22 7,45+0,23 -
Histidinum 1,57+0,06 1,49+0,04 -
Glycine 7,38+0,21 7,21£0,20 -
Glutamic acid 16,54+0,35 16,52+0,31 -
Hydroxy-proline 0,75+0,05 0,74+0,04 -
Correlation
tryptophane/ 1,83 1,48 -
hydroxy-proline

On the presented chart the brought spectrums of reflection of three powdery samples of
meat of the above-mentioned animals. As we see from the Figure 1, all of them in a complete
measure repeat each other for most stripes of reflection. But it's important to notice that
reflective ability of samples is different. The spectrum of reflection of powder of meat of
wild boar has the greatest reflective ability in this spectral range, and spectrum of reflection
of powder from meat of venison — has the least reflective ability. The analysis of spectrums
shows that inspite of the fact that chemical composition of standards obviously differs one
from other, however in the spectrums of reflection in the investigated spectral region these
differences do not appear. It is explained by the fact that it is necessary to prepare standards
with the greater degree of growing shallow for the exposure of individual descriptions. In
addition, on forming of spectrums considerable influence finds out humidity of standards,
that constantly it follows to control in a process of measurement.
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Figure 1. Spectrums of reflection of meat of different types of animals

Mineral composition of meat of wild boar surpass the meat of pork on maintenance of
a row micro- and macronutrients. High maintenance of iron — 1500 mcg/100 g in meat of
wild boar — is able to satisfy the amount close to the 20% of daily ration. This content of iron
is also related to enhanceable maintenance in it to the myoglobin that is needed for more
rapid motion of oxidizing processes for actively movable animals. High maintenance of iron
influences on the color of meat of wild animals, giving to it more intensive crimson colouring
in comparing with meat of agricultural animals.

The comparative estimation of influence of different methods of thermal treatment on
the outcome of barbecue educed advantages of the use of steam converter and microwave
radiation before traditional frying and processing on a steam. Decline of losses of content of
moisture in the prepared product after processing in steam converter serves as reason of
increase of outcome of barbecue. Also there is reduction of losses of mass of ready-to-cook
foods at microwave radiation heating in comparison with frying.

The increase of outcome of finished products at thermal processing in steam converter
is explained, by more moderate temperature conditions of heating of samples, than in a
traditional method. It causes less deep physical and chemical changes at albuminous system
of products, that results in reduction of losses of mass. By a significant index that
characterizes the change of mass of meat products during thermal treatment, their succulence
and consistency we mean is water-binding capacity. Property of meat products to hold
moisture during heating depends on content in them the adsorption-bound water, so as a loss
of moisture during thermal treatment is related mainly to the selection of weakly bound water,
as the adsorption is more firmly contained by the polar groups of proteins of meat. But during
the heating of foods part of the adsorption-bound moisture diminishes however, as a result
there is side-shifting of equilibrium to increasing of content ofweakly bound moisture that
results in the change of water-binding capacity.
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Table 2
Loss of mass and water-binding capacity of finished product after thermal treatment in
different ways

Thermal Outcome

treatment Y > | Losses, % | WBCa, % | WBCu, % pH
method °
Frying 50,0+1,2 50,0 55,3+1,8 23,4+0,9 5,7+0,09
Microwave 54,240,9 45,8 66,817 | 26,34+1,2 | 5,55+0,04
radiation heating
Processing with | 5, ,, ) ¢ 48,8 58.7+1,5 | 25,3+0,7 | 5,75+0,07
the help of steam
Processing  in | g6 .4 75 32,0 75,0412 | 49,714 | 5,65+0,03
steam converter

The data that are given in the table 2 specify on the differences of WBC of the prepared
product treated by the investigated methods. The best indexes are marked at microwave
radiation heating and at processing in steam converter, other methods of thermal processing
do not result in the substantial increase of WBC.

The changes of mass at thermal treatment of meat products are related mainly with the
losses of moisture, water soluble organic and mineral substances and predefined by a high
temperature that causes denaturation of albuminous substances and substantial reduction to
water holding capacity.

Potentiometric determination of active acidity of the prepared samples did not educe
noticeable differences in the dynamics of this index depending on the applied method of
thermal treatment of product.

Reductions of losses of mass, increase of WBC result in the improvement of tenderness
and succulence of the finished product.

Preparation of foods in steam converter comes true due to the convection of hot air
which was formed due to heating of electric tubular heaters or gas. Permanent circulation of
hot air provides the equable baking of foods in stoves and speed of their preparation. In steam
converter sprayers system of moistening is set, that is why humidity of air in a working
chamber is able to be managed.

In a table 3 these researches over of barbecue are given which was prepared by thermal
processing in steam converter at the different modes.

Table 3
Comparative description of functionally-technological properties of barbecue from game meat
during processing at the different modes

Temperature | = Qutcome, | y ' o, | WBC., % | WBCum, % pH

of processing %
220°C 67,1+1,1 32,9 67,9+1,1 55,0+1,1 5,6+0,08
240°C 69,0+0,5 31,0 68,9+0,4 54,1+0,4 5,65+0,05
260°C 61,5+1,2 38,5 59,7+0,9 35,8+1,2 5,7+0,09
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Analysing these dates of tables 3, the method of thermal processing of barbecue was
recommended in steam converter for the temperatures of 240°C, both functionally-
technological indexes and organoleptical estimation of the investigated foods were taken into
account.

Conclusions

1. The infra-red spectrums of reflection of meat of wild boar, pork and venison showed in a
near area, that the spectrum of reflection of powder of meat of wild boar had the greatest
reflective ability, and spectrum of reflection of venison — the least, in spite of the fact that
chemical composition of standards differs one from other.

2. The technological mode is recommended for processing of barbecue in steam converter
by t=220-260C, ¢=15 during 9 minutes

3. Mineral composition of meat of wild boar excels meat of pork on maintenance a row
micro- and macronutrients. High maintenance of iron — 1500 mcg/100 g in meat of wild
boar — is able to satisfy to the 20% of daily ration.
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Introduction. Research of the polyphenolic compounds
and amino acid composition of proteins, including the content
of free and bound amino acids, in protein-berry concentrates
(PBC), obtained by thermo acid coagulation are an actual
direction.

Materials and methods. Protein-berry concentrates were
obtained by thermo acid coagulation of milk proteins using
blackcurrant paste as a coagulant, which is a source of
biologically active substances — vitamins, minerals,
polyphenols and others. Amino acid composition and
polyphenolic compounds were determined by high
performance liquid chromatography followed by the
identification of individual compounds in the studied extracts
of protein-berry concentrates.

Results and discussion. The research results of
polyphenol composition were analyzed compared with the
control (blackcurrant paste) and the degree of their transition
to protein-berry concentrates was determined, which is about
55.31 % of polyphenols, including anthocyanins.

Proteins in concentrates have a full amino acid
composition and contain all essential amino acids, the content
of which from amount is 41.97 % and 43.96 %, respectively,
for protein-berry and milk-protein. A quantitative content of
18 free amino acids and 16 bound amino acids has determined
in protein-berry and milk-protein concentrates, of which
glutamic acid, histidine, methionine, leucine and proline are
dominated.

The nonessential amino acids were determined, the
content of which is 58.03 % and 56.04 % from the sum of total
amino acids in the PBC and MPC (control). The content of
essential amino acids in protein-berry concentrate has
increased by 14.75 % and the nonessential amino acids by
24.45% by the following amino acids: threonine at
0.156 mg%, lysine at 0.21 mg%, tryptophan at 0.221 mg%,
phenylalanine at 0.525 mg% compared with the control
sample.

Conclusions. The protein-berry concentrates had a
polyphenolic compound content of 331.86 mg/ 100 g, which
characterizes their natural violet color. The amino acid
composition in PBC has increased by 20.18 % compared with
the classic milk-protein concentrate, as a result of complex
coagulation of casein and whey proteins.
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Introduction

Dairy industry needs new approaches and solutions for the processing of milk for
products with multifunctional composition. The modern food products have to supply human
organism not only with proteins, milk fat and lactose, but also biologically active substances
and other essential for normal functioning substances.

The above substances include vitamins, minerals, amino acids, polyphenols and other.
The lattest are the most common group of natural antioxidants. They regulate the capillary
permeability, strengthen the walls of blood vessels, are synergists of vitamin C, and also have
the ability to determine the color and taste characteristics of products. By their antioxidant
activity, these substances are dominated carotenoids and vitamins C and E by ten folds.
Polyphenols are contained in vegetables, fruits, berries, and the products of their processing
- juices and puree [1-2].

Black currant — one of the most widespread berry crops that grow in Ukraine. Medicinal-
and-prophylactic properties are determine by fact that the berries contain vitamins,
polyphenols, macro- and microelements, polysaccharides including pectin, and others which
are necessary for a humans. Berries contain big amount of iron, phosphorus and calcium salts
in the form of organic compounds, which are easily digestible by the human body [3].

Black currant berries may be realized in the native state, frozen and in the form of paste.
Jam, jelly, syrup, wine etc. are widely used in the food production. Blackcurrant puree is
recommended for use as an additional source of biologically active substances.

The development of cheese products technology based on thermo acid coagulation of
milk proteins in the presence of functional nutrients is relevant. The source of nutrient can be
black currant, which in the form of paste is compliant on the organoleptic level with milk
base. In particular thermo acid method of milk processing, which is based on the
simultaneous coagulation of milk casein and whey proteins under the influence of acid and
high temperature, ensures the formation of a clot with maximum protein content and
increased biological value. Amino acids in free and bound states are one of the important
organic compounds involved in formation of secondary biosynthesis substances. According
to the literature [4], after proteopepsis, proteins form a “free amino acids fund” which can be
spent on the formation of new body tissues or on energy. The more of them in the product,
the easier they are absorbed by the body. Moreover, free amino acids may experience further
metabolic transformations to other low molecular weight compounds that have protective
properties [5].

Nutrition and energy value of the homogenized puree LiQberry per 100 g of the product,
not less than: proteins — 1.0 g; carbohydrates — 8.0 g, fiber — 3.0 g; 36.0 kcal/150.6 k. Physical-
chemical indicators of the homogenized black currant puree are given in Table 1 [6].

Table 1
Physical-chemical indicators of the homogenized black currant puree
Dry soluble pH value, | Polyphenols, | Organic Vitamin Pectins,
substanses, no more mg/100 g acids, C, mg/100 g/100 g
% not less than g/100 g g
than
10.0 3.0 535-597 2.0-2.5 173-233 0.9-1.1
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In our opinion, the use of blackcurrant paste as a coagulant during thermo acid
coagulation of milk proteins is a promising direction of fortification with biologically active
substances of milk-protein products and requires additional research.

The aim of this work is determination the content of biologically active substances -
polyphenolic compounds and amino acid composition in protein-berry concentrates, obtained
by thermo acid coagulation of milk proteins using blackcurrant paste as a coagulant.

Materials and methods
Materials

Object of research is a protein-berry concentrate (PBC) obtained by thermo acid
coagulation of milk proteins using a black currant homogenized paste as a coagulant. This
paste was produced in the industrial conditions by advanced technology using hydrodynamic
(cavitation) processing of raw materials on a TEK-SM devices, that minimizes the loss of
some biologically active substances in raw materials and their biochemical conversion. The
berries were treated in the said above setup according to designed regime to a necessary level
of homogenization and industrial sterility.

Method of producing protein-berry concentrates

Berry coagulant was introduced into the milk mixture with pH of 6.9 in the amount of
7 % with an active acidity of 2.8. This amount of berry coagulant changes the active acidity
in the mixture to provide a balanced isoelectric state of milk proteins in the entire volume at
pH 4.6-4.7 and leads to their active coagulation. Thermal conditioning of the milk mixture
and proteins coagulation were realized according to the classical technology with
optimization of schedule of thermo acid coagulation (t = 75£2 °C duration 2+1 min) based
on the results of previous studies [7]. The thermo acid coagulation allows more complete use
of milk proteins and especially whey proteins — the most biologically complete with the
contents of essential amino acids.

Performance liquid chromatography method

Determination of the polyphenolic composition in protein-berry concentrates was
carried out by high-performance liquid chromatography using a Promimaence LC-20
Shimadzu liquid chromatographic system (Japan). For the extraction of polyphenols, the
weight of the protein-berry concentrate was well mix up and 25 cm?® of isopropyl alcohol
were added to 10 g of PBC. The extraction was carried out in hermetic containers for 5 days
at room temperature with occasional mixing. Identification of substances in the studied
extracts was determined by comparing the retention time and the spectral characteristics of
studied substances with similar characteristics of standards in accordance with the method of
polyphenols identification. Chromatography was performed at a wave-length of 225, 255,
286 and 350 nm [8].

The determination of substances content with established affiliation to specific groups
of polyphenols was carried out using standards, the degree of similarity with which was the
most, taking into account the chemical form of the substance (aglycone, glycoside).
Affiliation of substances in anthocyanins was established with peaks in chromatograms
obtained at 530 nm. Identification of glycosides delphinidin, cyanidine, petunidin, peonidin
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and malvidin was performed by the similarity of time, the content of studied anthocyanins
with similar parameters of listed glycosides in Cabernet Sauvignon wine according to the
method [9]. Identification of galactoside and arabinosidantocyanins was carried out on the
basis of known sequence of glycoside peaks of anthocyanins in black currant berries on
chromatograms taking into account the location of glycoside peaks [10]. The content of
identified and unidentified anthocyanins was determined by the cyanidine standard. The total
content of polyphenols was determined by summing the content of substances, that found in
the peak range of flavonoids and phenolic acids in the chromatogram.

Determination of the amino acid composition in protein-berry concentrate was
realized by ion-exchange chromatography. The meaning of method is hydrolysis of the
sample to the amino acids with the following their identification by method of high-
performance liquid chromatography on the amino acid analyzer LC 3000 of the company
«Eppendorf-Biotronicy» (Germany). Hydrolysis of the sample was realized with a solution of
6N hydrochloric acid, at a temperature (120+2) °C for 24 hours. This method allows to
determine with accuracy to £ (5-10) % the presence of up to 18 amino acids with a minimum
level of their content in solution (0,5004+0,006) umol/ml. Quantitative evaluation of the
content of individual amino acids was realized comparing the peak areas on the aminograms
calculated using the Winpeak integration systems of the company "Eppendorf-Biotronic"
(Germany) to a similar level, with peak areas obtained by analyzing a standard mixture of
amino acids containing 2.5 pmol each amino acids in 1 cm? of standard solution.

The amino acid content in the protein-berry concentrate was compared with their
content in the control sample — the milk-protein concentrate (MPC) obtained according to the
classical technology (t = 9042 °C during 5 min), using an acid whey with titrated acidity 160—
180 °T as a coagulant, in the amount of 10 % from the mass of milk.

Results and discussion

At the first stage of research, the transition degree of polyphenol composition, including
anthocyanins, into protein-berry concentrates was determined, taking into account their
content in blackcurrant paste. Black currant anthocyanin complex is determined by a set of
main components: 3 glycosides and 3-rutinoside delphinidin and cyanidin, which is
unchanged for fruits of all varieties with black color [11]. Dye-ware colors of berry raw
materials are low molecular weight phenolic compounds, that refer to bioflavonoids, in
particular anthocyanins, which in plants are in the form of glycosides. In addition, the berries
contain flavones, flavonols, catechins, hydroxy-cinnamic acids, which led to the natural
purple color of protein-berry concentrates. In order to determine the transition degree of
biologically active substances, the polyphenolic composition in blackcurrant paste, protein-
berry concentrate and colored whey were analyzed. The chromatogram of the alcoholic
extract of protein-berry concentrate is shown in Figure. 1.
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Figure 1. Chromatogram of the alcoholic extract of protein-berry concentrate at 255 nm:
¢ — catechins, cat — catechin, chl — chlorogenic acid, n — naringin, rut — rutin,
glq — quercetin glycosides, q — quercetin,
1 — delphinidin-galactoside, 2 — delphinidin-glucoside, 3 — cyanidin-galactoside,
4 — delphinide-arabinoside, 5 — cyanidin-glucoside,
6 — petunidine-galactoside + cyanidine-arabinoside + petunidine-glucoside + peonidin-galactoside.

The polyphenolic composition of protein-berry concentrate is presented in Table 2
correlated with the composition of a specially-processed blackcurrant paste (control) [6].

Table 2
Polyphenolic composition of protein-berry concentrate
Content, . . Content,
Polyphenol group mg /100 g Individual substances mg /100 g
Phenolic acids 0.18 Chlorogenic acid 0.18
Catechins 57.65 Catechin 4.83
Rutin 24.00
Flavonols 34.10 Quercetine 710
Flavanones 38.38 Naringin 1.50
Delphinidin-3-O-galactoside 15.70
Delphinidin-3-O-glucoside 26.35
Cyanidin-3-O-galactoside 19.83
. Delphinidin-3-O-arabinoside 45.48
Anthocyanins 187.02 Cyanidin-3-O-glucoside 13.48
Pet-gal + Cyan-arab +
+ Pet-gluc + Peon-gal >4.30
Peon-gluc + Mal-gal 0.30
Unidentified 14.53 Peon-arab + Mal-gluc 0.65
Amount of 331.86 Malvidin-3-O-arabinoside 0.28
polyphenols
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The content of polyphenolic substances in the obtained protein-berry concentrates is
331.86 mg / 100 g. For comparison, the content of polyphenols in blackcurrant paste ranged
from 535 to 597 mg / 100 g. Probably, PBC are full-fledged ingredients for use in recipes of
cheese products for health purposes, which have antioxidant, tonic effect.

About 55.31 % of polyphenolic compounds, including anthocyanins, stay in protein-
berry concentrates. The transition degree of polyphenolic compounds into the colored whey
is 34.47 % of their total amount. This fact is caused by the fact that anthocyanins are sensitive
to temperature regimes of milk protein coagulation, which leads to their destruction.

At the next stage, the amino acid composition of protein-berry and milk-protein
concentrates (control) was investigated and it has shown that the protein fractions contain a
full set of amino acids, including essential, — this confirms their high biological value.

In protein-berry and milk-protein concentrates the free and bound amino acids content,
including essential (EAA) and nonessential (NEAA), was calculated and shown in Figures 3
and 4, respectively.

Phenvilalanine
Tryptophan
Threonine

Methionine

Lysin

Leucine

Isoleucine ¥
Valine ==

0 0.5 1 1.5 2 2.5
Concentration of amino acids in concentrates, g / 100 g

Essential amino acids

protein-berry milk-protein

Phenylalanine

Tryptophan

Threonine

Lysin

Leucine

Isoleucine

Essential amino acids

Valine

0 0,5 1 1,5 2
Concentration of amino acids in concentrates. g/ 100 g
protein-berry milk-protein
b

Figure 3. The content of free (a) and bound (b) essential amino acids in protein-berry and milk-
protein concentrates (n= 3, p<0.05)
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Figure 4. The content of free (a) and bound (b) nonessential amino acids in protein-berry and
milk-protein concentrates (n = 3, p<0.05)

According to the results (Figures 3 and 4), the total amino acids content in PBC increased
by 20,18 % compared with the control. This is characterized by an increase in the transition
degree of casein and the maximum amount of whey proteins in the concentrate, as a result of
organic blackcurrant paste action during thermo acid processing.

The maximum amount of glutamic acid in all samples was recorded. 18 free amino acids,
among which histidine and methionine predominate, and 16 bound amino acids (leucine and
proline prevail) were identified in concentrates. All essential amino acids are identified in the
PBC and MPC. Their importance is due to the fact that they are not synthesized by the body,
and the deficiency affects the protein regeneration. The content of the above amino acids
from the total amount is 41,97 % and 43,96 %, respectively.
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In addition, glutamic acid in a bound state accumulates in large quantities in protein-
berry concentrates at the level of 3,007 / 100 g, due to its high content in black currant (34,7
g/ 100 g, of which 33.2 g/ 100 g in a bound state [12]). The above amino acid plays an
important role in nitrogen metabolism, supports respiration of brain cells and performs the
function of a neurotransmitter in the human body [13]. Leucine prevails in the milk-protein
concentrare (1.732 g/ 100 g), methionine and cystine were not detected in all samples. In the
free state, histidine which is involved in the formation of proteins and affects metabolic
reactions, is present in large quantities (2.362 and 2.909 g / 100 g, respectively) in
concentrates.

Nonessential amino acids are performed important functions in the body — glucose
synthesis (alanine), take part in enzymatic processes (arginine), improve the skin structure
(proline), and some of them (cystine, tyrosine, glutamic acid) play a physiological role, no
less than essential amino acids [14]. Glutamic acid, proline and histidine are dominant in
concentrates, among essential amino acids that perform the functions of precursors in the
protein synthesis and other biologically active compounds. According to the results (Figure
4), the content of NEAA from the amount of total amino acids in the PBC and MPC is
58.03 % and 56.04 %, respectively.

Analyzing the results, we can say about the increase in the amount of EAA in the protein-
berry concentrate by 14.75 % and NEAA by 24.45 % in the following amino acids: threonine
by 0.156 g %, lysine by 0.21 g %, tryptophan by 0.221 g %, phenylalanine — 0.525 g %
compared with the control sample.

Important is the fact that the protein-berry concentrate contains 50.06 % of amino acids
in the free state, including the content of essential amino acids is 41.44 %. The resulting
patterns indicate that the protein-berry concentrate has a more easily digested form than the
classical concentrate obtained by thermo acid coagulation of milk proteins by acid whey.

Conclusion

The resulting thermo acid coagulation of milk proteins, PBC are characterized by a
content of polyphenolic compounds at the level of 331.86 mg/ 100 g and amino acids —31.14
g/100 g. This has a positive effect on the biological value of products based on them and
organoleptic characteristics. As a result, protein-berry concentrates were characterized by the
presence of violet color, that characteristic for raw materials containing anthocyanins. The
use of colored PBC as a basis for cheese products will ensure the exclusion of food colors
and flavors of artificial origin, and also will prolong their storage life.
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Introduction. Changes in the free radical scavenging
activity, the yield of phenolic compounds, ascorbic acid and
proteins content in lentil seeds of two Ukrainian cultivars were
determined during the germination period under different light
conditions.

Materials and methods. Were studied the effect of
germination on two Ukrainian varieties of lentils namely
Luganchanka and Svitanok. The total phenolics content (TPC)
in samples was determined using Folin-Ciocalteu assay, the
ascorbic acid level was determined by a colorimetric assay,
free radical scavenging activity was elucidated using DPPH
assay, changes of proteins content were found out according
to Kjeldahl's method.

Results and discussion. Results of the research have
shown that during germination in seeds highly increased levels
of the total phenolics, ascorbic acid and free radical
scavenging activity, especially under day-night photoperiod
light conditions. The proteins content in seeds at the end of
germination was a little lower comparing with ungerminated
seeds under both of light conditions.

The highest rise of TPC was fixed in lentils var.
Luganchanka on the 3—4' germination day. The increase was
about 65%.

A similar situation was with changing of ascorbic acid
level. It was higher 6 times if compare germinated and
ungerminated samples of lentils var. Luganchanka, obtained
under day-night conditions.

The antiradical activity of germinated seeds was the
highest at the end of the germination process. However,
germinating after the 5% day under studied conditions is
unacceptable, because the rotting of sprouts happened. The
lowest increase near 60% had germinated materials of var.
Svitanok that were obtained in dark conditions. The highest
increase of antioxidant activity was near 550% in samples var.
Luganchanka after germinating in day-night conditions.

Conclusions. Our results demonstrate that germinated
lentil seeds both cultivars have advantages over non-
germinated and can be useful in functional food technologies.
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Introduction

Legumes play an important role in human nutrition in many diets. Lentil is one of the
most valuable species of legumes. Its seeds are an excellent source of protein, rich in
important vitamins, minerals, dietary fiber. According to recent studies [1-5], lentil could be
considered as a prophylactic and therapeutic functional ingredient due to it sizable content of
essential micronutrients as well as phytochemicals. These components can provide anti-
inflammatory, hepatoprotective, antioxidant effects, lead to the prevention of heart diseases,
diabetes, DNA damage and other disorders [4, 5].

Germination is inexpensive and effective bioengineering process that can highly
increase the nutritional value of lentil seeds by intensive synthesis of bioactive compounds
[6, 7], desirable changes in the nutrient availability [8] and decreasing of anti-nutritional
components (phytic acid, tannins) [9]. During the germination period, the content of low-
molecular weight antioxidants such as polyphenols [10, 11], ascorbic acid, tocopherols grows
up, that provides increasing the antioxidant properties of seeds [7, 12]. The qualitative and
quantitative composition of the functional components in germinated seeds depends on many
variables, which includes soaking time, humidity, temperature, germination time, presence
of chemical elicitors [13, 14] and other biotic and abiotic factors [15, 16]. Numerous studies
have shown that the content of the synthesized components also depends on seeds variety
and places of plant cultivation [17].

The aim of our study was to determine the dynamic of free radical scavenging activity
changes, the yield of total phenolic compounds and ascorbic acid in lentils of Ukrainian
cultivars depending on the germination time, light conditions (dark or day-night photoperiod)
and the plant variety. Also changes of the crude protein content, as one of the main
component of lentil seeds were monitored.

Materials and methods

Raw materials of two Ukranian varieties of lentil (Lens culinaris) namely Luganchanka
and Svitanok were used in the study. Plants had been grown under the same environmental
conditions in the Mykolaiv region, Ukraine. Seeds were collected during summer and autumn
months of 2014 and handpicked to ensure usage of unbroken material.

Germination was done according to procedure written below. Dry seeds were cleaned
and disinfected with 1% potassium hypochlorite for 5 min, washed with distilled water to
neutral pH, soaked in distilled water for 4 h at 20 °C and placed in Petri dishes with an
adsorbent paper. Seeds were germinated for 5 days at 20 °C in two different light conditions:
in dark (D) and day-night (DN) (day — 16 h, night — 8 h) photoperiod. Seeds were kept moist
by spraying them with distilled water. The germination process was done in triplicate. The
percentage of germinated seeds was evaluated.

Experimental parameters of seeds were assayed every day during the period of
germination. Before that, seeds were air-dried at 35 °C for 8 h and milled.

The total phenolics content (TPC) of extracts was determined using Folin-Ciocalteu
assay [18]. Seeds and sprouts were subjected to extraction using 70% aqueous-ethanolic
solution. The ratio of raw material : extractant was 1:10. The extraction process had been
continued for 4 h at room temperature with intense shaking. Extracts were centrifuged at
4000 rpm for 15 min and filtered through the filter paper. Supernatants were used for further
analysis.

Ungerminated seeds were prepared as noted above to serve as a control.
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Briefly, 0.1 ml of the extract or ultra-pure water or gallic acid standard solution (0-0.2
mg/ml) was diluted with 1 ml of ultra-pure water, 0,1 ml of Folin-Ciocalteu reagent and left
standing at room temperature for 5 min. Then 2 ml of 2% sodium carbonate was added and
the mixture was incubated at room temperature for 20 min. The absorbance was measured at
765 nm with the spectrophotometer BioMate 5 (Thermo electron corporation, USA). Gallic
acid solution was used for the construction of a calibration curve as a standard. The total
phenolic content was expressed as mg gallic acid equivalent (GAE) per 100 g dry weight of
seeds.

Ascorbic acid was extracted with ultra-pure water acidified 2% meta-phosphoric acid
according to our latest procedure [19] and determined by a colorimetric assay [20].

Free radical scavenging activity of aqueous and 70% aqueous-ethanolic extracts was
determined using DPPH assay based on the activity of the stable 1,1-diphenyl-2-2-
picrylhydrazyl (DPPH) free radical as described by Brand-Williams et al. [21].

Briefly, the alcoholic solution of DPPH (1.8 ml) was added to 0.2 ml of extracts obtained
from plant materials. Samples were incubated in the dark place at room temperature for 30
min. The decrease in absorbance was measured at 517 nm by UV-VIS spectrophotometer for
all samples. The absorbance of the DPPH radical solution without antioxidant was measured
as the control (Ac). The percentage of inhibition of the DPPH radical by samples was
calculated according to the equation:

% Inhibition = [(Ac-As)/Ac] 100,

where: Ac - absorbance of the control, As - absorbance of the solution of DPPH radical with
extract or standard after the reaction.

Blank samples contained 1.8 ml of ethanol and 0.2 ml of plant extract; control sample
contained 1.8 ml of 0.04 mM DPPH and 0.2 ml of ethanol. The synthetic antioxidant ascorbic
acid was used as a standard. Antiradical activity of samples was presented as ascorbic acid
equivalent capacity and expressed as mM of the ascorbic acid equivalent (AAE) antioxidant
capacity per 1 g of seeds dry weight (mM AAE/g DW).

Total nitrogen was determined according to Kjeldahl's method [22]. Crude protein was
calculated as Nitrogen content multiply on 6,25.

Experimental results were expressed as mean +standard deviation of three replicates.
Where applicable, the data were subjected to one-way analysis of variance (ANOVA) and
the differences among samples were determined using the statistical analysis system
Statgraphics. P-value of < 0.05 was regarded as significant.

Results and discussion

The dynamic of the lentil sprouts length changing were evaluated under different
germination conditions (Table 1).

Sprouts that had been obtained under day-night photoperiod light conditions were
significantly longer than sprouts had grown in the dark. They were stronger and thicker. Their
green color was conditioned by the photosynthesis process.

The sprout’s length of the var. Luganchanka and var. Svitanok under the same
germination conditions did not differ significantly.
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The length of sprouts grown under different conditions [mm]

Germination day Lentil seeds varieties
Luganchanka | Svitanok
Light condition
D DN D DN
1 3.5+0.15 | 4402 | 340.18 | 4+0.22
2 134+0.85 | 38 1.8 | 11.5+0.7 | 32 £1.65
3 1941.05 | 52+£3.5 | 18+1.0 | 50+3.8
4 25+1.4 | 68+4 | 24=£1.5 65 +4
5 34+1.8 | 97455 | 3242 89 +4.5

Table 1

After the 5" day of germination under both of conditions, the rotting of sprouts
happened. Therefore, germination after the 5™ day under these conditions is unacceptable.
Results have shown that under day-night photoperiod it occurs the increasing of the TPC

level (Figure 1).
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Figure 1. The total phenolics content of germinated seeds obtained under different light
conditions (D, DN)
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The visible increase of TPC during germination time had lentil sprouts var.
Luganchanka, which were growing under the day-night photoperiod condition. The
maximum value of total phenolics in this seeds was on the 3—4" germination days and it was
higher than in ungerminated material on 65%. Obtained results are in agreement with those
were given in similar studies [10, 23]. Sprouts of lentil seeds var. Svitanok demonstrated a
decrease of TPC in darkness and increase under the day-night photoperiod condition.

Investigated samples, which were germinated under the day light, demonstrated more
significant increase of the TPC level in comparison to sprouts obtained in dark conditions.
This can be explained by the fact that different light conditions influence on activating prolin-
linked phentose phosphate and shikimate pathways for phenols synthesis [24].

In the similar studies [25] were shown that the level of TPC in lentil sprouts during
germination period was in a steady decline. The distinction in results can be explained by
different cultivars and environment conditions in regions of cultivation of plants. On the other
hand, authors didn’t take into consideration changes of moisture content in the investigating
samples during germination.

As in the case of polyphenols, better production of ascorbic acid was under the day-
night photoperiod condition that in the dark. But in contrast to polyphenols a maximal
increase of the ascorbic acid content was observed on the 1% day of germination (Figure 2).
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Figure 2. Ascorbic acid content in samples obtained under different light condition (D, DN)
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The ascorbic acid content in sprouts of var. Luganchanka was significantly higher than
in var. Svitanok. Also the differences in the vitamin C content in materials prepared under
the darkness and day-night conditions in var. Luganchanka was differ significantly, however,
this indexes for var. Svitanok was not considerable.

The research of two types of extracts from lentil sprouts (aqua (A) and aqueous-
ethanolic (AE)) on their antiradical activity has showed dynamics similar to results
previously described (Table 2).

Table 2
Free radical scavenging activity of aqueous-ethanolic and aqueous extracts of lentil seeds
[mM AAE/g DW]
Germination Varieties of lentil seeds
day Luganchanka | Svitanok
Light condition
D | DN | D | DN
Types of extracts from lentil seeds and sprouts
AE A AE A AE A AE A

1 34,85 | 19,91 | 42,56 | 25,56 | 22,18 11,87 | 23,45 14,93
+1,02 | £0,86 | £2,61 | +£1,08 | +1,89 +0,57 | +1,09 | +0,66
2 39,43 | 27,99 | 54,33 | 34,19 | 24,56 14,12 | 25,11 19,61
+1,71 | £1,12 | £1,99 | £1,78 | +1,64 +0,82 | +1,34 | +0,87
3 46,78 | 34,34 | 68,48 | 41,04 | 25,17 18,19 | 27,12 | 23,11
+2.89 | £1,76 | £1,66 | £2,27 | +1,34 +0,63 | +1,08 | £1,32
4 54,61 | 38,12 | 76,92 | 52,47 | 23,52 21,16 30,02 | 27,08
+1,99 | £1,96 | £2,47 | £2,51 | 42,22 +1,21 +1,46 | *1,41
5 52,46 | 41,82 | 78,63 | 61,71 | 21,18 22,88 31,41 28,12
+2,13 | £2,26 | £3,49 | £2.87 | £2,79 +1,02 | £1,62 | £1,22
non- 31,79 | 11,07 | 31,79 | 11,07 | 19,77 6,67 19,77 6,67
germinated | £2,01 | 0,63 | +2,01 | 0,63 | +0,46 +0,28 | +0,46 | +0,28

During the germination process the antiradical activity level of sprouts gradually
increased. As in the case with the content of phenols and ascorbic acid, higher activity had
sprouts which were cultivated under the day-night photoperiod condition.

By contrast to changes in levels of low-molecular compounds with antioxidant activity,
the level of crude protein content in sprouts was decline during the germination period (Table
3).

Bigger protein value had lentil of var. Luganchanka. On the 7% germination day the
protein content in both varieties were almost equal. Samples of lentil sprouts which were
obtained in the darkness had a less the protein content.

Reducing of the protein amount during germination can be explained by their
biotransformation in structural components of sprout and using as an energy source for
growth.
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Table 3
Crude protein content in seeds and sprouts during germination [g/100g]
Germination Varieties of lentil seeds
day Luganchanka | Svitanok
Light condition
D DN D DN
1 33,87 +0,89 34,17 +£1,84 28,96 £1,21 29,32 +1,12
2 33,18 £1,76 32,13 +£0,99 28,33 £1,08 29,06 £1,33
3 31,96 £1,12 30,83 £1,51 28,01 £1,67 28,61 +0,89
4 28,08 +0,87 29,77 +£0,78 27,69 +0,87 28,08 £1,19
5 27,87 +0,81 29,1 +1,43 27,17 £1,33 27,95 +1,34
non- 35,21 +1,56 35,21 +1,34 30,76 £0,91 30,76 +1,64
germinated
Conclusions

Results have shown that the germination process provided increasing the content of total
phenolics, ascorbic acid, and antiradical activity in investigated samples of lentil seeds.

Maximum values of experimental indexes were determined in seeds that were
germinated under day-night light conditions.

During the germination period, the content of low molecular weight components with
antioxidant activity was highly increased; whereas the content of such valuable component
as protein was a little decreased. Definitely, germinated seeds can be used as sources of
valuable components for preparing functional foods and supplements for oxidation-
associated diseases prevention.
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Introduction. Osteoporosis is a complex, multi-factorial
bone disease leading to increased risk of fracture. Calcium as
a nutrient is associated with the formation and metabolism of
bone. The inadequate calcium intake leads to decreased bone
mineralization and consequently an increased risk of
osteoporosis.

Materials and methods. The study group was
constituted by 104 postmenopausal women. Bone mineral
density (BMD) at the participants’ lumbar spin and hip was
measured by dual-energy X-ray absorptiometry (DXA). The
daily calcium intake (DCI) was assessed using a validated
quantitative food frequency questionnaire (FFQ). Each
participant also completed a core questionnaire that included
general demographic data as well as questions about personal
and family history of fractures, menopause onset, lifestyle
behaviors, and corticosteroids use.

Results and discussion. The mean daily calcium intake
among our study participants was 854.3+260.4 mg which is
below the calcium recommended nutrient intake (RNI) for
postmenopausal women. This study’s findings confirmed
that the reduction of the bone mineral density (BMD),
reported using T-scores, depends on age and choice of
measurement site. Our results also showed that higher body
mass and body mass index (BMI) in participants are
associated with higher BMD. The reduced bone density
among postmenopausal women was related with the
existence of previous personal fractures and the family
history of fractures in diagnosed persons. The insight into
exogenous risk factors of osteoporosis in this study showed
that the most of the participants consume caffeine every day
and have insufficient physical activity and sun exposure.

Conclusions. Education on the importance of calcium in
the diet and knowledge on the lifestyle factors that affect
bone loss are needed toward decreasing risk for osteoporosis
and related fractures in postmenopausal women.
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Introduction

Osteoporosis is a metabolic bone disease characterized by low bone mineral density
(BMD) and deteriorated microarchitecture of the bone tissue, with a consequent increase in
bone fragility and susceptibility to bone fractures [1]. The disease affects approximately 200
million people worldwide [2] and takes a huge personal and economic toll. Osteoporosis can
not be cured but results can be reached in the context of its prevention and delayed
progression [3].

The World Health Organization (WHO) classifies osteoporosis as one of the ten most
important diseases connected with the progress of civilization in the modern world. It is a
disease whose incidence increases with age. Osteoporosis can occur in different life periods;
however, women in the postmenopausal age and the elderly persons (over 70 years old) are
the riskiest population groups for its development [4]. Osteoporosis is a big public health
problem associated with age-related fracture, most frequently of the hip, vertebrae, distal
forearm and humerus [5]. The measurement of bone mineral density by dual-energy X-ray
absorptiometry (DXA) is widely used in assessing bone strength and predicting the risk of
fracture [6]. Many factors, including genetics, age, gender, endocrine system, as well as other
modifiable risk factors such as nutrition, physical activity, smoking and alcohol intake affect
bone density and can therefore influence the onset of the disease [3].

Calcium is a nutrient that is associated with the formation and metabolism of bone [7].
In the last decades, the role of calcium in bone health has been comprehensively examined
but unfortunately, there is a significant proportion of some population groups in the western
countries who fail to reach the recommended calcium intake [8]. Although adequate calcium
intake is important throughout the whole life, it is especially important in childhood and
adolescence (because of fast skeleton growth), and for postmenopausal women and elderly
persons (whose rate of bone mass loss is high) [9] . Therefore, ensuring adequate calcium
intake throughout lifetime leads to decreased risk for osteoporosis and related fractures in
adults [10].

The objectives of our study were to screen the bone mineral density and to assess the
daily calcium intake among Macedonian postmenopausal women. Also, this study was aimed
to gain insight into the risk factors that affect bone density and can therefore influence the
onset and the progression of osteoporosis.

Materials and methods

The study group was constituted by 104 postmenopausal women at the age from 49 to
82. Arithmetic mean of the examined women’s age was 64,7+7,6 years. Women were
informed about voluntary and anonymous participation in the study, and that the obtained
results were collected only for scientific purposes. Eligibility criteria for the participants
were: being postmenopausal, free of serious medical conditions and have clinical symptoms
of osteoporosis. All women underwent anthropometric measurements (body mass, height,
the calculation of body mass index (BMI)).

Bone mineral density (BMD) assessment. BMD at the participants’ lumbar spin and
hip was measured by dual-energy X-ray absorptiometry (DXA) at the Department for
Radiological Diagnostics within PHI Clinical hospital ‘Dr. Trifun Panovski’ in Bitola. Dual
energy X-ray absorptiometry is considered as a golden standard for measuring bone mineral
density and it is most common method for diagnosing primary osteoporosis which is usually
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related to age and postmenstrual period, as well as for diagnosing secondary osteoporosis
(osteoporosis caused by other factors such as hormonal imbalance, certain diseases or taking
medications) [11]. The bone mineral density measurement results were interpreted in
accordance with the operational definition of osteoporosis given by WHO [6]. BMD was
reported as a T-score, defined as the difference in number of standard deviations (SD) from
the mean BMD of a normally distributed young adult reference population. WHO proposes
four categories for women: Normal - BMD higher than 1 SD below the young adult reference
mean (T-score > -1); Low bone mass (osteopenia) - BMD between 1 and 2.5 SD below the
young adult mean (T-score < -1 and > -2.5); Osteoporosis - BMD lower than and equal to
2.5 SD below the young adult mean (T-score < -2.5); and Severe osteoporosis - BMD lower
than 2.5 SD below the young adult mean and the presence of one or more fragility fractures.

Questionnaires. Each participant completed a core questionnaire that included general
demographic data as well as questions about personal and family history of fracture,
menopause onset, lifestyle behaviors, and corticosteroids use. The daily calcium intake (DCI)
was assessed using a validated quantitative food frequency questionnaire (FFQ), that was
originally developed for measuring dietary calcium intake in Croatian postmenopausal
women [12]. The questionnaires were given to participants by researchers in person before
the participants’ X-ray absorptiometry examination.

Statistical analysis. The statistical analyses were performed with SPSS statistical
software program (SPSS version 11.0.1 PC, USA, IL). All statistical tests were considered
significant at p < 0.05.

Results and discussion

Of the total population group in this study (n=104), in accordance with the obtained
results for the T-score of the lumbar spine and T-score of the hip, 53 participants (50.96%)
showed osteoporotic, 42 participants (40.38%) osteopenic, whereas 9 participants (8.65%)
normal BMD. Personal fragility fractures were reported by 19.23%, while 8.65% of the
participants had a history of family fractures.

Descriptive characteristics of the participants, the T-score values and their DCI (mean +
SD) are presented in Table 1. It was determined that the average daily calcium intake in the
female respondents is 854.3+260.4 mg, whereas the average body mass index (BMI) has
reference 27.7+3.6 kg/m?. In average, female respondents enter menopause from the age of
47.5£4.9. The obtained results from the BMD measurement showed that at the level of the
whole population group, the average reference of T-score of the hip is -1.73£1.01 whereas
the average reference of T-score of the lumbar spine is -1.83%1.30. None of the participants
had reference BMI<18,5 kg/m?.
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Table 1
Descriptive characteristics of participants, T-score values and DCI

Min Max X SD
Age (vears) 49 82 64.7 7.6
Body mass (kg) 50 95 71.46 9.67
Height (m) 1.5 1.75 1.61 0.05
BMI (kg/m?) 20.28 39.73 27.7 3.6
Menopause onset (years) 35 58 47.5 4.9
Hip T-score -4.1 1.4 -1.73 1.01
Lumbar spine T-score -4.7 2.6 -1.83 1.30
DCI (mg/day) 366.4 1689.01 854.3 260.4

n =104, X — mean, SD — standard deviation

Pearson’s correlation coefficients were used to assess associations between T-score and
DCI, body mass, height, age and menopause onset. The results of statistical analysis are
shown in Table 2. Present results demonstrated that correlation between DCI and T-score of
the spine (r=-0.153, p=0.120), as well as the T-score of the hip (r=-0.155, p=0.115) is not
statistically significant. It was also observed that there is no significant relationship between

parameters such as participants’ age and menopause onset with T-score.

Table 2

Pearson’s correlation coefficients between T-score and participants’ age, body mass, height,
menopause onset and DCI

Lumbar spine Hip
T-score T-score
, 20.153 20.155
bCl D 0.120 0.115
N , 20.106 20.105
£° » 0.285 0.264
. r 0.033 0.020
Height > 0.739 0.838
Bodv s , 0.255% 0.377%%
Y » 0.009 0.000
, 0.245% 0.383%%
BMI D 0.012 0.000
e " , 0.029 20.058
CTOpAUSe onse » 0.771 0.556

n=104; r— Pearson's correlation coefficients,; p — probability value;
* significance level at p < 0.05; ** significance level at p < 0.01; *** significance level at p
<0.001
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The significant positive correlation was found between the body mass and T-score of the
spine (r=0.255** p=0.009), as well as T-score of the hip (r=0.377*** p=0.000). There was
no statistically significant association between the height of the participants and T-score of
the spine (r=0.033, p=0.739); and between the height and T-score of the hip (»=0.020,
p=0.838).

The significant correlation was also observed between BMI and T-score of the spine
(r=0.245* p=0.012), as well as T-score of the hip (r=0.383*** p=0.000).

Aiming to get insight into the changes of the bone density in the course of the age, the
data were rearranged to demonstrate a possible difference in the T-score values between age
groups. We divided the participants into 3 age groups: (1) from 49 to 58 years old, (2) from
59 to 68 years old and (3) 69 and older. The data are presented in Table 3.

Table 3
T-score of the lumbar spine and hip in different participants’ age groups
Hip T-score | Spine T-score
Age range n X
49-58 28 -1.679 -1.657
59-68 41 -1.566 -1.824
69+ 35 -1.951 -1.983

n — number of participants, X — mean

In order to get insight into the occurrence of (1) participants’ previous fractures and (2)
fractures among close family members, we also grouped data on the grounds of bone density
findings: participants with osteoporosis, osteopenia and normal bone mass (Table 4). It was
concluded that 20 participants had previous fractures, and 9 participants reported history of
family fractures. The data analysis showed that the majority of previous fractures occurred
in respondents with diagnosed osteoporosis (65% of the total number of reported previous
fractures). The same group of participants also reported the biggest number of fractures
among close family members (67% of the total number of fracture histories).

Table 4
Personal and family history of fracture of the participants

Previous personal Family history of
fractures fractures
Osteoporosis 13 (65%) 6 (67%)
Low bone mass
(osteopenia) 6 (30%) 3 (33%)
Normal bone mass 1 (5%) 0 (0%)
Total (n=104) 20 9

The data regarding the risk factors of osteoporosis among the participants are shown in

Table 5. The results showed that most of the participants i.e. 76.92% consume caffeine on
regular daily basis, 88.46% do not consume alcohol at all, and 69.23% do not consume food
with high amounts of salt. A relatively small number of the respondents are smokers (12.5%),
and 4.81% take corticosteroids therapy. 74.04% stated that they did not often have physical
activity, and 40.38% stated that they were often exposed to sun.
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Nutrition is consider to be an important modifiable factor in the development and
preservation of bone mass and the prevention and treatment of osteoporosis [13]. In addition,
calcium is a key element in the formation of bones and in reaching peak bone mass, and as a
result its role is very important in the primary prevention of osteoporosis [14]. Calcium intake
in adulthood and postmenopause influences the level of age-related bone loss. Therefore,
ensuring adequate calcium intake in postmenopausal women is an important step in
prevention and treatment of osteoporosis. The mean daily calcium intake among our study
participants, assessed using a validated FFQ, was 854.34260.4 mg, which is below the
Recommended nutrient intakes (RNIs): the RNI of 1000 mg/day for premenopausal women,
and the RNI of 1300 mg/day for menopausal women over 50 years old [15]. The lowest
determined daily calcium intake among participants was 366 mg/day, while the highest was
1686 mg/day. According to the previously reported data calcium intake can effectively
postpone the tendency of BMD decrease in postmenopausal women [16]. Several studies
have demonstrated that a calcium intake dose less than 800 mg/day is associated with
increased BMD loss in post- and perimenopausal women, and daily 1200 mg calcium is
suggested as a beneficial dosage [14, 16].

Table 5
Risk factors of osteoporosis among the participants
Previous personal Yes 20 (19.23%)
fractures No 84 (80.77%)
History of family Yes 9 (8.65%)
fractures No 95 (91.35%)
o
Corticosteroids therapy SI(\IZS 93 ?9‘581;2))
Daily 2 (1.92%)
Physical exercise 1-2 times a week 6 (5.77%)
Sometimes 19 (18.27%)
No 77 (74.04%)
Sun exposure Yes 42 (40.38%)
No 62 (59.62%)
Up to 10 cigarettes a day 6 (5.77%)
. Up to 20 cigarettes a day 6 (5.77%)
Smoking Up to 30 cigarettes a day 1 (0.96%)
Non-smoking persons 91 (87.50%)
Daily 4 (3.85%)
. 1-2 times a week 1 (0.96%)
Alcoholic drinks Sometimes 7 (6.73%)
No 92 (88.46%)
Daily 80 (76.92%)
Caffeinated beverages 3-5 times a week 1 (0.96%)
Sometimes 4 (3.85%)
No 19 (18.27%)
Food with high amounts Yes 32 (30.77%)
of salt No 72 (69.23%)
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The results obtained in our study showed that the highest calcium amount consumed
through diet in participants comes from milk and dairy products. The drinking water was
another significant source of dietary calcium. The important source of calcium in their diets
from the vegetable group was spinach, and from the fruit group it was oranges. Also,
participants consume tinned sardines (with bones) which are a rich source of calcium. Our
results suggest that education about the importance of dietary calcium in prevention of
osteoporosis is necessary as well as gaining knowledge of the food supplies which are rich
sources of calcium, in order to improve the dietary calcium intake. Education is especially
important if taken into consideration that the persons with poor knowledge and with low
social economic status are four to five times at larger risk to consume less calcium through
nutrition compared to others [17].

The results obtained in this study confirmed that higher body mass and BMI in
participants are associated with higher bone density, reported using T-scores. These findings
are consistent with other studies emphasing the bone mass and the BMI as a powerful
determinants of bone loss. Namely, in the research of Igi¢ and Zveki¢-Svorcan [18] it is
confirmed that there is statistically significant association between the body mass and the T-
score of the hip, as well as the T-score of the spine. Finkelstein et al. [19] have found that
during the late peri- and postmenopause, rates of spine and hip bone loss was approximately
35-55% slower in women in the top vs. the bottom tertile of body mass. It is possible that the
reasons why higher body weight is associated with slower rates of bone loss are the increased
production of estrogens by adipose tissue or/and the regulatory role of osteocytes in order to
reduce bone resorption as response to greater mechanical loading [19].

Low BMI values are considered to be a risk determinant for osteoporosis occurrence. In
our research, none of the female respondents had BMI value <18,5 kg/m?. The statistically
significant association between the BMI and the T-score of the hip, as well as the T-score of
the spine that was identified in our study is also confirmed in the research of Zveki¢-Svorcan
et al. [20], showing that there is a relationship between persons’ BMI and their lumbar spine
and hip T-scores i.e. there is association between the decreased BMD and the low BMI [20].
Kang et al. [21] found that the hip bone strength deteriorated with aging and enhanced with
higher BMI and longer time of years of menstruation in Chinese postmenopausal women.
The results from their study supported that BMD is in positive relationship with BMI which
means that higher BMI values are associated with stronger and more powerful hip bones. In
addition, low body mass index (BMI) is a well-determined risk factor for fractures, and
fracture risk differs according to fracture site [22]. De Laet et al. [23] have found that the
relationship between BMI and the fracture risk is non-linear, and the highest risk rate is at
BMI values <20 kg/m? and slight decrease of the risk is noticed at the level > 25 kg/m”. Based
on these results, special attention should be given to thin women who are at increased risk of
bone loss.

The majority of previous fractures in our study occurred in women with diagnosed
osteoporosis (65% of the total number of reported previous fractures), compared with the
participants with osteopenia (30%) and with normal bone mass (5%). The participants with
osteoporosis also reported the biggest number of fractures in their close family (67% of the
total number of fracture histories registered in the research). These results are consistent with
literature data and demonstrated that reduced bone density among women is related with
existence of previous personal fractures, as well as with family history of fracture in
diagnosed persons. De Laet et al. [24] showed that the family history of fracture is strongly
connected with the risk of fracture occurrence. Also, Invernizzi et al. [25] found an increased
risk of fractures in women with a positive family history of fragility fractures. In the research
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of Vasic et al. [26] the authors concluded that the presence of vertebral fractures is a risk
factor for future fracture occurrence. Nevertheless, this dependence is not always present,
and in a research which involved 122 respondents with average age 66.85+8.42, the authors
Igi¢ and Zveki¢-Svorcan [18] emphasize that they had not determined statistically significant
difference between the respondents with or without history of family fractures and the
occurrence of osteoporosis/osteopenia.

The rearranging of the obtained T-score values in our study within age groups confirmed
that the bone density decreases from the youngest to the oldest age group of participants;
only exception was found for the hip T-score in the age group 59 to 68. This study’s findings
are generally consistent with studies that have found that the reduction of BMD depends on
age and choice of measurement site [27, 28].

Women in our study reported to experience natural menopause fairly early, at about mean
age 47.5. From the total of 104 participants, 76% entered menopause before reaching 50. The
statistical analysis of our results showed that there is no significant relationship between the
menopause onset and the BMD, reported in the T-score at the lumbar spine (r=0.029,
p=0.771) or hip (r=-0.058, p=0.556). Contrary to our results, Zveki¢-Svorcan et al. [29]
observed statistically high connection between menopause onset and bone mineral density,
as well as between menopause duration and bone mineral density. Other authors also reported
that early menopause is an important risk factor for osteoporosis occurrence [30, 31]. We can
speculate that the reason why our results didn’t demonstrate significant correlation between
the menopause onset and the BMD could be the low average age at menopause onset among
the selected women in our study group.

The insight into exogenous risk factors of osteoporosis in this study showed that a small
percentage of the participants: were smokers (12,5%), used corticosteroids therapy (4.81%)
and consumed alcohol (11.54%), but the percentage of participants who consume caffeine on
daily basis was rather high i.e. 76.92%. Smoking, corticosteroids therapy and alcohol and
caffeine consumption are well-known risk factors that may be associated with low bone
density and increased risk of osteoporotic fractures [32, 33, 34, 18]. Identifying major
exogenous risk factors on national level and understanding their impact on bone loss in
postmenopausal women need to be further elucidated.

Most of the participants in our study reported insufficient physical activity and sun
exposure. Insufficient activity was defined as person not meeting the WHO recommendations
on physical activity for health [35]. Among participants, 74.04% (n=77) reported to never
exercise. Only two women (1.92%) reported they practise physical exercise every day.
Studies have shown that poor dairy calcium intake, along with low physical activity are key
risk determinants of osteoporosis and fracture [17]. Regular physical activity that maintains
or increases muscle strength, coordination and balance is universal recommendation for the
prevention and treatment of osteoporosis, as well as for reducing the risk of falls and
fractures. Many authors reported that increased physical activity levels are associated with
reduced risk for low bone density in postmenopausal women [36, 37]. In order to change the
physical inactivity profile of Macedonian postmenopausal women determined in our study,
strategies should be created to address this group of patients.

Conclusion
The mean daily calcium intake among our study participants was 854.3+260.4 mg which

is below the calcium recommended nutrient intake (RNI) for postmenopausal women. This
study’s findings confirmed that the reduction of the bone mineral density (BMD), reported
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using T-scores, depends on age and choice of measurement site. Education on the importance
of calcium in the diet and knowledge on the lifestyle factors that affect bone loss are needed
toward decreasing risk for osteoporosis and related fractures in postmenopausal women. The
education should cover different age categories of women because the bone mass in later life
depends on the peak bone mass achieved during growth and the rate of subsequent age-related
bone loss. In order to change the physical inactivity profile of Macedonian postmenopausal
women and their nutritional habits, preventive strategies should be created to address this
group of patients.

Identifying major exogenous risk factors on national level and understanding their
impact on bone loss in postmenopausal women need to be further elucidated.
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Introduction: Research has been conducted to form a
conceptual model of the intellectual information and
analytical labor protection management system of food
industry enterprise.

Materials and methods. For solving the tasks, methods
of system analysis, basic classes of architecture of agent
systems, mathematical logic, the theory of formal systems
and calculations characteristic of traumatic processes at
industry enterprises have been used.

Results and discussion. It is determined that the
proposed complex automation system of labor protection
management for companies in food industry, can be used to
improve project management decisions on operational
analysis of working conditions in the enterprise, definition of
areas to prevent occupational injuries and organizational
measures for the protection of labor basis. The paper
proposes an intelligent agent model in the structure of an
information-analytical management system of industry
enterprises, which is different due to the way the information
space of intelligent agents is formed, the availability of a
model for behavior selection mechanism and the contents of
intelligent agent’s goal definition model, which allows to
determine the dynamics of development of multi-agent
environment, complicated hierarchy of goals in the
information and analytical labor protection management
system at enterprises and form various operation strategies
for intelligent agents. The results of work contribute to the
principle application development of occupational safety as
far as the diagnosis and modeling of extreme situations and
evaluate their consequences.

Conclusions. The most rational solution is to improve
the safety of work of the enterprise by introducing elements
such as data elements and intelligent agents into the
information and analytical labor protection management
system.
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Introduction

Based on the analysis of information and analytical systems used in the labor safety
field, depending on the purpose of their functioning, the tasks to be solved, and the specifics
of data collection and processing, it is possible to single out information-reference,
information-calculation, information-control and intelligent analytics platform [1, 2, 3].

The task of increasing the safety of labor in food industry enterprises is most rationally
solved by introducing such components as data elements and intelligent agents into the
information management system.

The paper proposes an intelligent agent model in the structure of an information
management system in food industry enterprises, which is different due to the way the
information space of intelligent agents is formed, the availability of a model for behavior
selection mechanism and the contents of intelligent agent’s goal definition model, which
allows to determine the dynamics of development of multi-agent environment, complicated
hierarchy of goals in the information management system at enterprises and form various
operation strategies for intelligent agents.

The legislation of Ukraine on labor safety management provides for the following
division of responsibilities for the labor safety management at any enterprise: in general,
director (employer) and his/her deputies carry out the labor safety management at the
production facility; in the divisions — their heads; organizational and methodological and
supervisory activities in the field of labor protection, management decisions preparation and
control over their implementation is carried out by the work safety service, which is directly
responsible to the director.

During day-to-day operations, specialist services (divisions) of the food production
facility are processed, systematized, stored large information volumes. Unfortunately, as
practice shows, due consideration is not given to the use of accumulated data for decision
analysis and operational management. Remain unresolved issues of structuring data,
categorized (production factors and working conditions, instructions, regulations, etc.) and
the choice of valuable information.

First, the issue is that we have to analyze and predict the manufacturing situations of
labor safety, and this is a significant amount of information that cannot be analyzed in a
timely manner without modern information technology (IT). Information technology is an
integral part of our modernity, in particular its main component with a high level of
development of introducing a new management style into our lives. The information
distribution of and information support construction for labor safety in most ways
characterizes the art of management. The introduction of new models and principles in the
information provision of labor safety in a food production facility with the use of modern
information technologies, plays a decisive role in the validity and timeliness of management
decisions taken on the basis of monitoring labor conditions, occupational disease and injury
statistics, the production risks analysis and the effectiveness of measures to limit and reduce
them [4].

Therefore, a modern information and analytical system for health and safety
management at a food production facility should be organized taking into account the clear
interaction of the head of the health and safety department with the heads of all structural
subdivisions of the food production facility for adequate and constant management, taking
into account all factors affecting the health and safety management state, and provide heads
of structural units with an optimal measures set to ensure labor safety.
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The problems of ensuring the stability of operation of difficult intelligent information
and control systems, which include of the industry enterprises, was first staged in the works
of national scientists.

Key stages of stability theory lately was developed in the work of O.V. Barabash [5]
and others. The overview of the issue of verification items base knowledge of management
information systems was in the next works [6, 7].

The analytics platforms evaluation existing in the labor safety field shows that there is
a positive experience of their use for solving problems of injury rates administrative
monitoring and so on. Despite the considerable advantages that the use of information
analysis systems provides, it should be noted that they are limited. Traditionally, there are no
functions for developing managerial decisions in information analysis systems, this leads to
irrational use of available data, and in some cases — to the insufficiently substantiated
managerial decisions adoption. [14, 15, 16, 17].

Materials and methods

A research object is to ensure safety labour at the food industry enterprise.

The subject of the research is an increase safety of labour of food industry enterprise on
the basis of the worked out conceptual model of intellectual agent in the structure of
information-analytical system of labor protection management at the enterprise, institution,
organization.

For the construction of information-analytical system control system by labor protection
at the of the food industry enterprise is chosen the object-oriented programming [21, 22],
methods of system analysis [30, 31, 32], mathematical logic and the theory of formal systems
and numerals [33] for reducing an occupational injuries [3, 18, 19, 20].

Results and discussion

Modern analytical platforms [22, 23, 24] should be focused on supporting management
activities [25, 26]. The creation of such systems involves the application of decision-making
theory methods [27], mathematical modeling and forecasting methods, decision-making
theory and expert judgment [28]. The main task to be solved by modern IIS is to transform
the accumulated data on the status of the object of management of labor safety (the activities
of functional services and structural units to ensure safe and healthy working conditions at
workplaces, production sites, workshops and industry enterprises in general) in a form that
allows the head (the labor safety department head) to adequately assess the labor safety object
state, assess the situation development and make a sound management decision [29]. That is,
the well-known state of the management object of labor safety should be aligned with such a
management strategy, which is the physical implementation of management decisions, from
the admissible set. In this case, the chosen solution is optimal based on a definite list of
criteria for decision-making and restrictions.

A combined model of an intelligent agent information management system. Based on
the analysis of the characteristics and shortcomings of known models of IA, it is proposed to
define IA as the structure of the form

IA =<NIA, SA, VIA, MVB, VO>,
where NIA — intelligent agent’s name; SA — structure of attribute, which is defined similarly
to the structure of attributes of information objects (I0); VIA = {IA} —plenty of attachments
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IA; MVB — the mechanism of the model of functioning selection, VO = {O} —plenty of
information objects, that implement the scenarios of IA work.

Intelligent agent based on the criteria select the model of functioning inherent in the
MVB, makes a decision about implementation in a given time a certain scenario and the
corresponding appropriative 10.

Intelligent agents, which have only the name (IA = <NIA, &, &, &, &>), can be
called nominal, similarly to nominal IO. By the content nominal IA are not differ to nominal
I10. Similar situation is also with the parametric IA rank (IA =<NIA, SA, &, &, &>). By
the feature of presence of mechanism behavior of IA is possible to allot them in 2 classes:
active (MVB #0 & VO£ ) and passive MVB = & & VO = ). The passive 1A class
have subclass of passive agents — cover, which are used for connecting the objects inside the
(IA=<NIA, O, VIA, &, &>). Passive IA (IA =<NIA, SA, VIA, &, & >) have attribute,
which can be constant and it allows them to create an intermediate level of the hierarchy. The
active IA class has a subclass of unclear IA (IA = <NIA, &, , MVB, VO> u <NIA, &,
VIA, MVB; VO>), which can predict the manipulation with internal structure of attribute
Classification IA is performed in tables 1 and 2.

Table 1
Classification IA
Rank of intelligent agent Change of an intelligent agent model
NIA SA VIA MVB VO
Empty - - - - -
Nominal + - - - -
Parametric + + - - -
Passive — cover + - + - -
Passive + + + _ N
Active unclear + - - + T
Active terminal + + - + +
Active + + + T T

If imagine, that the attributes structure SA is a general representation of the knowledge
spaces of IA, it is possible to consider this structure on a conceptual level. Most famous work
make functional separation of a knowledge of IA (knowledge about the environment,

[T

knowledge about yourself, knowledge about other agents and etc. Here “—” means empty
condition (), “+” means the presence in IA model.
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Table 2
Classification IA
Intelligent agents
passive active
<NIA, SA, {IA}, 0, 0> <NIA, SA, {IA}, MVB, 0>
Passive cover | parametric terminal Active unclear
<nia, 0, {ia}, 0, 0> | <nia, sa, 0, 0, 0> <nia, sa, 0, mvb, | <nia, 0, 0, mvb, {0}>
nominal {0}> u <nia, 0, {ia}, mvb,
<NIA, 0, 0, 0, 0> {0}>
empty
<0, 0, 0, 0, 0>

Functional separation is not universal, because it depends on the features of industry
enterprises is related with exact area. Conceptual review allows you to create more General
models of intelligent agents as necessary to specify and clarifying the structure of the space
of knowledge IA , that related to this intellectual component, as if to form the “near edge”
space of the subject area and define its behavior using certain mechanisms of social behavior
in this localized group. IA can use the logical mechanism and by methods of consistency,
which are located on the intelligent components. Intelligent component will be more resistant
structure, “strictly” localized logical and spacely. IA faster, they can move like in a network
environmnet. As IA use general mechanism of logical method, then it is not necessary to
copy it in every agent, that can increase the action and to reduce memory overhead.

Let’s find an informational space, as a sum of intelligent agents, that surround /4; and
interact with it; a sum of 10, that surround /4, and interact with it, and a plenty of attributes,
which are necessary /4; to assess the condition of an environment.

V, =(4R,, AR})

AR., =(N,Aj,A,i/_,...,A;g/_,N,A,,A,iI s Al
ARy = (Nig;s Aig s Al s Nioys iy s A1)

i

Condition of informational space /4; we call the sum of 4R],, AR,, in the moment of
time — t:
SV, = (S Ajy > <Al >, <AL >, < AL >,

5 v 5 v
< A,Oj_ >,...,< A,Oj_ >,..,< A,OI >,...,< A,OI >),

where <A..> — meaning of attribute in the moment of time ¢ from the side of perfomanced
intelligent. Information about the condition of informational space /4; cannot get at the same
moment from all the corners of this space, because there is a delay in the exchange of
information between agents.
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The information space of the agent can be formed in two ways:
a. Static — AR,,, AR;, determined at the design stage IA and in the process

142
information management system can’t be changed;
b. Dynamic— AR],, AR], can be changed .

142
So, informational space model IAi you can find in such way

MIS,, =V, (1),5V,, &), FV,, (t+1),

where FV — function of formation of information space.
A model of the mechanism of choice behavior of IA can be as follows:
MVB = (MIS, MG, MSR, MA),
where MG — model of goal setting, MSR — model of solution research (direction research,
methods how to reach a goal), MA — active actions model, means the activation mechanism
of 10, that influences on the environment.
For such IA model of goal setting can be built the next way

Gtop

14,2 ~14; »

FSS

14,

MG, =(SS GS G,dAf‘””,F G’ ,FG’ ,FAG

14;° 14, 14,2

1 SMA4,, (1)
Then the subscripts can be omitted where it causes no ambiguity. Here SS —plural of
stratigies, that means like methods of making choice of an aim SS = (S, |i =1,.,n), FSS—a

function selection strategy; GS —plural of static targets, G'” — plenty of goals, that got by an
IA from the agents with a higher level of the hierarchy, G**" — plenty of goals which can be

transmitted to IA at lower levels FG” — function of creating the dynamic targets, FG® —
selection static target function; FAG — active goals selection function, means goals, taken to
implement; SMA — condition of multi-agent environment.

In contrast to existing agent-based models the state of MA places more appropriate to
take into account the dynamics of its development, taking into account both past history and
expected future. Condition of MA-environment can be viewed from the position of exact
intelligent agent /4;, that’s why

Smml (t) = (Paml (t)aRtlAl (t)aFulAl (t)) .

t
Past MA- environment is Pa,, (¢) = U(V,A’_ (t-1),8V,, (t-1)), means the unification of
0

the information space and state of the totality of previous points in time.
Current condition MA-environment

Rt[Al (t) = (I/IAI (t)7SI/IAI (t)) .
Predictable future condition

Fuml (= (I/[Al (t+1), SI/[AI (1+1))

is an evaluation of the information space and its condition, that was made in exact moment
t—1 means at the previous step of IA. And to make this evaluation, it is necessary to have a

future function of MA-environment FP(Rt, 4 (t),MA) as aresult it will be Fu i ®).
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Strategy selection function determines the current strategy of depending on the previous
strategy, the state of MA-environment, plenty of currently active goals. So
FSS :s(t)x SMAxGA — s(t) .

If notice static goals as gs, then goals that are taken from other higher agents like g,
goals that are taken from lower levels like, how gd then relevant plural will be:

GS,, ={gs'|i=L..m}, GV ={gt'|i=1,..1}, Gi}"" ={gd'|i =1,...k} .
Function of creating the dynamic targets be determined by functional transformation
h,i above the condition of MA-environment, by current strategy, be plenty of G*'"”(¢),

GA(t) and a sum of formula with a logic from the first above the elements MA-environment:
FGZ} =h" (SMA,, (1), s'(0), G PN(t),GA®),U),

where U = {U”' (SMA(1))|j = 1,...,k} . The result of work 4y, is G, (1+1).

Selection static goals function can be determined by functional transformation above
the condition of MA- environment, by current strategy, plenty of static goals at an exact
period of time~ G*""”(¢) , plenty of active goals, that were taken to implementation and a

sum of formula with a logic from the first above the elements MA-environment:

FG,il =n (S]WAM 0),s' (t),G"" (), GAt), W) ,
where W ={ W/ (SMA®))|j =1,....k} .
The result of work 7, is G} (¢+1).

For effective operation of an intelligent analytics platform, it is crucial to establish
timely receipt of reliable information about the actual values of harmful and dangerous
factors that are monitored at workplaces. Data base carriers, as well as primary documents in
the system of accounting and analysis of this condition can use data on the certification of
workplaces at the food production facilities.

It is suggested to choose the XML type for documents storage that makes it possible to
use it as a universal language for requests to information repositories. The XML type also
allows you to control the correctness of data stored in documents, perform checks on
hierarchical relationships within a document, and establish a single standard on the
documents structure, the content of which may be various data. This means that it can be
used in the construction of complex information systems, in which the information issue
exchange between different applications running on the same system is very important.

The organization of the data entry system is adapted to the existing methods of data
accumulation [6] in the general work of the intelligent analytics platform. The labor safety
service (department) head of the food production facility receives the output.
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Conclusion

The task of increasing the safety of labor in industry enterprises is most rationally solved
by introducing such components as data elements and intelligent agents into the information
and analytical labor protection management system.

Comparative analysis of the main types of agent models in terms of their applicability
to the task of building the information and analytical labor protection management system of
the industry enterprises has shown that till nowadays there was not developed sufficiently
generic model of an intelligent agent that can take into account the hierarchy of intelligent
agents in multy-agent system, the structural hierarchy of goals and, at the same time, it would
be focused on the technical implementation within the framework of existing technical
facilities in information and analytical labor protection management system of industry
enterprises.

It is proposed an intelligent agent model in the structure of an information and analytical
labor protection management system of power facilities in industry enterprises, which is
different due to the way the information space of intelligent agents is formed, the availability
of a model for behavior selection mechanism and the contents of intelligent agent’s goal
definition model, which allows to determine the dynamics of development of multi-agent
environment, complicated hierarchy of goals in the information and analytical labor
protection management system of power facilities at enterprises and form various operation
strategies for intelligent agents.
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Introduction. The aim of this recearch is to identify the main
disproportions of the development management of the national
innovation system.

Materials and methods. The materials of the research contain
the analysis of development state of the Ukrainian innovation system.
The national innovation system is considered in the context of
compliance with the international measurements and the concept of
transition to the formation of knowledge society. It have been used
the method of comparison, system analysis as well as survey. A
logical-abstract method was used to group national and international
analytical results.

Result and discussion. It is proved, that the main restrictive
factor while forming of comprehensive whole and developing of its
breakthroughs is inconsistent, and sometimes destructive
management, insufficient activity of public administration and
residual financing of needs. In the state administration and research
environment of Ukraine there are somewhat opposite ideas about the
state and needs of further innovation development. Public officials
consider it necessary to put science at the service of the immediate
business needs in order to strengthen the country's position on the
international market and increase overall competitiveness. This, in
turn, serves the purpose of implementing the tasks entrusted to the
government by international financial donors. For its part, the
scientific environment defends the long-term goals of preserving the
country's scientific, technological and innovative potential. Support
for fundamental research does not bring a quick result, but it preserves
opportunities for development for future generations. In view of this,
it is critical to address the call of functionaries to reformat the
directions of the market to meet market demand and the current needs
of the real sector of the economy. The discrepancy in approaches to
scientific innovations and the directions of their implementation is
reflected in the scope of state financial and organizational support. To
fund the innovation development fund in 2018, only $ 2 million has
been allocated. The second issue of the country's innovation
development is the lack of development of national legislation,
especially in modern areas, such as the creation of innovative
ecosystems. In general, this can be diagnosed as a consequence of an
institutional destructive policy at the state level. The scientific
activity is not included into the list of state priorities: there is a
constant reduction of funding both for institutions and scientific
research.

Conclusions. Forming of an effective and competitive national
innovation system requires the legislative and tool consolidation of
innovative development of the country, creation and structuring of the
innovation market under national control.
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Introduction

The world market community has began to focus on the convergence of the public and
business interest since the 90's. At first the society had such tasks and motivations as: creation
of favourable climate for the entire business; soft investments in the infrastructure (personnel
training, improvement of regulations); development of partnership between the state and
private sector; private sector invests in the common weal; priority of target domestic
investments, strengthening of competitive advantages in the corporate sector (priority of
public sector). According to the tasks the state used the following tools: global strategy of
competitive development and stimulation of increase in local firms; support of inter-
community network consolidation and cooperation; promotion of economic interdependence
of corporate groups; improvement of quality of labor resources; efforts to improve the quality
of life of the society.

The purpose of the study consists in identification of problems of creation and
implementation of scientific knowledge, technologies, provision of innovation process and
functioning of national innovation system.

The above-mentioned conditioned consideration and critical analysis of the following
tasks: efficiency of state regulation of innovations; problems of implementation of
innovations in the national education; the quality of knowledge generation and their direction;
research of innovation infrastructure; as well as the level of innovation of national production.
Object of the study. The components of the national innovation system.

Materials and methods

In the process of preparation of the article scientific and analytical researches of national
and foreign statistical, financial and rating organizations were used, as well as the results of
their own interviews and questionnaires were processed.

The methodology of the study included statistical analysis, grouping, systematization,
sociological surveys, questionnaires and special tools for processing personal data. The logic
of presentation of the material follows the structure of the national innovation system. The
logic of the study is subordinated to the task of analyzing the constituent parts of the national
innovation system.

Results and discussion

The national innovation system includes the following elements:

1. State regulation (legislative, structural and functional institutions);

2. Education (institutions of higher education and scientific production enterprises);

3. Generation of knowledge (research institutions and organizations);

4. Innovative infrastructure (production, technological, financial, informational,
analytical, expert and consulting components, including industrial parks,
technopolises, innovation centers, technology transfer centers, etc.);

5. Production.

However, due to the development of human capital Ukraine received the 31st place, that
corresponds to the level of development of developed market countries. Productivity is one
of the most effective tools of increase and development. And the best tool of its accumulation
is the use of innovative tools for the development of potential.
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According to the Global innovation index Ukraine ranked the 50th place among 127
countries in 2017 [1-3]. Human capital is the main part of national competitiveness: the
country ranked the 41st place. The main restraining element is the low of R&D expenditures
(54th place in the ranking) that cause the migration of existing and potential scientists outside
Ukraine.

According to the index of "Institutions" Ukraine received the 101st place, according to
the level of development of infrastructure — 90th place, according to the indicators of markets
effectiveness—43.2 or 81st place (trade and competition — 48, credits — 71, investment — 107),
according to the "business experience” index - 51st place (according to the number of brain
workers — 41st place, according to the innovative knowledge — 72d, according to the
knowledge perception — 63d place). At the same time the country demonstrates a high level
of research efficiency — 32nd place and a low-impact of its implementation — 77. Quite high
is the index value of "creativity" - 49th place, online creativity - 47th place. According to the
global competitiveness index Ukraine has received the 82nd place between Brazil and
Bhutan.

According to the criteria, the score of Ukraine is: the share of expenditures on research
activities in GDP - 47; the effectiveness of industry — 48; growth of GDP per capita of the
adult population for three years — 50; percentage of local high-tech companies in the business
of the country as a whole — 32; the effectiveness of higher education — 21; concentration of
scientists — 46; patent activity — 27 [4].

For reference: the effectiveness of education is calculated as the proportion of graduates
graduating from higher education institutions to the share of graduates with engineering and
technical education. In the western market countries university education is considered to be
a part of academic one and humanities. And the competitive advantage of the country is
mainly obtained by technical and technological advantage. Then the methodical approach
becomes clear. There was the period of 1990-95's in the history of market economy of
Ukraine, when namely the market transformation caused the situation, when the engineering
specialists were not engaged into the non-specialized employment. For 20 years it was
impossible to get actual and decent employment in the engineering profession. As a result
people are not interested in technical education in the country (in 2017 only 3 applications
were submitted to the Faculty of Mechanics at the National University of Food
Technologies). This situation reflects the structural changes in the economy and resulted in
to the country's de-industrialization. The lack of attention to the technical professions is
formed in society and is reflected in family education (parental attitude, negative public
experience and media neglect) and schools (lower quality of teaching of exact sciences,
especially in towns and villages, lack of out-of-school encouragement through public circles
of technical development and lack of material and technical base for their functioning).

This conclusion agrees with the data of sociological research conducted by the leading
national agencies. The destruction of social growth through education and ability to use skills
in working practice force youth to focus on the societies with a defined and formalized
program for acquiring a high social status.

Ukraine received the 35th place according to the rating of compulsory education, the 45th
place according to the number of researchers, according to the quality of scientific institutions
—the 41st place, according to the employment — the 27th, but legal regulation of labor market
remains to be the the main problem - the 103rd place.
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Table 1
Guidelines of social growth,%
Response Ukraine EU

2009 2012 2016 2009 | 2012 2016
High intelligence 30.3 31.8 36.6 56.1 60.8 60.1
Ability to circumvent the 33.1 33.1 29.2 53 5.5 4.7
law
Social status of the 37.9 38.6 33.9 24.2 22.5 14.9
family (origin)
Good education 25.8 26.4 20.7 49.0 48.4 52.2
Focus on enrichment, 46 45 42 47 43 42
individualism
Possibility of self- 66 56 32 83 86 88
realization in own
country
Confidence in 23.3 28.8 10.6 63.1 67.6 553
government
Importance of science in 35 48 34 67.3 70.2 78.3
society
Authority take into 33 35 33 58 67 72
account the
recommendations of
national science

Based on the sources [5]

The position of Ukraine in the "Innovation" rating became worse, except for the index of
"Availability of scientists and engineers." The worst position is in category "Government
procurement of high technologies and products" - from the 86th place to the 92nd, as well as
in the category of "Relations between university and industry" - from the 57th to the 73rd
place. And the only positive trend is in the category "access to the Internet per 100 people".

In general, this is a consequence of an institutional destructive policy at the state level.

Meanwhile, Ukraine has exclusive positive examples that have been implemented counter
to the situation: 7 Ukrainians are among the top 100 of the best innovators in Europe in
robotics, biosensories and computer literacy, production of power efficient homes, HR
technologies, media and Internet tools [3].

Analysts note the lack of an integral management system of the national innovation
system: the functions are allocated between the Ministry of Education and Science of Ukraine
and the Ministry of Economic Development and Trade of Ukraine. As a result, there is no
coordination between the investment policy and innovation projects. Moreover, a significant
number of restrictive measures of the Ministry of Finance of Ukraine hinders the
implementation of innovations and hinders the development of scientific and technical
capacity.

However, there are positive improvements: in 2016 a separate National Committee for
Industrial Development was created, in 2017 the National Council of Ukraine for Science
and Technology Development and the Council for Development of Innovation were formed.
However, their activities are not coordinated. As a result, it is not possible to ensure effective
impact on the Government's decisions on the development of innovations.
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The identified problems become worse at the regional level.

Many elements of the innovation infrastructure don't work, innovation parks and
incubators are closed (in 2005 the system of scientific and technological preferences has been
suspended in terms of legislation). Legislative proposals on improvement and development
of innovation activities have been refined and marked up for many years.

According to the index of Global talent Ukraine has got a high rating. Human resources
are always characterized by a high level of qualification. Perhaps, therefore, Ukraine has
become one of the largest exporters of labor (more than 2 million citizens work abroad). The
number of students and institutions of higher education is decreasing: in 2017 only 1369,4
students studied at 287 institutions of higher education. These indexes are 35% and 17%
respectively less than the same indexes in 2010. For many years no more than 10% of the
national investments are allocated to the university science (15 million a year).

In 2016 an external audit of the Ukrainian innovation and research system was launched
in Brussels. International experts observed an extremely unsatisfactory state of national
innovation system. The participation of the private sector at the level of 20% of the total
expenditure in the state on science is very low in comparison with its corporate capabilities.
Basic machine building has turned from development driver into a deterrent factor, that
hinders innovation mechanisms.

Experts underlined, that Ukraine belongs to the countries with the highest level of
"superfluous education": in the final document they wrote, that 80% of young people study
at universities. And it is too much for Ukraine. This document was approved by the Ministry
of Education and Science of Ukraine. The level of "superfluous education" is the highest in
economic and legal sciences. At the same time the entrants are not interested in natural and
technical sciences. In addition, the national economy is not able to admit such a large number
of highly skilled people, on the contrary, there is lack of semiskilled specialists with technical
qualifications. At the same time, the percentage of students, who continue their postgraduate
study is too low in accordance with the European standards [6].

During the independence years, nobody has created proper conditions for the
development of science and for the introduction of innovations. Expenditures of the state
budget for research make only 0,22% of GDP. Although the developments of domestic
scientists are annually sent to the Cabinet of Ministers of Ukraine and ministries only a few
inventions are realized practically. However, world experience shows, that the results of
scientific research are not able to be effectively and quickly realized only on the market basis
without significant state support.

National science operates within the 6th technological paradigm, and 94% of production
consist of the 3rd paradigm with the elements of the 4th and 5th ones. It is impossible to
change this situation without active intervention and strategic purposeful work of the state,
because business (both large and small) exploit the natural raw material base of the country
and is aimed at getting maximum results in a short time.

The enterprises producing food products, beverages and tobacco products carried out the
most active innovative activities — 21,6%.

These industries are interested in the wide range of products, expansion of markets,
improvement of quality, introduction of new technologies, receipts and equipment. The
enterprises of these industries focus on private investment opportunities with a rare
involvement of international loans from foreign co-owners. The leading industry experts
think, that it is necessary to create more scientific and technical centers, provide access to
favorable financing in order to activate innovation activity. The food industry as well as other
industries mainly use own resources at the level of 75%.
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Analysts note, that a significant share of innovative activities involves marketing and
management technologies. The trade and service sector applies marketing and management
technologies rather than technological innovation. First of all, it is about the means of product
promotion, PR and HR activities, electronic commerce, logistics and motivation of personnel.
5,6% of funds allocated for innovation were spent on financing of this direction.

Over the last 5 years budget financing of strategic priorities of innovative activity was
carried out in the following areas: technological innovation and development of agro-
industrial complex — 59,4%; the smallest financing was in the direction of the introduction
of new technologies and equipment for quality medical service, treatment and pharmaceutics
— 2,6%. At the same time, the total funding budget was fulfilled only by 75,5%. The funding
of medium-term priorities was fulfilled by 74,2%. At the same time, the funding was reduced
by 40% of the annual volume in 2014.

For the period of 2012-2016 5671 technologies were created at research institutions for
budget funds. Only 10.8% of these technologies were transferred to industrial enterprises and
0,8% were sold on the external markets. During this period 36 advanced technologies were
purchased for budget funds. 97,5% of these technologies were purchased in 2012. It should
be noted a significant deterioration in the relationship between the number of implemented
technologies and innovative products. In 2000 this ratio averaged 1:10,92, in 2005 — only
1:1,74, and in 2017 — only 1:1,09 [7].

For almost 20 years there were two peaks of innovative financing in Ukraine: in 2007 due
to the external borrowings of the owner and in 2011 due to external arrangements,
partnerships and external investment. The latter allowed us to double the level of funding of
innovation activities in the industry. But in the period of 2006-2016 the share of innovative
enterprises in industry was steadily decreasing. Such situation proves, that there are no
necessary prerequisites for the functioning of the investment-innovative model of
development in Ukraine. The reason for this is the fact, that the realization of competitive
advantages created due to the high-tech products in the domestic industry is almost absent.
At the same time, this situation leads to a high risk of investment in innovation. As a result
the cash flows decrease. Investors choose the less risky traditional industries: today 75% of
investments in Ukraine are in the industry of the 3rd paradigm, 20% in the 4th paradigm and
4,5 % in the 5th paradigm. The industries of the 3rd technological paradigm have the highest
level of re-equipment and modernization - 83%, and the industries of the 4th paradigm - only
10%.

In the period of 2000-2004 the State Statistics Service of Ukraine conducted surveys of
managers of industrial enterprises regarding the reasons for low innovation activity. We have
carried out own research in the period of 2007-2016. But our sample was significantly
smaller.

Having analyzed the results of the survey and the data of scientific observations and
statistics, we reached the following conclusion:

1. In the entire period from 2000 to 2016 the matter of financing was not settled. Attraction
of venture, loan and other market resources was limited and speculative, and ensured
only "skimming". The received profit was taken out of the country regardless of the
source of income (80% of the revenues came from offshore sources for short-term
funding of developments that are complete by 80%).

2. Legislation and public administration are situational and preferential. The author has
investigated this question in many publications.

3. Non-market forms of restraint became barriers: opportunism of the owner, greed effect,
resource orientation of the markets in the country.
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Table 2
Main obstacles to the innovation activity of enterprises (survey results),%
Factors of negative influence According to the The answers of
IFC managers of
enterprises
2000- 2007- 2000- 2007-

2004 2016 2004 2016
The lack of funding 75 23 86 92
Customers don't have enough 50 12 40 50

money
Underdevelopment of finance and 42 22 39 50
credit system/high credit rates

Imperfect legislation 25 15 32 38
Undeveloped raw materials base 15 15 29 29
High economic risk 30 18 24 28
Low demand 8 10 15 34
Lack of international relations 25 12 11 12
Strict/preferential state regulation 28 10 15 29
Corruption 10 38 12 22
Bad public administration 36 22 12 28
Owner's/investor's reluctance 6 6 15 34

Based on statistics and own surveys

The process of basic adjustment and modernization of the enterprises requires the use of
special means of support : government support, tax and procedural benefits, creation of
special zones and incubators. All developed countries did everything in the same way.
However, the international community has called Ukraine for structural changes,
modernization of equipment and production technologies and simultaneously it ha strongly
demanded abolition of preferences and economic support measures: the World Bank, rating
agencies, intergovernmental meetings, the International Monetary Fund have repeatedly
emphasized these demands in their documents. The severest demands were in the periods,
when Ukraine tried to join the global funding at the state level (IMF requirements on the eve
of the receipt of loans), to enter the international market organizations (2005 WTO and 2014
the Association agreement with the EU). Because of such leverage Ukraine has reorganized
the State innovation Fund into the State innovation credit institution (2000); suspended, the
adopted in 1999 law of Ukraine "On special regime of innovation activity of technological
parks" has been abrogated (2005). Thus Ukraine doesn't have own tools to support the
national innovation production. But the industrial parks started to operate. They were based
on foreign investment and foreign control of selection of directions of innovations and areas
of application of innovative production (2006). At the same time the innovative
developments were implemented with help of business incubator (creation of prototype,
current engineering model) through financing of venture and private investment funds. The
objective "organization of development, production and put science intensive, high-tech
products on Ukrainian and foreign markets" [8]. The change of economic orientation of the
country made it possible to restart the activities of industrial parks (2012), to create jobs, to

252 ——VUkrainian Journal of Food Science. 2018. Volume 6. Issue 2



Economics and Management

development modern production infrastructure. At that time, there were more than 30
industrial parks.

In recent years the number of institutions of scientific and technical information has been
substantially reduced, the number of regional centers of scientific and technical information
has been reduced or their subordination has been changed, the Ukrainian Center for Scientific
and Technical Information has been reorganized, its resource support has been weakened,
therefore the information resource does not conceptually and organizationally meet the needs
of the innovative economy.

The integrity of the development of the National innovation system. The issues of
formation and development of national innovation system periodically become the object of
consideration at the Parliamentary hearings. In 2007 such hearing was held for the first time.
In 2009 the "Strategy of innovation development of Ukraine for the period of 2010-2020
under the conditions of globalization challenges" was discussed and the Concept of
development of the national innovation system for 2009-2013 was approved. Even at the
level of higher state authorities this period is recognized as the most productive. This period
is characterized by a consolidated governmental approach to the needs of innovative
development of the economy.

At present, there are two programs documents on innovation development in Ukraine:
Sustainable Development Strategy "Ukraine 2020", the program of activities of the Cabinet
of Ministers of Ukraine on implementation of the Association Agreement between Ukraine
and the EU. The Plan of measures on the implementation of the Concept of reformation of
the state policy in the innovation sector for 2015-2019 is aimed at the realization of these
directions. In accordance with the Plan it is necessary to develop strategies for the
development of high-tech industries, as well as a number of specified laws. The process of
approval of the bills continues for more than two years. The National Academy of Sciences
is trying to compensate for sluggishness or inactivity: there was a report "Civilizational
Choice of Ukraine: Paradigm of Understanding and Action Strategy", "Innovative Ukraine
2020". The program "Foresight" has been developed. It is a program of innovation and
investment development of NAAS for 2016-2020. And the Mechanism of implementation of
this Program has been also developed. All these data were submitted to the Cabinet of
Ministers of Ukraine. These documents are being processed since 2016.

Meanwhile, Ukraine continues to lose its competitive position in the markets of high-tech
goods and services. According to the State statistics service of Ukraine 75% of patents of
national owners are no longer valid because of non-payment of fees to maintain efficiency,
only 7% of patents are used in the economy. The reason is the lack of incentives, long-term
and resource consuming method of registration. As a result, there is a process of "patent
migration", which is annually at the rate of 10—12%. This process is particularly characteristic
for the direction of development of medicines, IT technologies and for pharmacology [7,9].

Moreover the imbalances in the training of specialists are increasing: there are three times
more lawyers and economists than specialists, that are able to generate new knowledge,
specialists in physics, mathematics and advanced technology and specialists, that are able to
provide innovative development of economy.

Conclusions
Having analyzed the state of the national innovation system we have found a number of

negative factors that hamper its development. These negative factors include slippery
political decisions, reduction of governmental attention. These factors have influenced the
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type of managerial decisions, prioritization, funding, legislative support. Particularly urgent

is the inadequate regulation in the area of intellectual property. There are also problems of

commercial implementation of scientific research results. It is caused by disinterest of rental
business, poor infrastructure and lack of support in the processes of international registrations
of intellectual property rights to the inventions.

The vast majority of innovative solutions are considered without regard for the prospects.
Only business aspect and the rate of recoupment of investments are mostly taking into
account. Unfortunately, the scientific activity is not included into the list of state priorities:
there is a constant reduction of funding both for institutions and scientific research. At the
same time, this situation leads to negative shifts in personnel, promotes the outflow out of
the country of talented young people and well-known experts. The scientific potential of
Ukraine is almost excluded from the economic and management process of the society — the
science intensive capacity of industrial production is at the rate of only 0,3%, the knowledge
management capacity of commercial structures — 2%, public administration — 5%. This
situation creates a steady lag in technical and technological directions of development and
establishes the raw material orientation of the national economy for the future [9].

The revival of scientific and technological power of Ukraine, strengthening of its
competitiveness and formation of powerful national innovation system is observed in several
directions:

- renewal of the value of science and innovation at the level of state policy, including the
formation of the strategy of innovative development, activities, execution of tasks in form
of Program with independent funding;

- implementation, legislative and instrumental securing of innovative development of the
state on the basis of formation of innovative market under the control and accountability
of the executive power of the country, region, industry.

Implementation and realization of these tasks requires not only political will, continuity
of governmental policies but also creation of systemic approach based on strategic vision,
development prospects and international cooperation, legislative regulation. Fulfillment of
tasks requires improvement of the state management of innovation processes in the state,
proper economic support, improvement of forecasting system for long-term outlook, target
priorities and improvement of education srystem, preservation and support of scientific
personnel of the state.
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Introduction. The research purpose is to formulate the
basic principles of object-oriented designing of packaging
machines on the basis of mechatronics.

Materials and methods. The object of the study is
machines for the formation of increased cargo units from
group packages. The research method is an object
decomposition with the development of logical, physical,
static and dynamic models of the projected machine and
its object-oriented analysis and synthesis.

Results and discussion. Modern multifunctional, high-
performance automatic packaging machines are
mechatronic  systems that consist of four main
components: technological, power, information and
mechatronic. The development of modern mechatronic
packaging machines requires the solving of complex
problems, which take into account the interconnections
between different components, their reaction to external
and internal destabilizing factors.

To solve such problems applying of object-oriented design
methods was proposed. The topology of the object-
oriented design and technological design of a packaging
machine on the basis of mechatronics was developed. In
the first stage of the design, the analysis of the
technological process of transport package formation was
carried out, the basis of the SADT basis was formed the
hierarchical structure of the machine, the functional and
structural models were developed, the decomposition of
the service function of the machine was made, the
functional and structural scheme of the machine was
developed. Functional-structural scheme of the machine
for conducting parametric synthesis with the choice of the
best or optimal values of geometric, kinematic, dynamic
and energy parameters.

Conclusions. The proposed methodology of interactive
technologies for designing packaging machines allows to
save time on design (up to 45%), to reduce capital costs
and to obtain a functionally reliable machine.
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Introduction

Since the advent of a new programming ideology, the object-oriented programming
languages and object-oriented operating systems have been created. On their base, modern
object-oriented automatic design systems (CAD) for solid-state programming (CAD-
systems) and for visual design (Visual-system) [1] were developed. The transfer of the
ideology of object-oriented programming and the basics of constructing object-oriented CAD
systems on traditional designing fields of complex mechanical and technological systems
with computer control, which include packaging machines, are not just supplementation.
That requires rethinking their design tasks, as at the stage of setting task of designing the
system and at all following stages of real design, including at the final stage on the selection
of an optimal solution [2].

The most effective solution can be obtained after developing and comparing several
variants of mechanical and technological systems. Mostly, the criterion for decision choice
is to ensure the minimum cost of the product. At the same time, in today's global society, the
need for targeted orientation of scientific research, design and production of packaging
equipment of a high level of competitiveness and quality throughout the life cycle of
products, are observed. Thus, the development of competitive packaging machines requires
the implementation of object-oriented design technology in mechanical engineering industry.

In scientific works [3-5] the actual problem of creating packaging machines based on
the functional-modular principle was formulated and currently is solved. But the issue of
object-oriented designing machines for the food products packaging previously was not
considered by other authors.

The purpose of these research is to form the basic principles of object-oriented design
of packaging machines on the basis of mechatronics. According to the purpose, the task is as
following :

— to perform analysis of the hierarchical structure of packaging machines as a design object;
— on the basis of SADT design, to construct functionally modular equipment structures in

the form of a system description of models: functional (f-model) and structural (s-model);
— to develop a generalized functional-structural scheme of the packaging machine.

Materials and methods

Modern multifunctional, high-performance automatic packaging machines are
mechatronic systems which include four main components: mechatronic, energetic,
informational and technological (functional). When designing mechatronic packaging
machines, more attention is paid to the first three components [6], and the functional purpose
of such machines remains at the level of developing a technological scheme of the packaging
process. The task of metric synthesis of packaging machines is the determination of the
necessary technological moving of the working parts for the realization of the functional
purpose of the machine and for the purpose of automating the main and additional operations.

The development of mechatronic packaging machines requires their modeling. That
makes it possible to take into account the interrelations between different components, to
investigate the operation of the machine and its reaction to external and internal destabilizing
factors without making the physical model of the machine.

To solve such problems it is appropriate to use methods of object-oriented design.
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Object = Object = Object = Object =
product capture device section power source
Object = Object = Object = Object =
packing material measuring containers | dedicated mechanism | executive mechanism
Object = Object = Object = Object =
container pushing device drive system sensor
Object = Object = Object =
auxiliary packaging | transportation device distributor
Object = Object =
feeder or hopper controller
Object =
guiding parts
Object =
container
Base class Base class Base class Base class
Object = Object = Object = Object =
raw materials working member executive mechanism | mechatronics

Packing machine as a mechano-technological system
with flexible digital control

Figure 1. Topology diagram of object-oriented structural and technological design on the
principles of mechatronics

Object-oriented design (OOP) is a method for designing, combining the process of
object decomposition and the reception of the representation of logical and physical, as well
as static and dynamic models of the projected packaging machine.

The OOP is based on the models which are formed as a result of object-oriented analysis
and synthesis.

Object-oriented analysis is a methodology aimed at creating models using an object-
oriented approach based on concepts, classes, and objects.

The main way to solve complex problems in OOP is abstraction. Relations between
classes of objects generate hierarchical links.

The OOP process can be summarized as the following sequence:

— Identification of classes and objects of a particular level of abstraction;
— Identification of the semantics of classes and objects;

— Identify the relationships between classes and objects;

— Using classes and objects

For the effective implementation of object-oriented design approach, a Unified
Modeling Language (UML) has been developed. UML refers to SADT (Structure Analysis
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and Design Technique) - a technology for constructing a functional model for an certain area
of objects (packaging machines) [1]. The main purpose of SADT technology is to describe
complex objects as hierarchical, multilevel modular systems with a small set of typical
elements.

Along with the analysis, object-oriented design involves the implementation of a series
of consistent interconnected stages, not iterative descendant structural-parametric synthesis.

Figure 1 shows the scheme of the object-oriented design and technological design of
packaging machines on the basis of mechatronics.

Figure 2 shows the topology of object-oriented design and technological design of
mechatronic systems of packaging machines.

Object = Object = Object = Object =
mechanics step motor distributor contact
Object = Object = Object = Object =
pneumatics piston timer contactless
Object = Object = Object = Object =
hydraulics servomotor counter discrete
Object = Object = Object = Object =
electronics (PLC) electromagnetic drive | storage member analog

Object = Object =

energy carriers sub-controller
Base class Base class Base class Base class
Object = Object = Object = Object =
module drive unit controller sensor

Base class (object = mechatronics)

Packing machine as a mechano-technological system
with flexible digital control

The basic principles of object-oriented design

Decomposition [~ =—{ Delegation of messages

Y

Inheritance Encapsulation Polymorphism

Figure 2. Topology diagram of object-oriented structural and technological design mechatronic
systems of packing machines
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Result and discussion

Modern models of packaging machines are complex mechanical and technological
systems. They perform a considerable amount of technological processes of packaging.
Depending on the technological processes and operations performed, they are divided into
classes, subclasses, groups, etc. [4]. Algorithms of object-oriented design are considered on
the example of designing a machine for the formation of unit loads from individual items. At
the first stage of the design process analysis is carried out, further on the basis of SADT
principles the hierarchical structure of the machine is formed, functional and structural
models are designed, the operational functions of the machine are decomposed, the
hierarchical structure and the functional block diagram of the machine are developed. On the
basis of the functional-structural scheme, parametric synthesis is carried out with the choice
of the best or optimal values of geometrical, kinematic, dynamic, energy parameters.

Technological process of packaging of unit loads includes the following characteristic
operations (by the levels of the graph):

1.1. Delivery of single items to the supply conveyor of the batching machine;

2.1. Moving items by conveyor;

3.1. Profiling of soft transport containers (paper, linen and polymer bags with friable
products);

4.1. Individual items orientation;

5. Formation of a row or stop of loads;

5.1. Formation of a line of loads;

5.2. Forming of items pile;

6. Formation of a layer or stack of items;

6.1. Formation of a layer of individual items;

6.2. Formation of a layer from a series of loads;

6.3. Formation of a stack from lines;

6.4. Formation of a stack from piles;

7. Reorientation of the layer or stack;

7.1. Reorientation of the cargo layer to the stack;

7.2. Reorientation of a stack of goods into a layer;

8.1. Separation of a single pallet from the stack of the pallets (performed before laying
the first in a package of layer or piles of goods);

9.1. Move the unit pallet to the position of the accumulation of the unit load, or to the
platform of the lift mechanism.

10.1. Installing or applying auxiliary means of packing (laying of gaskets, applying glue
between layers of cargoes, etc.).

11. Formation of the unit load;

11.1 Landing on a stationary pallet or a previously laid layer;

11.2. Stacking of loads in a package;

12.1. Fastening of unit load (slings);

13.1. Move the formed unit load from the machine.

The above graph covers all possible ways of forming unit load from the most diverse
single consignments. It is pertinent to note that the horizontal method of packet formation is
more technologically more efficient for unit load. Therefore, among the many variants of
the technological process of the formation of transport packages from tare cargoes, it is
possible to distinguish two main groups, the most applied are the groups of processes, the
principal difference between these processes is in the method of packing goods in the
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package. In the variants of the process carried out for item 11.1, the package itself moves,
and in those that pass through position 11.2 only a layer of cargo transactions moves.

After analyzing the structural graph of the technological process of forming the unit
load from individual items, the closest to the universal scheme for most individual items and
the optimal functional indicators and the cost of the process scheme, the following sequence
of operations can be taken:

1. 1.1-2.1-3.0-4.1-5.1-6.1(6.2)-7.0-8.1-9.1-10.0-11.1-12.0-13.1.

This sequence corresponds to the technological process in which the following
operations are carried out: overloading the load on the feed conveyor of the palletizer; loading
of cargo by a conveyor; the orientation of the cargo; formation of a line of loads; forming a
layer of individual items; allocation of a single pallet from a pallet stack and transporting it
to the area of the accumulation of the unit load; laying of a layer of goods on an elevating
and lowering platform; moving the unit load from the machine:

2. 1.1-2.1-3.0-4.1-5.1-6.1(6.2)-7.0-8.1-9.1-10.0-11.2-12.0-13.1.

The difference of this process is the presence of the operation 11.2 which is stacking of
the cargo layer on a fixed pallet or pre-laid layer.

On the basis of the synthesis of the variants of technological processes, it is possible, if
necessary, to exclude or replace certain operations, to create the desired type of technological
process. So the operation 3.1. is performed only during the packaging of bags with bulk
products. In other cases, the process passes through the "3.0" position. The next segment of
the chain "4.1-5.1-6.2" corresponds to the case when the cargo is first formed by a row, and
then from a row-layer. If in the process of forming a series of cargo orientation is
unnecessary, the segment has the form "4.0-5.1-6.2". In the case when the layer is formed
immediately from the oriented single items, the process passes through the positions "4.1-
5.0-6.1". As for operations "8.1" and "9.1", in most cases they are combined, since the
separation of a single pallet from a pallet stack is usually carried out by removing the pallet
from the stack and moving its bottom of the formation of the unit load. During forming a unit
load without a pallet, the process passes through the positions "8.0" and "9.0" Again, if there
is no need for auxiliary means of packaging, the "10.1" position is executed and so on.

Implementation of the technological process of packaging by a robot manipulator is
displayed in the following sequence:

1.1-2.1-3.0-4.1-5.0(5.1)-6.0(6.1, 6.2)-7.0-8.1-9.1-10.0-11.2-12.0-13.1.

The structure of this process differs from processes 1 and 2 in that the unit load is formed
by a robot for individual items (there are no operations 5, 6 and 7). Such process has
significant drawbacks-the productivity constraints as a result of the kinematic constraints on
the movement of working bodies, the importance of the kinematic and technological cycle of
the process and the increased requirements for the deviations of the geometric parameters of
the transport packaging.

From the analysis of the design of palletizer, implementing the horizontal method of
forming the package, it was established that depending on the design of the hoist of the
machine can be divided into three groups: with frame four-column, portal-two-column and
single-column complectation.
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The most wide spread due to its mobility was
the frame four-column complectation of palletizer.
This complectation provides a straightforward and
similar location of the main functional modules. An
important  characteristic of the machine
complectation is the direction of input and output
material flows. They can be: direct-current,
opposite directed and mutually perpendicular.

The complectation of palletizer using
functional modules based on the four-column
frame construction can fulfill requirements for all
directions of cargo flows.

Module as an aggregate unit palletizer is an
independent device that performs one or more
specific operations of the manufacturing process of
the package, fully assembled , functionally verified
and ready for installation. The modules can be
easily connected by creating complex palletizer
schemes, disassembling and modifying them in
order to obtain machines of different
configurations and with different characteristics.

During the synthesis of structural and design
schemes of palletizer, along with the productivity
and quality of the package formation, one of the
important criteria is the minimal cost of both the
equipment itself and its operation. The cost of
equipment is proportional to its metal capacity and
energy supply. One of the main components of
operating costs is the power consumption by
equipment, its reliability and flexibility to re-
adjust.

That is, the task of structural synthesis is to
find such a set of functional modules, so that all
technological operations and their elements are
performed in a given sequence, and the reliability
of the machine should be as high as possible, and
the cost does not exceed the maximum permissible
value. When designing a machine, it's necessary to
take into account that all modules are

Figure 3. Structurally-technologic interconnected, since one and the same function
graph of the process of forming a must be carried out by a single module within the
unit load from individual items machine [6]. The graph of logical connections

between the functional modules accepted for
consideration is shown in Figure 4
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Function modules Technological operations

Delivery of single items to the supply conveyor of the
batching machine

Moving items by conveyor

Orientation individual items

Formation of a row or stop of loads

Formation of a layer of items

Separation of a single pallet from the stack of the
pallets

Move the unit pallet to the position of the accumulation
of the unit load

Formation of the unit load

Move the formed unit load from the machine

Figure 4. Graph of logical connections between the functional modules of machines for the
formation of transport packages from tare cargoes.

Formalized representation of the graph is expressed as follows:

Somy () Amy () vy (o ) Amy (X, V X, ) A (X5 V X5 ) A (X, V X6, ) A

A (X1 V X)) Amg (Xg ) A g (X ) v 1y (X0 ) A1y (X Y X05) Y Iy (Xp,) Ay (X5 )

where S - realization of the service function of palletizer (execution of technological
operations of packaging); m - technological operations performed by the corresponding
functional modules.

On the basis of the developed structural graph of the processes of formation of unit
loads from single items and using methods of synthesis and analysis, a rational sequence of
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execution of technological operations, functional modules for their realization and logical
connections between them are established (Figure 5).

The analysis of the design of palletizer made it possible to develop typical structures
of machines corresponding to the structure of the technological process and include
functional modules, a system of actuators of executive mechanisms of working parts and the
synthesis of control over their work (Figure 6).

The control of the work of all functional modules is provided by the general
electronic system, which synchronizes their work in accordance with this packaging process.

In order to implement the latest requirements for the design of palletizer it is
appropriate to use an algorithm for constructing a conceptual model based on SADT
principles. The algorithm includes the construction of a functional (f - model) and structural
(s - model) models [5].

The graph of the decomposition of the function of the palletizer is shown in Figure
7.

An in-depth description of the conceptual model of palletizer is the construction of
S-models. The block diagram of palletizer for unit load is given in the form of "I-OR" trees
(Figure 8).

. . Pallet
P trol

Single items rocess contro (pallet stack)

Y Y
Delivery of products Separation pallet

to palletizer from stack

Y Y
Conveyance single Moving pallet to
items to palletizer the unit load forming
position

Y

Orientation

single items
Y

Formation of a line

of products

Y
Formation of
the product layer
Y
Formation of unit load £ {RemOVing of unit load | __ Unit load
from palletizer

N N S

Figure 5. Logical connections between functional modules in the machines for forming unit load
from single items
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On the basis of the developed f and S modules, the generalized functional-modular
structural schemes of palletizer for various frames constructions, implementing the horizontal
method of forming transport packages (Figures 9-11), were developed.

Palletizer structure

—

a unit load from palletizer

Function modules Drive system Control block
‘W _
— Main — Auxiliary — Control
| Conveypr for.dellvery | Pallet stack | Device of chgckmg for
of single items the presence single items
The mechanism of - -
.. . . Device of checking
pm—!  Receiving conveyor =  separating a single —t
for the formed layer
pallet from the stack
: Device for controlling
. . . Single pallet
m=—  Orientation device [— = the presence of pallets
feed conveyor )
in the stack
Device for forming : - -
P  the layer of product — Hoist Device for controlling
- the presence of a pallet
in the area of unit load
formation
— Stacking device p— Gasket stack
Control device for
[—— . .
) forming a unit load
- Pallet dispenser
_ T— Counting devices
Mechanism of movement
of the isolation board into
™| the zone of formation
of the unit load
Conveyor transport of

Figure 6. General structure of the machine for the formation of unit load from single items

—Ukrainian Journal of Food Science. 2018. Volume 6. Issue 2 —

265



Control of the process of

forming a unit load

Formation of a unit load from single items

Supply of a single pallet to

the unit load forming zone

]

on 3
E 2L

g.:

=
© =
P

—

o

>
= o

< g

on 8
E S

£ o

—

)
[
[

© wn

=]

SRS
.g_e

—
go
(5]
<=2
o=
<
[_.‘
Ly

o wn

o g

c o
23

R
2 o

)
i
a7
n

Processes and Equipment

—>| PEOJ J1UN © JO JUSUIDAOU JO [OIIU0))

SOB)S Y} Woly
19[1ed 9SuIs © JO UONIIYIS A} JO [ONUO))

——>-1 IoAe] won Y3 Jo Suikey ay3 jo [onuo)

—>-| 19AR[ WY 8y} JO UONBULIOJ AU} JO [OIUO))

—>-| SPEO] JO QUI| B JO UOIJRULIOJ 8Y) JO [01IU0))

—»1 UOIJBIUSLIO SWA JO [01U0))

—>—| AI9AT[9p wd JO [o1u0))

2U0Z UOIRULIOJ
a5eyoed ayp ojur joyed oy Sutro

—»-{ yorls 2y} woij 39[1ed oj3urs e jo uonereda)

dojs urepdo e 0}
1s10y 9y Jo wropie|d oy JO JUIWIAOIN

swon Jo 194e| payoed-a1d 10
19[1ed © U0 Swon Jo 194e] & JulpeOIdAD)

SwoN Jo 95e10)S pue SUIXIW 3931 ]

sway Jo uoneuodsuer) Jua0dQg

AN

SWo Jo
UOIJBJUSLIO ASIQASURI) PUB [BUIPMISUO]

!

Swoy 9[SuIs JO UONBNWNOOY

weans o[dnniy

weans-o[3uIg

WI0J PAJBIUSLIO Y} UI JON

UII0] PYRIUSLIO U]

AN A ]

266 ——Ukrainian Journal of Food Science. 2018. Volume 6. Issue 2

Figure 7. Scheme of decomposition of the service function of the machine for the formation of unit load from single item
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Hierarchical structure of the machine for the formation of unit load from single items

Control of the process of

Supply block for
bundled materials

Auxiliary
block

forming a unit load

*+0 0 o

The device of overloading a layer of items

on a pallet or pre-packed layer
The device for separation the pallet into

the unit load formation zone
The mechanism of an adhesive coating

The device for moving the pallet into
on layer of items

The device of profilling small tare with
the unit load formation zone

The device of movement and orientation
of items and formation of a line of them
The device of movement, orientation of
items and formation of a layer of them
The device of formation layer of items
bulk products

The device of movement of items and
from lines

The device of movement of items and
formation of a layer of them

formation of a line of them
The device of fastening of ulit load
with slings or termoresistant paper

| Item handling device

Figure 8. Hierarchical structure of the machine for the formation of unit load from single items:
® - the vertices are connected "and"; O- vertices linked by "or"
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Figure 9. Generalized functional and structural scheme of the machine for the formation of
transport packages from containerized cargo with a four-column frame:
1-conveyor of delivery of freight cargoes; 2 - a device for profiling soft containers; 3 - the device of
orientation of tare cargo; 4- conveyor of the formation of a number of loads; 5-device for forming the
layer of items; 6-device of collision of a number of loads and packing of a layer of cargoes; 7- lifting
and lowering gear; 8. mechanism of applying adhesives to layers of goods; 9- store with pallets;
10 - the conveyor of supply of a single pallet to the lifting gear; 11 - the conveyor of transportation of
the formed unit load from the car; 12-block control
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Figure 10. Generalized functional and structural scheme of the machine for the formation of
transport packages from tare cargoes with a two-column frame:

1-conveyor of delivery of tare cargoes; 2 - a device for profiling soft containers; 3-pointing device for

tare cargo; 4-conveyor forming a number of loads; 5 - device of collision of a number of loads and
packing of a layer of cargoes; 6. device for forming the layer of goods; 7. The mechanism of
horizontal movement of the items layer; 8. lifting and lowering gear; 9- store with pallets;

10 - the conveyor of supply of a single pallet to the lifting gear; 11 - the conveyor of transportation of

the formed unit load from the car; 12 - the mechanism of application of adhesives on the layers of
items; 13-control unit
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Figure 11. Generalized functional and structural scheme of the machine for the formation of
transport packages of containerized cargo with a single-column frame:
1-conveyor of delivery of freight cargoes; 2 - a device for profiling soft containers; 3 - the device of
orientation of tare cargo; 4- conveyor of the formation of a number of loads; 5 - a device for pushing
and sealing a number of loads in a layer; 6-device for forming the layer of goods; 7 - lifting and
lowering gear; 8-capture device; 9 - the mechanism of applying adhesives on the layers of items;
10-store with pallets; 11 - the conveyor of delivery of a single pallet to the zone of formation of the
unit load; 12 - conveyor of transport of the formed transport package; 13 - the mechanism of rotation
of the column; 14 control unit.
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To select the optimal structure of the machine for the formation of unit load from single
items, consider the sequence of actions of such machines from mechatronic modules in
accordance with the functional structure diagram shown in Figure 8

The parametric series of mechatronic modules, forming a functional library, is
characterized by execution of the same number of technological operations of the type:

Ly = (X5 X2 X300 X )
where x,, - module-elements of different nature.

We assume that the structure of equipment for the formation of unit load will consist of
a limited set of different types of mechatronic modules, which are subdivided into functional
subsystems. The condition for the formation of equipment is as follows:

ol =ULI. ={x/x,eLAx, €L, vx, €L V..AX, €L}
i=1

The formation of the structure of a machine for the formation of unit load is carried out
by combinatorics, permutations and layouts of various mechatronic modules, forming a set
of variants of the same functional scheme of forming a unit load and different structures:

N= (L<‘”> AN S )

The search for the optimal variant of the machine complectation, which best
corresponds the initial design conditions, involves solving the one-stage or multi-stage
optimization synthesis problem by applying well-known techniques [6,7]. For its conduct, an
important step is the choice of parameters, or parameters of efficiency and optimization.

Conclusions

1. On the basis of objectively-oriented design, a topological scheme of a packing
machine was developed on the basis of mechatronics. Based on of this scheme, the basic for
design structural and control objects of packaging machines was defined.

2. Analysis of mechatronic systems of packaging machines allowed to adapt the basic
principles of object-oriented design.

3. Based on the example of formation of unit load from single items, an analysis of their
hierarchical structure with the definition of basic, auxiliary, and additional operations was
performed.

4. On the basis of SADT principals the functional-modular structures of machines for
the formation of cargo unit in the form of functional and structural model were developed.

5. Analysis of functional and structural models of packet forming machines made it
possible to perform an optimization synthesis of their combinations .

6. Implementation of the following design stages with the use of interactive
technologies allows you to significantly reduce the time spent on design, capital costs and
obtain a reliable operation of the machine.
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AHoTauii

XapuoBi TexHosnorii

3aKOHOMIpPHOCTI CTPYKTYPOYTBOPEHHSI MapMeJiaJy JKeJIeHHOr 0 Ha arapoBuX
nojicaxapuiax i HeKTHHaX 3 HU3bKUM BMiCTOM IYKPiB

Japis Matsac!, IOmnia KamGynosa!, Onena I'onuapyk®
1 — Hayionanvnuii ynieepcumem xapuosux mexvonociu, Kuis, Yxpaina
2 — Incmumym ximii nogepxui im. O.0. Yyiixa HAH Ykpainu, Kuis, Ykpaina

Beryn. AKTyadbHOIO HayKOBOIO 33/1a4€l0 € BCTAHOBJICHHS 3aKOHOMIipHOCTEH
CTPYKTYpOYTBOPEHHsSI MapMenaay Ha arapoBHX Iojicaxapuaax 1 NMeKTHHaX 3 HU3BKUM
BMICTOM IIYKpiB (Caxapo3010, TITFOK03010, PPYKTO3010).

Marepianu i meronu. PeonoriuHi BIacTMBOCTB JIOCITIIDKYBAJI METOIOM POTALHHOI
BickozoMmeTpii. CTpyKTypHO-MeXaHiuHI XapaKTepUCTHKH JOCIIDKYBaJIA METOIOM TeHeTpanii. Y
JIOCITI/DKEHHSIX BHKOPUCTAHO MapMenaj 3 IOHIDKEHHM BMICTOM Caxaposu, TJIFOKO3H,
(pPYKTO3M 3 KOpEryBaHHSM BMICTY IYKpIB NOAaBaHHSIM IIOJIAEKCTPO3H 1 3 BHECEHHSIM
HATYypaJIbHUX CMaKO-apOMAaTHYHHUX JOOABOK Y BUTJISII IIOOBO-ATITHOTO ITIOpE.

Pesynbratn i oOroBopeHHsi. BcraHoBieHO, 110 COMOAKMM CMak MapMenany HOpH
BUKOPHCTaHHI OyJp-SIKOro CTPYKTYpOYTBOpIOBaua 3a0e3MeUyeThCs JI03yBaHHSIM caxaposd i
nroko3u 10 35 1/100r mpoxaykiii, a ppykro3u — mo 25 1/100r. TIpore 3MeHIICHHS KUTBKOCTI
IyKpPiB B CHCTEMI BiZloOpakaeThCs HA 301IBIIICHI TTOKa3HUKA 3arayibHOI qedopMaltii i JOBOIHTH,
IO CTPYKTYPHO-MEXaHIYHI BJIACTHBOCTI CYTTEBUM YHHOM 3alieXaTh BiJ IX BMICTY.
PeonorivHuMu TOCITIDKEHHSIMH KOXHOI MapMeNaJHOi Macd BHJIJICHO Jiala3oH 3HaueHb
TpalieHTy 3CyBY, 3a IKUMHU PEKOMEHIOBAHO 11 TPAHCHIOPTYBAHHS B TEXHOJIOTTYHOMY HPOLIEC.
Tax, [ MapMesIaZHOi MacK Ha arapi 3 IJIIOK03010 i caxaposoro y = 10-20 ¢’ (t = 55+3°C), 3
ppykTo3010 — 7= 5,4-10 ¢!, a60 MOXKIIUBO 3aCTOCYBaHH:A HUKUMX Temmepatyp (t = 50£3°C);
Ha k-kapparinaHi — 1yist BCix BUAiB ykpis y = 5,4—10 ¢! (t = 77+3°C), s mac 3 GpyKTO3010
1 caxapo3010 JOIyCKaloThesl HIKY1 Temmepatypy (t = 72+3°C); va H-nekrtuni — vy =5,4-8 ¢
I(t=85+3°C), a1 Mac 3 IITI0K03010 i 3 PppykTo3010 (t = 88+3°C); Ha L-IeKTHHI — 3 ITI0K03010
v =2-8 ¢! (t = 80=3°C), mns1 Mac 3 caxapo3o1o i 3 ppykTo3010 — v = 5...10 ¢! (t = 85£3°C).
BcraHoBieHuii 4ac CTPYKTYpyBaHHS MapMenajy, SIKUH II0JOBXKYEThCS IOPIBHSIHO 3
TpaguuiiianMu Bupobamu, (Ha arapi 3 60 xB 1o 120 xB, Ha k-xapparinani 3 15 xB 110 60 xB,
Ha H-nexrtuHi 3 12 xB 710 20 xB. bijbmoro Mipoto Taki 3MiHH OB’ s3aHi i3 BHECEHHSIM 3HAYHOT
KIUJIBKOCTI TIOJTIZIGKCTPO3H Ha 3aMiHy I[YKDY, sSIKa BOJIOJIE BUILOIO TipaTalliifHOIO 3aTHICTIO.
Haii6isp1 npy>KHUMU BIIaCTHBOCTSIMU BiJIPi3HSAETHCS MapMenaj Ha arapi i K-KappariHaHi, Ha
MEKTUHAX — XapaKTePU3YIOThCs OLIBIION TUIACTUYHICTIO.

BucnoBku. BcraHoBneHi Ta peKOMEHIOBaHI HACTYIHI MapamMeTpu: MaKCHMallbHa
HIBHIKICT 00EPTOBOrO pyXy MiJ Yac MepeKavyyBaHHS; TeMIlepaTypa TPaHCIOPTYBAHHS Ta
TEeMIIepyBaHHs Mac; TPUBAIICTh OXOJIO/KEHHS Ta BUCTOIOBaHHS TOTOBOTO MapMeJay.

Kunro4doBi ciioBa: sicene, mapmenao, azap, k-kappazinaw, nekmuH, yykpu.
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Ouinka IKOCTi Ta aHTHOKCHUJAHTHOI AKTUBHOCTI BiTHOBJIEHOT0 YOPHOT' 0 Yal0 Ta
koMepuiiinoro yarw (Camellia sinensis), 1octynsoro B banraaaem

Tacnima Axmen, Hasmyn Capsap
Yummazoncokuil yHieepcumem gemepuHapHux ma 300102iuHux nayk, Yummazone,
banenaoew

Beryn. [IpoBeseHi OCITiKEHSIH 3 METO YIOCKOHAICHHS TEXHOJIOTIT 111 BAPOOHHUIITBA
CyXOro MOPUIKOBOTO YOPHOT'O Yaro, 30aradyeHoro aHTHOKCHAaHTAMHU.

Martepianu Ta MeToAM. AHTHOKCUAAHTHUI PO3UYMHHHUNA YOpHUWI 4Yail OyB oTpuUMaHHiA
METOJIOM PO3IMIIIOBAIBHOIO CYIIIHHSI KOHIIEHTPOBAHOI 3aBapKu 0OpOOIIIOBaHOTO YaitHOT O
JicTs 3 BKIIOYeHHsIM BAP 3 ¢pykTiB i oBouiB. SKicTh OTpUMaHOro cyxoro (BiIHOBJIEHOTO)
4aro OyJI0 OPIiBHSHO 3 IHIIMMU KOMEPIIIHHUMY CyXHMH BUIaMH Yal0 | YalHUMU TpaHyIaMu.

Pesyabratn i oOroBopennsi. Po3poOnenHuit cyxuii dopHuii uaii MaB 100pi
XapaKTePUCTUKU B’SI3KOCTI, pellTa MOKa3HHKIB OyJIM TaKOoXK y NMPUHHATHOMY Jiana3oHi.
Bwmicr xogeiny OyB 3araoM BUCOKHM Y BCiX 3pa3Kax 4aro i craHoBuB Bifg 2,2% 1o 3,1% .
Bwmicr nonienonis 3mintoBascs Bif 17,38% no 22,67%, a po3pobieHnii cyxuii 4opHuii yaii
Ma€ BHIILY KUIBKICTh MOMI(EHOIB y MOPIBHSAHHI 3 IHIIUMHM 3pa3kamMu. BMicT TaHiHIB y BCiX
3pa3kax KommBascs Bij 7,42 mo 10,43%, Toami sk po3poOJieHWi Cyxwii YOpHMI 4ail MaB
HaMEeHIIMH BMiCT NOYKUBHHUX PEYOBHH, HIXK 1HII 3pa3ku. Po3po0ieHunit po3unHHMiT YOpHUA
Yaii TIOKa3aB HAHOULIBIIy aKTHBHICT 3a METOAOM pajukaibHoro oumineHas DPPH (1,
ldiphenyl-2-picryl hydrazyl) a moriM — KOMepLiiiHUII MUTTEBMIA 3eleHUN 4all 1 TpaHyiIn
YOPHOTO Yalo.

BucnoBku. Po3poGiennii cyxuii yopHMil yaii MaB OUIBII BUCOKY aHTHOKCHIAHTHY
3JIATHICTB Ta KIbKICTh O ()EHOIB, HIX 1HIII OaHIIaenIchKi Yai, i Moke OyTH 3aMiHHHKOM
MIPUPOJHUX AHTUOKCHIAHTIB 1 SIK TEPCHEKTUBHUN areHT Uil CHPUSTIMBOIO BIUIMBY Ha
3/10pOB'sl JIFOJIUHHU.

KarouoBi ciioBa: uaii, anmuokcuoanm, kogein, nonigpenon, manin, banenaoew.

BB TepmiuHoi 00p00KM NAPOKOHBEKTOMATOM HA MAPHHOBaHE M'SICO TMKHX
TBapuH

Jroamua Ienryk, Onekcanap ['op6au, Oner I'anenko, Hina Bynnik
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Meroro nociipkeHb Oylio OOIpYHTYBaHHS MOXKIIMBOCTI BHKOPHCTaHHS Pi3HHX
CHoco0iB TEpMIYHOI0 OOpOOJISIHHS B TEXHOJIOTI] MapWHOBaHMX HamiB(aOpUKaTiB 3 M’sca
JIMKUX TBAPUH Ta BU3HAYEHHS HOTO ONTUMAIILHUX PEXHUMIB.

Marepiasmm  Ta Metomu. JIOCHIDKYETHCI  TEXHOJOTIS — TEIUIOBOTO  OOpOOJISTHHS
MapHHOBAHOTO HamiB(paOpHKaTy, M’sICO TUKOro kabaHa, MapUHAIH, MIANUIAK MMiCS PI3HUX
CHOCO0IB  TEIIOBOro oOpoOnsHHs. J[1si BH3HAUeHHS BMICTY 3alli3a BHUKOPHCTAHO
cynb(hocaninIOBUil METONl BU3HAYCHHST OKCUY 3aJliza, a Ul BMICTY IIMHKY i1HBEpCIHHHN
BOJIbTAMIIEPOMETPUYHUI MeTon. B poboTi TakoX BHKOPHCTAHMH METON BH3HAYEHHS
iH(paYepBOHUX CIIEKTPIB 3a IONOMOroro npuwiany «Iadparmimn.

Pe3yabTaTi i 006roBopennsi. Xap4oBy IiHHICTh M’sica IUKUX TBApUH OLIHWIH 32 (Pi3HKO-
XIMIYHAMH TOKa3HUKaMH. BcTaHOBIEHO, 110 332 (Pi3MKO-XIMIYHUMH TOKa3HUKaMH M’SICO
JIMKUX TBAPUH HIYMM HE MOCTYMAETHCS M SICY CLIIBCHKOTOCIIOIAPCHKUX TBAPHH — CBUHHHI Ta
SUTOBHYMHI, @ HABMAKHU TI0 BMICTy OUIKy mepeBakae Ha 2,9-6,8 %.
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JloBeneHo, 10 3a aMiHOKHCIIOTHUM CKJIAZOM M’SICO TUKOrO KabaHa HE IOCTYIA€ThCS
CBUHMHI, a 32 TaKUMH aMIiHOKHCJIOTaMH, SK BaJiH, i30JCHIMH, JCUI[UH, TPECOHIH Ta
TpuntoaH 3HAYHO TepeBakae Horo. Takok BOHO IMEpeBakae CBHHUHY 3a CYMapHOIO
KIJIBKICTIO HE3aMIHHUX Ta 3aMiHHHAX aMiHOKucaoT Ha 2,45 ta 0,81 /100 r Oiy1ka BiamoBigHO,
1 BOJIOZI€ BUIIUM OLIKOBUM AKiCHUM mokasHukoM Ha 0,35 1/100 r Ginka.

[opiBHsUTbHA OLIHKA BIUIMBY PI3HHUX METOJIB TEIUIOBOI OOPOOKHM HA BHXiJ IIAIUTHKY
BHUSBMJIA TIEPEBard BHUKOPHCTaHHSA mapokoHBekromary Ta HBU mepenm  TpamuimidHUM
JKapiHHAM 1 00POOKOI0 Ha TMapy. SHIKCHHS BTPAT BMICTY BOJIOTH B TOTOBOMY IPOAYKTI Ha
23% micast oOpoOJISIHHA B MApOKOHBEKTOMATI CJIYTY€ NPUYMHOIO 30UIBIICHHS BHXOMY
HIANUTAKY.

[IpuroryBaHHs NPOAYKTIB B IApOKOHBEKTOMATi 3JIMCHIOBAIM 3aBISKA KOHBEKIIIT
rapsgoro IOBITPs, YTBOPCHOTO 3a PaxyHOK HarpiBaHHs enekrpudnux TEHiB a6o rasy.
[MocTiiHa HUPKYIALIS rapsuoro MoBiTps 3abe3nevyBasia piBHOMIpHE MPOITiKaHHS POIYKTIiB
B II€Yi 1 IIBWJAKICTh IX NMPUTOTYBaHHsA. Y IApOKOHBEKTOMATi BCTAaHOBJIEHO (POPCYHKOBA
cUcTeMa 3BOJIOXKCHHS, TOMY BOJIOTICTB MOBITPS B po00OUiit kamepi Oyiia peryab0BaHO0.

BucHoBkH. PekOMEHIOBaHO TEXHONOTIUHHA pPEXHM U1 OOpPOOKHM IIANUINKY B
napokonBekTomati t=220-260 °C, ¢=15% npotrsirom 9 xBuimH. MiHepanbHUNA CKIIad M'sica
JIUKOTO KaOaHa IepeBepIIye M’sICO CBUHUHHM 332 BMICTOM PSIy MIKPO- 1 MaKpOEJICMEHTIB.
Bucokwuii BMmicT 3aimiza — 1500 mkr/100 r B M'sici TUKOro kabaHa — 3IaTHHHA 3aJ0BOJIBHUTH
20% no00BOrO paIlioHy JFOHHU.

KurouoBi ciioBa: nanisgpabpuxam, wiauwiiuk, Oudura, NApoOKOHEEKMOMAM.

BuznauyeHHs 610/10TiYHO-AKTUBHUX PEYOBUH Y KOHIIEHTPATax 0i1KOBO-SITiAHUX

I'pex Onena, Onormpiituyk Onena, [Tiennuna Tersna, Tumuyk Anna
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. AkTyanbHHM € JIOCHIDKEHHS TONI(EHONBHUX CHONYK Ta aMiHOKHCIOTHOTO
cKjIany OUIKIB, y TOMY YHCII BMICTY BIJIBHHX 1 3B S3aHHUX aMIHOKHCIIOT, B KOHIICHTpaTax
O1JIKOBO-SITITHUX, OTPUMAHHUX TEPMOKHUCIOTHHM OCAKCHHSIM.

Marepianu i Meromn. KoHieHTpaTy O1KOBO-ATiIHI OTPUMYBAIH TEPMOKHCIOTHHM
0Ca/DKCHHSIM OIJKIB MOJIOKa 13 BHKOPUCTAHHSAM B SKOCTI KOaryjlisHTy — IIacTH
YOPHOCMOPOIMHOBOI, IO € JDKEPEJIoM OiOJMOriYHO-aKTHBHUX PEYOBHH — BITaMIiHIB,
MiHepasiB, mnomideHoNiB Ta iH. AMIHOKMCIOTHHH CKJal Ta TONi()EHOIbHI CIIONYKH
BH3HAYAJd METOJOM BHCOKOC(EKTHUBHOI pPIAMHHOI XpomaTorpadii 3 HACTyIHOIO
ineHTH(IKAIEI0 OKPEMHUX CIIONYK B JIOCHIPKYBaHMX EKCTPAKTaX KOHLEHTPATIB OLIKOBO-
STIHAX IUIIXOM TOPIBHAHHA 4Yacy YTPUMYBaHHS 1 CHEKTPaJbHUX XapaKTEPUCTHK
JOCTIPKYBAaHUX PEUOBUH 3 aHAJOTTYHHUMH XapaKTCPUCTUKAMU CTAaHIAPTIB.

Pesyabrat i 06roBopenHs. Pe3ynbratu OTpEMaHHMX JOCIIKEHBb IMONi(QEHOIBHOTrO
CKJIany Oynu IpoaHajli30BaHi MOPIBHAHO 3 KOHTPOJIEM (TIaCTOI0 YOPHOCMOPOAWHOBOIO) Ta
BU3HAYEHO CTYIIHb X MEpPEeXoay B KOHIEHTPATH OUIKOBO-ATi[HI, IO CKJIanae ONM3bKO
55,31 % nonieHONBHHUX CHONYK, B TOMY YHCI1 aHTOIIaHiB.

Binki KOHIIGHTPATIiB MAalOTh IOBHOIIIHHUN aMIHOKHUCIOTHHH CKJIax 1 MICTATh BCi
He3aMiHHI aMiHOKHCIOTH, BMICT SIKUX BiJl 3araJIbHOi CYMH CTAHOBHUTB JJIS O1IKOBO-SITITHUX
Ta MOJIOYHO-01KOBUX — 41,97 % Ta 43,96 % BinnosinHo. B koHIEHTpaTax i1eHTH()IKOBAaHO
18 BibHUX Ta 16 3B’sA3aHUX aMIHOKHUCIIOT, i3 SKHMX IEPEBAKAIOTh IIFOTAMIHOBA KHUCIIOTA,
TICTUAMH, METIOHIH, JICHIIMH Ta MPOJIiH.

BuzHaueHo 3aMiHHI aMiHOKUCIIOTH, BMICT SIKUX BiJl CyMH 3araJibHUX amiHokuciior B KBS
ta KMB (xoHTpons) cranoButh 58,03 % Ta 56,04 %. 36imemiyethes BMict HAK B
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KOHLIeHTpaTax OimkoBo-srigunx Ha 14,75% Tta 3AK Ha 24,45 % 3a HacTymHHUMH
aMiHOKUCIIOTaMu: TpeoHiH Ha 0,156 Mr%, misun Ha 0,21 Mr%, Tpunrodan Ha 0,221 mMr%,
¢eninananin — 0,525 Mr% nopiBHSIHO 3 KOHTPOJIBHUM 3Pa3KOM.

BucnoBku. KoHnenTpaTy G1IKOBO-AT1IHI MaJii BMICT MOMi()EHOIBHUX CIIONYK HA PiBHI
331,86 wmr/100r, mo xapakrepuzye iXx mpupogHe (¢ioneroBe 3abapBIEHHS.
Awminokucnotauii ckiian B KBS 36inemmses Ha 20,18 % MOpiBHIHO 3 KIACHYHUM MOJIOYHO-
OIIKOBUM KOHLIEHTPATOM, SIK pe3ylbTaT KOMIUIEKCHOTO OCa/DKEHHs KaseiHy Ta
CHpPOBAaTKOBHUX OLJIKIB.

KarouoBi ciioBa:  xowyewmpamu,  Koazynisyis,  nonigpeHonu,  AMIHOKUCIOMU,
xpomamoepagis.

BrniuB yMOB NpoponIyBaHHS HA AHTHOKCUAAHTHI BJIACTHBOCTI Ta BMICT OiJIKY y
coueBmui (Lens culinaris) ykpaincbKux copTiB

Ipuna Scinceka, Bikropist [BanoBa
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. IlpoBemeHo mociifpkeHHs 3MIHM aHTHPaIUKalbHOI aKTUBHOCTI, BMICTY
(PEeHONBHUX CITOJYK, acKOpPOIHOBOI KHCIOTH Ta OUIKYy Yy 3€pHI COYEeBHII B IIpoIeci
MIPOPOIIYBAaHHS 33 PI3HUX YMOB OCBITJICHHS.

Martepianu i MeToan. Y SKOCTI TOCHITHUX 00 €KTIB BUCTYIAJIH JBa YKPATHChKi COPTH
coueBui — Jlyranuanka i CBiTaHOK. 3arajJbHHMIA BMIiCT (PCHONBHHX CIONYK Y 3pa3kax
Bu3Hauanu 3a MmerogoM Domina-Yokanbrey, piBeHb ackopOiHOBOI ~ KHCIOTH —
KOJIOPUMETPHYHO, AHTUPAIUKAIBHY AKTHBHICTh - 3 BUKOPHCTAHHSIM
mudeninnikpuirinpasmwty (JPIIT), BMicT 6Ky aHamizyBamu MetoqoM K’enpaast.

PesynbraTn i o0roBopeHHsi. Pe3yiabTaTd JOCTIKCHb ITOKAa3aid, IO IMiJ Yac
MIPOPOIIYBAHHS B COYCBHII 30LTBIIYETHCSA BMICT ()EHONBHUX CITONYK, aCKOPOIHOBOT KUCTIOTH
Ta 3pOCTAa€ aHTHPAIUKaJIbHA aKTUBHICTh, OCOOIMBO P MPOPOIIYBaHHI 32 YMOB OCBITIICHHSI
JIeHb/Hi4. BMicT OiNIKy y COYeBHIII ITPOTSATOM MPOPOLIYBAHHS 32 000X PEXUMIB OCBITICHHS
TIOCTYTIOBO 3HIKYBABCSL.

Haii6inpmmii npupict QeHoNbHUX crnoiyK Oyno 3adikcoBaHO Yy COYEBHUII COPTY
Jlyranuanka Ha 3—4-1i IeHb IPOPOIILYBaHHS 32 YMOB OCBITJICHHS JI€HB/HiY, JIe IPUPICT CKIIaB
61136K0 65%.

AwnanoriyHa curyauiss Oyna 3adikcoBaHa INpH BH3HAY€HHI BMICTY acKOpOiHOBOI
kucnotu. Il piBeH» y couesmmi copTy JIyraHuaHka, TpOpPOIIEHOi 3a YMOB OCBiTJEHHS
JIeHb/Hi4, OyB BHIIUM y 6 pa3iB, MOPIBHSHO 31 3pa3kaMH HE HPOPOILIEHOI COYEBHII IHOTO
COpTY.

HaiiBuinma aHTHpanukaibHa aKTHBHICTH Oylla y COYEBHMII HANPHUKIHII Tpolecy
npoporyBanHsa. OMHaK BCTAHOBJICHO, IO IPOPOIYBAHHS MiC/s 5-T0 JHS B JOCIIHKYBAaHUX
YMOBaX € HEMPHITYCTUMUM, OCKUTBKH BiI0yBasIoCs ICYBaHHs MapocTKiB. HaliHmkumii piBeHb
301IbIIEHHST AaHTUPAAUKAIBHOT aKTUBHOCTI (0m3bko 60 %) 3adikcoBaHO Y COYEBHII COPTY
CBIiTaHOK, ITPOPOIICHOI Yy TeMHOTi. Haii0ible miBUIICHHS aHTHPaAUKaIbHOI aKTUBHOCTI
CcTaHOBHIIO Oyin3bko 550% y 3paskax copTy JIyraHuaHka 3a yMOB OCBITJICHHS JICHB/Hid.

BucnoBku. Pe3ynpraTti nmokasainy, 1o IpopoIeHi 3pa3ku COUEBHIIl 000X COPTIB Malld
Kpallli aHTHOKCHUAAaHTHI BJIaCTHBOCTI, MOPIBHSHO 3 HENPOPOLIEHOI CHPOBHHOK. OneprkaHi
pe3ynbTaTd MOXYTh OYTH KOPHCHUMH IIpU PO3pOOJIeHHI (DYHKIIOHAJbHUX Xap4OBHX
MIPOJYKTIB.

Kunrouosi ciioBa: Couesuys, npopowysans, aHmuokcuoanm, 6ilox, 0ceimaeHus.
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XapuyBaHHSA i 300pOB’s

IIpuiiMmaHHA Xap4yoBoOro Kaablilo i MiHepanbHa IIJILHICTh KiCTKOBOI TKAHMHHA Y
MAaKeJOHCHKHUX KiHOK y MOCTMeHonay3i

Janiena HikonoBcbka HenenkoBcbka, Tans Tedosa, 3opa Y3yHocka
VYuisepcumem Cs. Knumenma Oxpiocvkoeo, Benec, Pecnyonixa Maxeodonis

Beryn. HenocraTtHe Crio)KMBaHHS KalbI[iI0 TPU3BOAWTD JI0 3HIKEHHS MiHepaizarii
KICTKOBOI TKAHHHU 1, OTKE, 10 IMiABHIIECHOTO PU3UKY OCTEOIIOPO3Y.

Martepianu i meromm. [ocnigny rpymy ckmamu 104 >KiHKM B MOCTMEHONAYs3i.
MinepaibHa mibHICTE KicTkoBOI TkanuHu (MILT) Ha momepekoBoMy Bimmini xpeOra i
CTeTHAX YYaCHUKIB BHUMIpIOBANACsi METOIOM pPEHTIreHiBChKoi abOcopOriomerpii (DXA).
Jlo6oBe cnoxuBanHsa Kainblio (DCI) ouiHroBamM 3a KUNBKICHAM OIMHUTYBAaHHSM YacTOTH
nponyktiB (FFQ). YuacHukM 3amoBHIOBANIN aHKETY, sIKa BKIFOUAla 3arajbHi AeMorpadiuHi
JIaHi Ta TUTaHHS PO OCOOMCTY 1 CIMEHHY iCTOpIiO MepesoMiB, HACTaHHSI MEHOIIay3H, CIIOCiO
KHUTTS | BUKOPUCTAHHSI KOPTUKOCTEPOIIiB.

Pesyabratn i obroBopennsi. CepenHbom000BE CIIOKMBAHHS —KalbIlil0 Ceper
YYACHHUKIB JOCITIHKEHHs CTaHOBIIO 854,3+260,4 MT, 110 HWXKYE KaJIBI[IEBOTO CIIOKUBAHHS
(RNI) st xiHOK y mocTMeHomay3i. PesynabraTv mboro JOCIIKEHHS ITiATBEPIUIH, IO
3HIKCHHS MiHEpaIbHOT IITBHOCTI KicTKOBOI TkaHuHHU (MIIT), 3adhikcoBaHOI 3a TOITOMOT 0F0
T-GautiB, 3aJ1€KHUTH BiJ] BiKy Ta BHOOpPY MICIsl BUMipPIOBaHHSL.

Binbm Bucoka maca Tina i ingeke macu tina (IMT) y yd4acHUKIB acoLitolOThCs 3 O1IbIT
Brucokoro MILT. 3HmKeHHs IiTBHOCTI KICTKOBOI TKAaHWHH CEpe] KIHOK Y IMOCTMEHOMay3i
OyJI0 MOB'sI3aHO 3 HASABHICTIO IMOIEPEIHIX OCOOUCTUX IMEPETIOMIB Ta CIMCHHMM aHAMHE30M
TIepeIoMiB y IIarHOCTOBAHUX 0Ci0, HEOCTATHBHOIO (DI3NYHOIO0 aKTUBHICTIO 1 IIepeOyBaHHIM
Ha COHIII.

BucHoBkn. BuBYeHO HEOOXIIHICTH KaJIBIIIIO B pallioHI Ta OTPUMAHO 3HAHHS IIPO
(akTopu croco0y KHTTS, SKi BIUIMBAIOTh Ha BTPATy KiCTKOBOI TKAHWHH, HEOOXITHI IS
3MEHILIEHHS PU3UKY OCTEOINOpO3Yy Ta MOB'3aHMX 3 HUM NIEPEIOMIB Y KIHOK Y IOCTMEHOMAY31.

Kutio4oBi cnoBa: ocmeonopos, sicinka, kanvyil, Kicmka, MiHepan, NOCMEHONAy3d.

be3neka XUTTERIANbHOCTI

®opMyBaHHA IHTeJeKTyalIbHUX areHTiB iH(opManiiiHo-aHAJITHYHOI cUCTeMHU
yYIpaBJaiHHA 6e3MeK010 Ha MiANPUEMCTBI

Onbra €Brymenko, Anina Cipux
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. IIpoBemeHo mocmikeHHS 3 MeTO0 (DOPMYBAaHHS KOHIICNTYaJIbHOI MOJENI
IHTENEKTyaTbHO-1HQOPMAIIIHOT Ta AHAJITHYHOI CHCTEMH YIIPABIIIHHSI OXOPOHOIO TIpalli
i IPHUEMCTB XapUOBOI IIPOMHUCIIOBOCTI.

Marepianu i Metonu. [I)i1 BUPIMICHHSA IOCTAaBJICHUX 3aBIaHb BHKOPHUCTOBYBAJIUCS
METO/I CHCTEMHOT' 0 aHaJIi3y, OCHOBHI KJIACH apXITEKTYpH CHCTEM IHTEJIEKTyaJIbHUX areHTIB,
MaTeMaTHYHa JIOTiKa, Teopis (OPMAIbHUX CHCTEM 1 YHCICHb, IO XapaKTepHI Ui
TpaBMAaTUYHUX IMPOIIECIB HA MMiAMPUEMCTBAX XapUOBOi TPOMHCIOBOCTI.
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Pe3yabraTu i 06roBopennsi. BcraHoBneHo, 1110 3a1pONOHOBaHa KOMIUIEKCHA CHCTEMa
aBTOMAaTH3allii yIpaBIiHHSI OXOPOHOIO Tpali AJs MiANPUEMCTB Xap4yOBOi IPOMHCIOBOCTI
MOXe OyTH BUKOPHCTaHA /ISl YOCKOHAJICHHS YIIPaBIIHCHKHUX PillleHb 010 ONEPAaTHBHOIO
aHaJli3y YMOB TIpalli Ha MiJIPUEMCTBI, BU3HAYECHHs HANPsMIB 3an00iraHHs BUPOOHHYOMY
TpaBMaTH3My Ta OpraHi3allifHUX 3aXO[iB IIO0 3aXUCTy MNPAI[iBHUKIB. 3alpOIIOHOBAHO
MOJIETIb IHTEJEKTYyalbHOI'O0 areHra B CTPYKTYpl iH(opMmauiiHO-aHATITHYHOI CHCTEMHU
YIpPaBIiHHS Taly3eBUX MIANPUEMCTB, sKa BIAPI3HAETHCS THUM, IO (OPMYETHCS
iH(hOpMAIIHUIA MPOCTIp 1HTENEKTYaJbHUX areHTiB, BpaXOBaHO MOJENb MEXaHi3My BUOOpY
HOBEJIHKU Ta 3MICT MOJENi BU3HAUCHHS METU IHTEIEKTYaJbHOTO areHTa, IO I03BOJIIE
BU3HAYUTU JMHAMIKY PO3BHUTKY MYJIBTHAI€HTHOTO CEPEIOBHUINA, BIIOPSIKYBATH 1€PAPXIif0
uiteit B iHopMmauiiHO-aHANITHYHIA CHCTEMi yNpaBIiHHS OXOPOHOI TMpali Ha
MAIIPUEMCTBAX 1 cOpMyBaTH pi3Hi CTpaTerii poOOTH IHTENEKTYa IbHUX areHTiB. PesyiabraTu
poOOTH CHIPHSIOTH MPHUHIMITY 3aCTOCYBaHHSI PO3BUTKY OXOpPOHHM Ipalli SIK AIarHOCTHKU Ta
MOJICITFOBaHHS HEOC3MEUHUX CUTYAIlil, TaK 1 OLIHKHU 1X HACIIAKIB.

BucnoBku. Haii0inpmn panioHaJbHUM pIIIEHHSM ISl TiJABUIIEHHS O€3MeKd mpari
MAPUEMCTBA IUISIXOM BIIPOBADKEHHS B 1H()OpPMALiiHO-aHATITUYHY CUCTEMY YIPaBIIiHHS
OXOPOHOIO IPalli TAKUX EIEMEHTIB, K IHTEJICKTyaJbHI arcHTH.

KurouoBi ciioBa: desnexa, nionpuemcmeo, npays.

Mpouecu i o6napHaHHA
Oﬁ’CKTHO-OpiEHTOBaHe MNPOCKTYBAaHHA MAKYBAJIbHUX MAILIMHHA 3acajax MEXATHOHIKH

Onexkcanap I'aBBa, Jlroqmuina Kpusornisic-Bononina, Osena Koxan
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. JlocmiokeHHsST TPOBENEHO 3 METO (OpPMYBaHHS OCHOBHHMX MPUHIIUIIIB
00’ €KTHO-OpIEHTOBAHOTO MTPOCKTYBAaHHS MaKyBaJIbHUX MallIWH Ha 3aca/laX MEXaTPOHIKH.

Martepianun i meromm. OO’€KTOM JIOCHIIKEHHS € MamMHA st (OpMyBaHHS
301IBIIEHUX BAHTA)XXHUX OAMHMIL 13 TPYIOBHX YIAKOBOK. MeETOqOM JOCIIIKEHHS €
00’€KTHA JICKOMIIO3HIIISA i3 PO3POOJICHHSAM JIOTiYHOT, (Pi3UYHOI, CTATUUHOI W JMHAMIYHOT
MoJIesIel MPOeKTOBaHOI MalIMHK Ta il 00’ €KTHO-OpiEHTOBAHOW aHai3 1 CHHTES.

PesyabraTtu i o6roBopenns. CydacHi OaraTodyHKIiOHANbHI, BUCOKOIPOIYKTHUBHI
MaKyBaJIbHI MAIlIMHU aBTOMATHUYHOI JIiT 1Ie MEXaTPOHHI CUCTEMH, 1[0 MalOTh YOTHPH OCHOBHI
CKJIJIOBI: TEXHOJOTIYHY, €HepreTH4Hy, iHdopMaliiiHy Ta MexaTpoHHY. Po3poOneHHs
Cy4acHHX MEXaTPOHHHX IaKyBaJIbHUX MalluH MOTpeOye pO3B’s3aHHS CKJIAJAHUX 3a1ad B
SIKMX BPaXOBYIOTHCSI B3a€EMO3B’I3KH MK PI3HUMH CKJIaJJOBUMH, IX PEAKIlil0 Ha 30BHIIIHI Ta
BHYTpilIHI jgectabinizytoun ¢axropu. Jns po3B’si3aHHS TakuX 3ajad 3aIlpOIIOHOBAHO
3aCTOCYBaTH METOAHM 00 €KTHO-OPIEHTOBAHOTO MPOEKTyBaHHs. P03po0JjeHO TOIONOTi0
00’€KTHO-OPIEHTOBAHOTO KOHCTPYKIIIHO-TEXHOJIOTIYHOTO IPOEKTYBaHHS MaKyBaJbHOI
MAalllMHM Ha 3acajiaXx MexaTpoHiku. Ha mepmiomy erami NMpoeKTyBaHHs IPOBEIEHO aHali3
TEXHOJIOTIYHOIO Tporiecy (OPMYBaHHs TPAHCIIOPTHOI'O IaKeTa B MOAAIBIIOMY Ha OCHOBI
3acan SADT cdopmoBaHO iepapXiuHa CTPYKTypa MaIllMHHU, TOOYAOBaHI (YKIiOHAJIbHI Ta
CTPYKTYpPHI MOJIEIi, MPOBEICHO JACKOMIIO3HILI0 CIy»00BOT (PYHKIIT MaluHu, po3podsIcHa
(YHKI[IOHAJIBHO-CTPYKTYpHA cxeMa MalnHu. DyHKIIOHATIBHO- CTPYKTYpHA CXeMa MallluHA
BEJICHHS IapaMETPUYHOr0 CHHTE3Y 13 BHOOpOM HaiKpamux abo ONTUMajbHUX 3HAYEHb
T€OMETPUYHHX, KIHEMATHYHHX, IMHAMIYHUX Ta EHEPTeTHYHHX ITapaMeTpiB.
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BucHoBkH. 3ampornoHoBaHa METOIOJIOTIS IHTEPaKTUBHUX TEXHOJIOTIH MPOEKTYBaHHS
MaKyBaJIbHUX MAIlUH JIA€ MOXKIIMBICTh 3MEHIIIUTH BUTPATH Yacy (110 45%) Ha IpoeKTyBaHHS,
KaIliTajabHi BUTPATH Ta OJiepKaTH (QYHKIIOHAJIBHO HAIIHY B €KCIUTyaTallii MalluHy.

Karo4doBi ciioBa: ynaxkosxa, mawuna, mexampouixa, Mooyiv, 2pap.
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Instructions for Authors

Dear colleagues!

The Editorial Board of scientific periodical «Ukrainian Journal of Food Science»
invites you to publication of your scientific research.

Requirements for article:

Language — English

Size of the article 8 — 15 pages in Microsoft Word 2003 and earlier versions with
filename extension *.doc

All article elements should be in Times New Roman, font size 14, 1 line
intervals, margins on both sides 2 cm.

The structure of the article:

1. The title of the article
2. Authors (full name and surname)
3. Institution, where the work performed.
4. Abstract. The structure of the Abstract should correspond to the structure of the
article (Introduction, Materials and methods, Results and discussion, Conclusion)
5. Key words.
6. The main body of the article should contain the following obligatory parts:
— Introduction

Materials and methods
Results and discussion
— Conclusion
— References
If you need you can add another parts and divide them into subparts.
7. The information about the author (Name, surname, scientific degree, place
of work, email and contact phone number).

All Figure s should be made in graphic editor, the font size 14.

The background of the graphs and charts should be only in white colour. The
colour of the Figure elements (lines, grid, text) — in black colour.

Figure s and EXCEL format files with graphs additionally should submit in
separate files.

Photos are not appropriate to use.

Extended articles should be sent by email to:
ukrfoodscience@meta.ua
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Ukrainian Journal of Food Science nyOuikye opuriHaabHi HayKOBi CTaTTi, KOPOTKI
TOB1IOMJICHHSI, OTJISIZIOBI CTaTTi, HOBHHU Ta OTJISIIH JIITCPATYPH.

Temaruka nyonikaniii B Ukrainian Journal of Food Science:

XapyoBa iHXeHepis HanorexHnomorii

XapyoBa xiMmist [pouecu Ta obmaaHaHHS

Mixkpobiosnoris ExoHomika Ta yrpaBiiHHs

BrractuBOCTI Xap4OBHX MPOIYKTIB ABTOMaTH3AIlisI IPOLIECIB

SIkicTh Ta Oe3rieka XapuoBUX TPOAYKTIB YnakoBKa Juisi Xap4OBHX MPOYKTIB
310poB'st

MepiognunicThb KypHaIXy 2 HOMepH Ha Pik (YepBEHb, IPY/ICHD).

PesynbTaTi MOCIiIKeHB, IPEICTABIICHI B XKYPHAIi, [IOBUHHI OYTH HOBUMH, MAaTH 3B's130K
3 XapuoBOK HAYKOK 1 TMPEACTaBISATH IHTEpeC JJIsI MDKHApPOAHOTO HAayKOBOT'O
CITIBTOBAPHCTRA.

Ukrainian Journal of Food Science iHnekcyeTbcsi HAyKOMETpUYHUMH Oa3aMu:

EBSCO (2013)

Google Scholar (2013)

Index Copernicus (2014)

Universal Impact Factor (2014)

Directory of Open Access scholarly Resources (ROAD) (2014)
CAS Source Index (CASSI) (2016)

FSTA (Food Science and Technology Abstracts) (2018)

Ukrainian Journal of Food Science BxiroueHo y nepenik HaykoBuX (paxoBHX BHIaHb
VYkpainu 3 TeXHIYHHX HAYK, B SIKOMY MOXYTh IYONIKYBAaTHUCS pE3yJIbTaTH NUCEPTAIliHHIX
pobiT Ha 3700yTTSI HAYKOBUX CTYIEHIB JOKTOpa i KaHauiara Hayk (Hakxa3 MinicrepcTBa
ocitu i Hayku Ykpainu Ne 793 Bin 04.07.2014)

Penensisi pykomucy crarri. HaykoBi crarti, mpeacramBieHi s myOnmikaiii B
«Ukrainian Journal of Food Science» mnpoxomsTh «mojBiiiHe ciiilie pereH3yBaHHs»
(pelLeH3eHT He 3Ha€, YUI0 CTATTIO PELICHBYE, 1, BIAMOBITHO, aBTOP HE 3HAE PELICH3EHTA) JIBOMa
BYCHUMH, MPU3HAYCHUMH PENAKIIHOIO KOJETI€I0: OIUH € WICHOM PEIKOJerii, 1HIIMH —
He3aJeXHUN ydeHui.

ABTOpCBHKe MpaBo. ABTOPH CTaTeil TapaHTYIOTh, 1110 poOOTa HE € TIOPYHICHHM OY/Ib-
SIKAX 1CHYIOUMX aBTOPCHKHUX IPaB, 1 BIIIKOAOBYIOTh BHIABIIIO MMOPYIIEHHS JJAHOI rapaHTii.
OnyOmnikoBaHi Matepiasu € npaBoBoto BiacHicTio Bunmasipsl «Ukrainian Journal of Food
Sciencey, SIKIIIO HE Y3rO/KEHO 1HIIE.

Monituka axagemiunoi eruxu. Penaxiuis «Ukrainian Journal of Food Science»
KOPHUCTYEThCS TIPAaBUIAMH aKaJeMIYHOT €TUKH, BUKJIaJeHUMH B mpaii Miguel Roig (2003,
2006) "Avoiding plagiarism, self-plagiarism, and other questionable writing practices. A
guide to ethical writing”. Penmakiisi mpomoHye aBTOpaMm, pelEH3eHTaM 1 4YHhTadam
JOTPUMYBATHCS BHUMOI, BUKJIAJCHHX Y IIbOMY ITOCIOHHKY, MO0 YHHUKHYTH HOMHJIOK B
oopMIIeHHI HAYKOBUX IIpallb.
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Ukrainian Journal of Food Science

PepakuiitHa xonerisi
I'osioBHMII penakrop:

Amnarouniii Ykpainenb, 1-p. TexH. Hayk, npod., Hayionanvhuii ynisepcumem xapuosux mexmonoeii,
Ykpaina

Ynenu pepaxuiiiHoi koJerii:

Anexkcanap IBaHoOB, n-p. TexH. HayK, mpod., MOruabOBCbKHI AepKaBHUK  YHIBEpCHUTET
poaoBoNIbCTBA, Pecrybnika benapycs

Amnaromiii CaliraHoB, 1-p. €KOH. HayK, 1pod., [ncmumym cucmemnux docniodcenv ¢ AIIK HAH
Benapyci

Anxeii KoBanwcki, n1-p, npod., lncmumym acpapnoi ma xapuooi exonomiku — HOYIOHATbHULL
Odocnionuil incmumym, Ionvwa

AnToHeJa JIopoxoBHY, I-p. TEXH. HayK, pod., Hayionanenuii ynisepcumem xapuosux mexmonoeiil,
Ykpaina

lamuna Cimaxina, a-p. TexH. Hayk, npod., Hayionanohuii ynieepcumem Xapuosux mexHONO2i,
Ykpaina

3anpsina JlenkoBa, 1-p, npog., Vuisepcumem xapuosux mexnonociii, m. Ilnosous, boneapis

IBan Mane:xuk, 1-p. TeXH. Hayk, npod., Hayionanenuil ynisepcumem xapuosux mexmonoeiu, Yxpaina
JliBiy I'auey, 1-p, npod., Tpancineeanceruii ynisepcumem bpawosa, Pymynis

Muxona CuueBCbKHI, 1-p. €KOH. HayK, Ipod., [ncmunmym npodosonvuux pecypcie HAAH Vkpainu
Mapk WMamuosan, 1-p., 101., YopHomopcvka acoyiayisi 3 Xapuoeoi HAyKu ma mexHono02ii,
Pymynia

Ounexcanap Cepborin, 1-p.TexH. Hayk, npod., Hayionanvhuil ynieepcumem xapyogux mexmonocit,
Ykpaina

Ounexcanap lleBuenko, 1-p.TexH. HayK, pod., Hayionanvhuii ynisepcumem xapuogux mexnonoeit,
VYkpaina

Ounena I'paGoBcbka, 1-p. TexH. Hayk, npod., Hayionanvuuil ynisepcumem xap4osux mexnonocit,
Ykpaina

Cranka JlamsinoBa, 1-p, Pycencokuil ynigepcumem, @inis 6 m. Pazepao, Boneapis

Tersna [Tupor, x1-p. 6ion. Hayk, npod., Hayionanvnuii ynieepcumem xapuosux mexnonocii, Ykpaina
Ounexciit ['yGenst (BioBianbHUIA ceKkpeTap), KaH. TeXH. HayK, NowL., Hayionanvhuil ynigepcumem
Xapuosux mexnonoei, Yxpaina.
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Bumoru 10 opopMiieHHs cTaTel

Mosga cratTi — aHrJiichKa.

PexomennoBanuii odcsr cratri — 8-15 cropinok (ms ormsimoBux crated — 20-30
cTopiHoK) popmary A4.

Js Beix (1) enementiB crarti mpudt — Times New Roman, kernb — 14, iHtepBan — 1,
ab3an — 1 cm.

CtpykTypa cTaTTi:
1. Ha3Ba crarri.
2. ABtopu ctatTi (iM’s Ta npi3BUILE NOBHICTIO, pukia;: [eHuc O3epsiHKO).
3. Yemanosa, 6 sxiil suxonana poboma.
4. Awnoranis. PexomenmoBaHuii 00csr aHoTamii — IiB CTOpPIHKH. AHOTAIlisl TTOBHHHA
BiJIMIOBIIaTH CTPYKTYpi CTaTTi Ta MicTUTH po3aiiau Berym (2-3 psaxu), Martepianu i metoan
(o 5 psanxiB), PesynbraTi Ta 0OropopeHHs (miB cropinku), BucHoBkY (2—3 psiakw).
5. Kirouosi cioBa, 3—5 ciiB, ajie He CIOBOCIIONYYeHS (!).
IIynkTu 1-5 BUKOHATH aHIIiHCHKOIO | YKPaiHCHKOI0 MOBAMM.

6. OcHOBHHII TEKCT cTaTTi. Mae BKIIIOYaTH Taki 000B’SI3KOBI PO3IiIH:

— Beryn

—  Marepianu Ta Mmetoau

—  PesynbraTi Ta 00roBOpeHHs

—  BuchoBku

—  Jlireparypa.
3a HeoOXiqHOCTI MOXKHA JTOAABATH iHIII PO3/iIM Ta PO30MBATH IX Ha IiIPO3ALIH.
7. ABropceka noBiaka (IpizBuie, iM’st Ta Mo 6aThKOBI, BUSHUH CTYIIHb Ta 3BaHHS, MICIIe
pobotH, eleKTpoHHa aapeca abo TenedoH).
8. KonTakTHI JaHi aBTOpa, 0 KOO 32 HEOOXIMHOCTI Oy/e 3BEpTATHCh PEAAKIlis KypHATY
(TenedoH Ta eNEKTPOHHA ajapeca).

Po3mip Tekcry Ha pucyHKax NMOBUHEH Oyt cmiBpo3MipHUM (!) OCHOBHOMY TEKCTY
crarTi. CKaHOBaHI PUCYHKH HE MPUHMAaIOThCS.

®oH rpagikis, giarpam — nume Oixui (). Konip enemenTiB pucyHky (JiHii, ciTka, TEKCT)
— JIUIe YopHUi (He cipuii).

Opurinanu pucyskiB (¢aiinm rpadivyanx penakropis), a Takox ¢aiinu popmaty EXCEL
3 rpadixamMu 00OBS3KOBO MO/AIOTHCS B OKPEMUX (aiiiax.

dororpadii Ta KOIBOPOBi 300pakeHHs 0aXkKaHO HE BUKOPUCTOBYBATH.

CkopoyeHi Ha3BH (i3UYHHX BEITUYMH B TEKCTI Ta Ha rpadikax [03HAYAIOTHCS
JIATUHCHKUMH JIiTepaMH BiAmoBigHo 1o cucremu Cl.

B cnwmcky JitepaTypu NMOBUHHI IepeBa)KaTH aHIJIOMOBHI CTaTTi Ta MOHorpadii, siki
omryouikoBasi micist 2000 poky.

JleranbHi iHCTPYKIIT U151 aBTOPIB PO3MIllIEHI Ha CalTi

http://ukrfoodscience.ho.ua

CTaTTsl HACWIAETHCA 32 €JIEKTPOHHOIO aJIPecolo:
ukrfoodscience@meta.ua
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OdopMIeHHs CNUCKY JliTepaTypu

IlocuiaHHA HA CTATTIO

ABTopu (pik Buaanusi), Haza crarri, Hazea scypnany (kypcusom), Tom (Homep),

CTOpPIHKH.

Bci enemenTy micnst poKy BUAAHHS PO3AUISIOTHECS KOMAMU.
Hpuxaagm:

Yannick Fayolle, Sylvie Gillot, Arnaud Cockx, Laetitia Bensimhon, Michel Roustan,
Alain Heduit (2010), In situ characterization of local hydrodynamic parameters in
closed-loop aeration tanks, Chemical Engineering Journal, 158(2), pp. 207-212.

Carlo Tocchi, Ermanno Federici, Laura Fidati, Rodolfo Manzi, Vittorio Vincigurerra,
Maurizio Petruccioli (2012), Aecrobic treatment of dairy wastewater in an industrial
three-reactor plant: Effect of aeration regime on performances and on protozoan and
bacterial communities, Water Research, 46(10), pp. 3334-3344.

IIpuxsiax ogopmiieHHS CTATTI, OPUTiHAJ AKOI YKPAIHCHKOI0 MOBOIO:

Pyroh T.P., Konon A.D., Skochko A.B. (2011), Vykorystannia mikrobnykh
poverkhnevo-aktyvnykh rechovyn u biolohii ta medytsyni, Biotekhnolohiia, 4(2), pp.
24-38.

3a bascanns nicist mpancirimeposanoi nazeu cmammi abo JHCypHAy 8 {PpicypHux

OYIHCKAX MOJICHA OAMU NEePeKIA) AH2IIUCbKOI0 MOBOIO }.

—

IHocniiaHHS HA KHUTY

ABTopu (pik), Hazea knuzu (kypcueom), Bunasaunrso, Micto.
Bci eneMeHTH MicCsA pOKY BUNAHHS PO3IIISIOTHCS KOMaMH.

Hpuxaagm:

Harris L. (1991), Money theory, McGraw-Hill Companies, Hardcover

2. Rob Steele (2004), Understanding and measuring the shelf-life of food, CRC Press.
IIpuxaax odopmiieHHs €TATTi, OPUTiHAT SIKOI YKpPaiHCBKOI0 a00 pociiicbKO0I0

MOBOIO:

1. Donchenko L.V. (2000), Tekhnologiya pektina i pektinoproduktov, Deli, Moscow

2. Kirianova H.A. (2008), Udoskonalennia tekhnolohii termostabilnykh zheleinykh
nachynok shliakhom ratsionalnoho vykorystannia hidrokoloidiv roslynnoho ta
mikrobnoho pokhodzhennia: PhD tethis, NUHT, Kyiv.

3. Zalutskyi I.R., Tsymbaliuk V.M., Shevchenko C. H. (2009), Planuvannia i diahnostyka

diialnosti pidpryiemstva, Novyi svit, Lviv.

3a badxcanns nicis mpanciimeposanol HA38U KHUSU 8 {QIcyPHUX OYHCKAX MOJNCHA Oamu

nepexaao aHeitcbKow MOBOIO).
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IMocunanHs HA eJIEKTPOHHUI pecypc

BukoHyeTbCsl aHaIOTi4HO TTOCHIIAHHIO Ha KHUTY a00 crartio. [Ticis opopmieHHs
JTAaHUX Mpo MyOIiKamilo MUIIyThCs cnoBa available at: Ta Bka3yeThcst eneKTpoHHA ajapeca.

HpI/IKJ'IaZ[ MTOCHJIAHHS Ha CTATTIO 13 CJICKTPOHHOI'O BUJIaHHA:

1. Barbara Chmielewska. (2012), Differentiation of the standard of living of families in
countries of the European Union, Ukrainian Food Journal, 2(2), pp. 230-241,
available at:
http://ufj.ho.ua/Archiv/UKRAINIAN%20FOOD%20JOURNAL%202013%20V.2%20
Is.2.pdf

2. (2013), Svitovi naukovometrychni bazy, available at:
http://www1.nas.gov.ua/publications/q_a/Pages/scopus.aspx
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2018 pik

Xapuosi TexHonorii
N1

JIroomuna Iewyx, Onexcandp Topbau,
Onee I'anenxo

Y ocKOHaAJIEHHS TEXHOJIOT1 BapEHHX
KOBOAcC 3 BUKOPHUCTAHHSIM O1JTKOBO-
MiHepaJbHO-BYIJIEBOIHOI J0OABKU

lean Jlimos, Bixmopis Cmomanoscka
®i3nyHI XapaKTEPUCTHKH
(yHKI[IOHAJIBHOTO TIEYHBa, 30ara4eHoro
TUIACTIBLSIMH €HHKOPHY

Anmonenna [lopoxosu, Onena I onuapyx,
Lapis Mams, FOnis Kambynosa

BrutuB 1mykpiB Ha CTPYKTYpHO-MEXaHiYHi
XapaKTEePUCTUKH T'eJIiB arapoBUX
ToicaxapuziB

I'.B Ilasan Kymap, H.B.B.C.C. Jlakcxmi, Y.
leena, B. I[lasan Kymap, I1. Paosicenpa
Kymap

Kormpoga omnist: XiMiuHUI CKIIaz,
BupopOHuITBO. [lInpokuii orssi
IHAIACHKHUX XapaKTEePUCTHK Ta
(YHKI[IOHAJIBHUX aCIIEKTiB.

Oxcana Mockanwx, Onexcandpa I'awyx,
JIrvomuna Iewyk, Jlioomuna Cuneok, Onee
T'anenxo

HyTpieHTHI BIacTHBOCTEH M'sICHUX
MAIITETIB 3 BAKOPUCTAHHIM POCIHHHOI
CHPOBUHHU

N2

Iapis Mamsic, FOnis Kambynosa, Onena
Tonuapyx

3aKOHOMIPHOCTI CTPYKTYPOYTBOPEHHS
MapMeriaiy JKeJIeHHOro Ha arapoBux
roicaxapuzax i NeKTUHaX 3 HU3bKUM
BMICTOM IIYKpiB




Taslima Ahmed, Nazmul Sarwar
Evaluation of quality and antioxidant
activity of developed instant black tea
and commercial tea (camellia sinensis)
available in Bangladesh

Lyudmyla Peshuk, Oleksandr Gorbach,
Oleg Galenko, Nina Budnik

Influence of thermal processing by steam
convector of the pickled game meat

Olena Grek, Olena Onopriichuk,
Tetiana Pshenychna, Alla Tymchuk
Determination of biologically active
substances in protein-berry concentrates

Iryna Yasinska, Viktoriia Ivanova

Impact of germination conditions on
antioxidant properties and protein content
in lentils (Lens culinaris) of Ukrainian
cultivars

Processes and Equipment

Issue 1

Victor Marchevskii,

Yaroslav Grobovenko

Product grinding influence on the drying
process of dispersed titanium dioxide
paste

Sergei Beseda, Igor Litovchenko
Determination of energy losses on
switchgears of pneumatic transport of
meat products

Issue 2

Oleksandr Gavva, Liudmyla Kryvopiias-
Volodina, Olena Kokhan
Object-oriented design of packaging
machines on the principles

of mechatronics

184

198

208
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72

95

256

Tacnima Axmeo, Hasmyn Capsap

OriHKa AKOCTI Ta aHTUOKCUAAHTHOL
AKTUBHOCTI BIJHOBJICHOT'O YOPHOT'O Yak0 Ta
koMepuiiiHoro yato (Camellia sinensis),
nmoctynHoro B banrnamenr

JIroomuna Iewyx, Onexcandp Topbau,
Onee 'anenxo, Hina Byonix

BrutuB TepMiuHOi 00pOOKH
MAPOKOHBEKTOMATOM Ha MapUHOBAHE M'SCO
JIMKAX TBapUH

I'pex Onena, Ononpitiuyk Onena,
Twenuuna Temana, Tumuyx Anna
BusHayeHHs 0i10JIOTYHO-aKTUBHUX
PEYOBHH y KOHIICHTpATaX OLTKOBO-STITHUX

Ipuna Acinceka, Bikmopis leanosa
BruuB yMOB npopoiyBaHHs Ha
QHTHOKCHUJIAHTHI BJIIACTUBOCTI Ta BMICT
6inky y coueBwui (Lens culinaris)
YKpaTHCBKHUX COPTIB

Mpouecu Ta o6s1agHaHHA
N1

Bixmop Mapuescoxuui, Apocias
I'pobosenko

BB cTyrieHs moapiOHeHHs POAYKTY Ha
MIPOIIeC CYITIHHSA TOHKOMUCIICPCHOT TaCTH
JIOKCHHY TUTaHY

Cepeiit beceoa, Izop Jlumoguenko
Bu3HayeHHs BTpaT eHEprii Ha
PO3TONITBYNX MPUCTPOSX ITHEBMATHIHOT'O
TPAHCIOPTY M'SICHUX MPOIYKTIB

N2

Onexcandp Iassa,

JIrvomuna Kpusonnsic-Bonooina,
Onena Koxan

OO0’ €eKTHO-OpPIEHTOBAHE ITPOCKTYBAHHS

MaKyBaJbHUX MAIIWHHA 3acaax

MEXaTHOHIKU
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Issue 1

Mpykola Ivakhniuk, Tetyana Pirog
Comparative characteristics of ethapolan
and xanthan exopolysaccharides as agents
for the increasing secondary oil

extraction

Automation of Food Processes
Issue 1

Vasyl Kishenko, Borys Goncharenko,
Oleksii Lobok, Viacheslav Ivashchuk,
Maryna Sych

Scenarios of intellectual fuzzy automated
control of bread production..

Lyudmila Kopylova, Sergii Baliuta, Oleg
Mashchenko

System analysis and approaches to the
developement of the automated electrical
energy consumption and supply system
of the food industry enterprise

Nutrition and Health
Issue 2

Daniela Nikolovska Nedelkoska,

Tanja Tefova, Zora Uzunoska

Dietary calcium intake and bone mineral
density among Macedonian women

Life safety
Issue 1

Alina Siryk, Olga Yevtushenko
Improving of informative and operating
system of the power industry of food
enterprises based on intellectualization
the process of the decision making
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Mikpo6ionoris, BiotexHonoris

N1

Muxona leaxniox, Temana [lupoe
[NopiBHsiIbHA XapaKTEpPUCTHUKA
€K30I10JTiCaXapH/IiB €TarojJany Ta KCaHTaHy
SIK areHTIB ISl T IBUIIICHHS BTOPUHHOTO
HaQTOBUAOOYTKY

ABTOMaTM3aLia BUpo6HUUMNX
npouecis
N1

Bacunv Kuwenwvko, bopuc I'onuapenxo,
Onexciti Jlobok, Bsiuecnas lsawyx,
Mapuna Cuy

Cuenapii iHTEIEeKTyaJIbHOrO HEYiTKOTO
aBTOMaTHU30BaHOT'O KEPYBaHHS
BUPOOHHLITBOM XJ1i0a

JIrwomuna Konunosa, Cepeeii banoma,
Onez Mawenko

CucTeMHUH aHaJIi3 1 MiIX0MU 10 MO0y IOBH
aBTOMATHU30BAHOI CUCTEMHU KepYBaHHS
CIICKTPOCTIOKMBAHHAM Ta
€JIEKTPONOCTAYAHHIM ITiJIPUEMCTBA
Xap4yoBOi MPOMHUCIIOBOCTI

XapuyBaHHS i 3q0poB’s
N2

Ilaniena Hixonoecvka Heoenxoscvka,
Tans Teghosa, 3opa Y3ynocka
[TpuitMaHHsS XapuoBOr0O KAJIBINO 1
MiHepajabHa MIUIBbHICTh KICTKOBOT TKAHUHU
Yy MaKeIOHCHKHUX KIHOK

Bbe3neka XUTTERIAIbHOCTI
N1

Anina Cipux, Onvea €6myuienxo

Y nockoHaneHHs iHpopMaliHO-KepyroUuoi
CHCTEMH EHEPreTHYHOr0 IrOCIoapcTBa
Xap4oBHX MiAMPUEMCTB Ha OCHOBI
IHTEJeKTyai3alii Iporecy NpUHHATTS
pileHs




Issue 2

Olga Yevtushenko, Alina Siryk
Formation of intelligent agents of the
information and analytical system of
enterprise safety management

236
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Onvea €smyuenro, Anina Cipux
@dopMyBaHHS IHTENEKTYaJIbHUX areHTIB
iH(pOpMaIifHO-aHANI THYHOT CUCTEMH
YIIPaBJIiHHA O€3MEKOI0 Ha IMiANMPHUEMCTBI
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