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Introduction. Studies have been conducted to
determine the influence of nutritional additives on the basis
of pumpkin on the energy value, physico-chemical and
organolleptic properties of confectionery flour products.

Materials and methods. The samples of cupcake with
the addition of raw and blanched pumpkins in quantities of
8, 16, 24 and 32% were studied. Rheological parameters
have been investigated using rotational viscometry.

Results and discussion. The most successful
formulation is to replace the classical components of the
muffin with a functional additive of 24% blanched pumpkin.
The use of various forms of pumpkin as a food additive in
the manufacture of cakes is appropriate in view of the
enrichment of the product with biologically valuable
components, vitamin and mineral complexes and
compounds of antioxidants contained in this raw material.

Having analyzed the physical and chemical parameters
of the samples, the following results can be made: on the
curves of viscosity with an increase in P, Pa from 0 to 6000
1 increases from 0 to 450 for a parabolic dependence, with
the most intense growth — in the range of P in 5000. Increase
of the additive from 8% to 32% increases 1 on average 2-3
times. Similarly, with an increase in P, the flow curves ¢
increases from 0 to 800 with the highest peak at 640 and
then decreases.

According to the analyzed organoleptic indicators, the
most successful are formulations with the addition of 16%
and 24% blanched pumpkin.

Creating a new type of cupcake will help expand the
range of specialty pastry flour confectionery.

Conclusions. It is rational to replace traditional
components of cupcake with pumpkin with the quality
assurance of products by physical and organoleptic
characteristics.
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Introduction

Flour confectionery products occupy an important place in the diet of the population
and are in great demand. The essential disadvantage of this product group is the low content
of essential substances (vitamins, minerals, food fibers, etc.) and high content of
carbohydrates and fats. Therefore, a significant demand for these products necessitates the
adjustment of their chemical composition. Taking into account the requirements of the
science of nutrition, using non-traditional ingredients, the recipe of this group of products
may be able to model and create nutritionally enriched foods with biologically active
substances. One of the ways to create such products is to use additives with significant
content of essential substances. As such raw can be used pumpkin[1].

The development and introduction of the newest technologies of flour confectionery
with the use of functional ingredients is relevant in our time, contributes to the
improvement of nutritional value, organoleptic parameters, and reduction of caloric
content[2].

An overview of literary sources on assortment, technologies for the production of
cakes showed that today there are no industrial technologies and formulations of carotinoid
additives, such as pumpkin and cupcakes, with their use for health nutrition, both in
restaurants, as well as in bakery. The assortment of cakes enriched with natural carotenoid
herbal supplements abroad is also limited. An effective way to improve the vitamin content
of the population is the additional enrichment of vitamins in food products of mass
consumption.

The aim of research is to determine the impact of pumpkin as a nutritional supplement
on the physico-chemical and organoleptic characteristics of a puncake.

Analysis of recent researchs and publications

Pumpkin (Cucurbita) — generic name of annual and perennial plants of the pumpkin
family. Varieties of pumpkins differ in shape, size and color of the fruits. Some varieties of
pumpkin breed for the sake of delicious and useful edible fruits, others — as decorative
plants, and from the third, they make utensils and musical instruments [3,5].

Pumpkin — a natural vitamin and mineral complex. The champion among the vitamins
contained in the pumpkin is beta-carotene. For comparison: in orange varieties of beta-
carotene several times more than in carrots. In addition, the pumpkin is rich in vitamins C,
B1, B2, PP, that is, it contains a lot of potassium, calcium, iron, magnesium, copper, zinc,
cobalt, silicon, fluorine.

1. Calorific value 21.4 kcal 11. Vitamins:

2. Carbohydrates 4.4 g Vitamin A 1.5 mg

3. Fat0.1 gr Vitamin B1 0.05 mg
4. Proteins 1.0 g Vitamin B2 is 0.06 mg
5. Water 91.8 gr Vitamin B3 0.4 mg

6. Mono and disaccharides 4.2 g Vitamin B6 0.1 mg

7. Starch 0.2 g Vitamin B9 14.0 pg

8. Nutrient Fibers 2.0 g Vitamin C 8.0 mg

9. Organic acids 0.1 g Vitamin PP 0.5 mg

10. Ash 0.6 g

Blanching is a culinary method that involves the rapid boiling of products in boiling
water. Sometimes this term means scalding with boiling water. In the process of blanching,
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some of the products begin to bilelit — hence the characteristic name of this culinary
admission. By the way, the very word "blanching" comes from the French blanchir, that is,
"whitewash"[4].

Blanching is carried out as follows: in boiling water, the products are placed and they
expect to re-boil water. From this moment it is accepted to deduct the time required for
blanching — as a rule, about 2—3 minutes. If the products remain in boiling water longer, in
this case it is a different culinary process — cooking.

Blanching is used to disinfect the products and, in addition, it also replaces cooking for
some vegetables that are tender. Thus, the prolonged processing of vegetables, for example,
hot water contributes to the loss of most of the vitamins, and blanching, in turn, relates to
the fruits of the sparing, softening them. In addition, using a blanching on vegetables, a
protective film is created, which helps to keep the products juicy and give them a more
vivid taste [6].

Material and methods

Materials

Pumpkin and cupcakes were researched. Physical and chemical properties,
organoleptic characteristics of made cupcakes with the addition of functional additives and
without were analyzed.

Four formulations of cupcakes were developed with the addition of various forms of
pumpkin.

Table 1
Classic cupcake recipe
Component | Quantity, g | Quantity, %
Butter 200 26,4
Egg 120 (3 pcs) 15,8
Flour 200 26,4
Sugar 200 26,4
Vanilla 15 2
Ripper 15 2
Salt 7,5 1
Total 757,5 100
Table 2

Developed cupcake recipe with addition of 8 % of pumpkin

Component | Quantity, g | Quantity, %
Butter 180 23,8
Egg 120 (3 pcs) 15,8
Flour 180 23,8
Sugar 180 23,8
Vanilla 14,7 1,9
Ripper 14,7 1,9
Salt 7,5 1
Pumpkin 60,6 8
Total 757,5 100
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Developed cupcake recipe with addition of 16 % of pumpkin

Component | Quantity, g | Quantity, %
Butter 160 21,1
Egg 120 (3 pcs) 15,8
Flour 160 21,1
Sugar 160 21,1
Vanilla 14,6 2
Ripper 14,6 2
Salt 7,1 0,9
Pumpkin 121,2 16
Total 757,5 100

Developed cupcake recipe with addition of 24 % of pumpkin

Component | Quantity, g | Quantity, %

Butter 140 18,5
Egg 120 (3 pcs) 15,8
Flour 140 18,5
Sugar 140 18,5
Vanilla 14,4 1,9
Ripper 14,4 1,9
Salt 6,9 0,9
Pumpkin 181,8 24
Total 757,5 100

Developed cupcake recipe with addition of 32 % of pumpkin

Component | Quantity, g | Quantity, %
Butter 130 17,2
Egg 80 (2 pcs) 10,6
Flour 140 18,5
Sugar 130 17,2
Vanilla 14,2 1,8
Ripper 14,2 1,8
Salt 6,7 0,9
Pumpkin 242 .4 32
Total 757,5 100

Table 3

Table 4

Table 5

The study of structural and mechanical properties of the samples were performed on

viscometer (Figure 1).
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Each of the samples under study, in the amount of 3040 cm’, is introduced into the
stationary outer cylinder of the device (1). After the test samples are applied, the inner
cylinder S2 (2) is worn on the axle (3), which is connected to the electric motor. The outer
cylinder (1) with the sample is worn on the fixed inner cylinder S2 (2) and lifted to the stop.
The position of the outer cylinder is fixed with the help of a nut. The investigated sample is
evenly distributed in the gap (4) between the coaxial cylinders — external 1 and internal 2.
Next, the potentiometer readings for each test sample are removed at various twelve strain
rates.

Figure 1. Chart of device

The stresses of the displacement P, which arises in the system, is calculated by the

equation:
P=Zua

where Z — has become an internal cylinder; a — value of the scale on the indicator device
(potentiometer);

The values of deformation gradients for each speed (12 values) were taken from the
passport data.

By the values of the shear stress P and the deformation gradient, calculate the dynamic
viscosity 1 by the Newton equation:

n=P/&

where 1) is the dynamic viscosity, Pa x s; P — shear stress, Pa; § — shear rate, st

According to the calculated data, construct complete rheological curves of viscosity
and fluidity.

An organoleptic assessment of the quality of toothpastes is carried out using the
descriptor-profile method [12].

Were offered a list of organoleptic indicators:

1. Shape

2. Surface

3. Color

4. View in fault
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A 5-point scale was created and profiles of quality indicators were performed on scale.
This made it possible to systematically approach the quality assessment and clearly assess
the quality of indicators and determine the level of quality. Also, identify indicators with
significant deviations.

Organoleptic evaluation of cakes should be given in accordance with the Table 6.

Table 6
Organoleptic evaluation of cupcakes
Indicator Characteristic
Cupcakes without stuffing Cupcakes with filling

Shape Correct, that corresponds to the Round, rectangular, not deformed,
form, established according to the | without inflow, is inherent in the form in
formulation, without breakages which products are baked, without

contamination
Surface | Not burned. The glazing of With the presence of insignificant cracks

cupcakes should not have marks and gaps that do not change the product's
of "graying" and stains. appearance without burning.
The surface of cupcakes made on | It is permissible to adhere to the
chemical rashes may be due to the | packaging material on the side and side
presence of cracks and gaps that of the product, the sinking hole, as well
do not alter the product's as a small amount of filling on the
appearance. surface of the cupcake.
Glaze should not be sticky.

Color From light brown to dark brown. | From light yellow to brown, the bottom
The color of the lower crust may | and the side surface are lighter.
differ from the color of the upper
side.

View in | A well baked cupcake, no Well cooked, without hardening and
fault hardening and no traces. traces of overshoot, with the inside of the

product.

Results and discussion

The organoleptic and physico-chemical properties of various recipes with the addition
of raw and blanched pumpkins have been developed and investigated.

Quality of control of cupcakes begins with an organoleptic evaluation: assessing the
conformity of the form, surface condition, color, appearance to breakage, taste and smell.
The surface of cupcakes should be non-flammable, and manufactured on chemical rashes
may have cracks and gaps that do not alter the product's appearance. The color is from light
to dark brown[7,8].

Cupcakes should be well baked, without hardening and traces of non-mushrooming;
additives are evenly distributed in the products [9,11].
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Table 7
Organoleptic evaluation of cupcakes without pumpkin and with the addition of raw
pumpkin
Indicator Without 8% 16% 24% 32%
pumpkin
Shape The shape is | The shape is | The shape is The shapeis | The shape is
slightly slightly broken, the broken, the broken, the
disturbed disturbed dough is dough is licked dough is
licked when | when cooking | licked when
cooking cooking
Scores 4 4 3 3 3
Surface Not burnt, Not burnt, Not burnt, The surface is The surface
without without without slightly is slightly
cracks and cracks and cracks and uneven uneven
breaks breaks breaks
Scores 5 5 5 4 4
Color Light brown Brown Light brown | Scorched, dark Really
brown bright, hardly
yellow
Scores 4 5 4 3 3
View in Well baked | Well baked | Well baked Not all parts Not all parts
fault cupcake cupcake cupcake are baked are baked
Scores 5 5 5 4 4
Table 8
Organoleptic evaluation of cupcakes without pumpkin and with the addition of blanched
pumpkin
Indicator Without 8% 16% 24% 32%
pumpkin
Shape Correct shape | Correct shape Correct Correct shape Correct
shape shape
Scores 5 5 5 5 5
Surface Not burnt, Not burnt, with Not burnt, Not burnt, The
without characteristic without without surface is
cracks and cracks cracks and cracks and slightly
breaks breaks breaks uneven
Scores 5 5 5 4.5 4
Color Light brown Light brown Light brown Scorched, Really
dark brown bright,
hardly
yellow
Scores 4 4 4 3 3
View in Well baked Well baked Well baked | Not all parts Not all
fault cupcake cupcake cupcake are baked parts are
baked
Scores 5 5 5 4 4
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Figure 2. Profileratives of the organoleptic quality assessment of cakes with the addition of raw
pumpkin and blanched pumpkin respectively

The results of rheological researches of the physical and chemical properties of various
recipes with the addition of raw and blanched pumpkins are given below.
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Figure 3. Rheological curves of viscosity and flowing of dough with the addition of raw
pumpkin:
1 — classical recipe;
2 —recipe with adding 8% of pumpkin;
3 —recipe with adding 16% of pumpkin;
4 —recipe with adding 24% of pumpkin;
5 —recipe with adding 32% of pumpkin.
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Figure 4. Rheological curves of viscosity and flowing of dough with the addition of blanched
pumpkin
1 — classical recipe;
2 —recipe with adding 8% of pumpkin;
3 —recipe with adding 16% of pumpkin;
4 —recipe with adding 24% of pumpkin;
5 —recipe with adding 32% of pumpkin.
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By viscosity, the most similar to the classical receipe is a sample containing 24%
blanched pumpkin.

With the help of conducted organoleptic and physicochemical studies, we can conclude
that the formulation with the addition of 24% blanched pumpkin is the most successful.

Creation of a new type of cupcake will promote the expansion of the range of flour
confectionery products of functional action. Has been proven that adding the pumpkin to
cupcake leads to the enrichment of the product with biologically valuable components,
vitamin and mineral complexes and compounds of antioxidants contained in this raw
material [9].

Conclusions

The use of pumpkin in the manufacture of cupcakes is appropriate in view of the
enrichment of the product with biologically valuable components, vitamin-mineral
complexes and compounds of antioxidants contained in this raw material. Creation of a new
type of cupcake will contribute to the expansion of the range of flour confectionery
products of functional action.
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Introduction. The objective of the present article is to
determine the molecular weights of the protein mixture of the
cow colostrum. This will lead to the development and
production of immuno-prophylactic products for maintaining
immunity human body.

Materials and methods. Bovine milk was the main
material for the study. The test samples have been selected
from the first day of calving and during the following three
days. Specimen 1 represented the colostrum of the cows from
Zhytomyr region (Berdychiv town). Specimen 2 represented
the bovine colostrum from Kyiv region (Tetiiv town).
Electrophoresis method in the polyacrylamide gel in the
Laemmli system.

Results. It has been determined that high molecular
weight fractions of colostrum contain protein molecules with
molecular weights of 160-190 kDa, among which are
immunoglobulins. Separate parts of immunoglobulins and
other proteins, namely, IgG (55kDa) and IgA (62kDa) heavy
chains, secretory component of sIgA, and lactoferrin, have
also been found out.

The test samples of high molecular weight peptides of
colostrum contain the biologically active fragments among
which there are mostly immunoglobulins, their parts, proteins-
abzymes, other protein fragments. The proteins with the
molecular weight of 80, 62, 55 kDa are also determined, they
can represent heavy chains (55 kDa) and light chains (25 kDa)
of IgG and sIgA. In particular, sIgA is a supermolecular
complex consisting of H- and L-chains of IgA (62, 25 kDa,
respectively) and a secretory component (80 kDa). Apart from
the secretory component of IgA, the protein molecules with
the molecular weight of 80 kDa can be halves of the molecules
of immunoglobulins or lactoferrin.

Conclusion. The presence of a large quantity of proteins
allow using the colostrum in the production of childhood,
functional, medical, and prophylactic nutrition; in
biotechnologies for the manufacturing of other food products
with a special composition; in medicine and pharmacology to
produce food-grade coats and capsules for medical substances,
dietary food supplements.
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Introduction

Studying the interrelation between the immune response and nourishment is one of the
actual issues as it allows determining the possible reasons of the development of immune
deficiency states in a human organism. The main role of nutrition is in a trophic, plastic,
and energy support of the functional activity of the body, including the immune system.
The components of food products show the immunomodulatory properties in terms of the
acquired cell and humoral immunity, and nonspecific factors of the inborn immunity. It is
known that the nutritional disorder also leads to the change of the operation of the immune
system.

In this respect, the development of a balanced immune diet represents a new trend in
the modern nutraceuticals. It has been proven that due to the consumption of nutraceuticals
the increase of phagocytosis and bacterial activity of neutrophils is observed, as well as the
growth of the general number of lymphocytes, activated T-lymphocytes, NK cells, and IgA,
IgM, IgG [1, 11].

Cow colostrum is a well-known evolutionally balanced food product, because it
contains all necessary components to maintain the active immunity and to renew and
activate the weakened immune system.

Colostrum is vital for newborn calves. This is conditioned by the presence in its
composition of a large number of the mother’s antibodies that strengthen the immunity of a
newborn calf and protect it from various disease producing microorganisms, which attack a
calf’s organism since the first months of its life [2, 10].

The digestive tract of newborn calves is characterized with high permeability
enhancing the direct delivery of antibodies and different nutritive substances of colostrum
to the blood flow. Besides, colostrum contains two times more dry substances, 100 times
more vitamin A, and six times more protein, and 3 times more mineral substances than the
ordinary milk [13].

Alongside with the advantages of the colostrum over the ordinary milk, there are a
number of problems related to its storage and disposal. This is explained by the inability of
the newborn calves to consume all the colostrum of the cows as its quantity exceeds the
needs of the calves that consume only 30-50% of the total quantity of colostrum [3]. Due to
its physical and chemical properties, the excess of colostrum cannot be used to produce
dairy products. It has a thick consistency, salty taste, and specific smell, it coagulates
during the thermal treatment. The dairy products produced from milk acquire an unpleasant
taste and quickly spoil during storage even with the smallest addition of colostrum [4].
Therefore, the issues related to the processing of the excess of colostrum remain relevant.

Materials and methods

To extract and refine proteins, the test colostrum was divided into 2 test specimens.
The received colostrum samples from different regions have been distributed in the
following way:
—  Sample 1 — the bovine milk of Specimen 1, taken on the first day in two hours after

calving;

—  Sample 2 — the bovine milk of Specimen 1, taken on the first day in 12 hours after
calving;

—  Sample 3 — the bovine milk of Specimen 1, taken on the second day in 24 hours after
calving;
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—  Sample 4 — the bovine milk of Specimen 1, taken on the second day in 36 hours after

calving;

—  Sample 5 — the bovine milk of Specimen 1, taken on the third day in 48 hours after
calving;

—  Sample 6 — the bovine milk of Specimen 1, taken on the third day in 60 hours after
calving;

—  Sample 7 — the bovine milk of Specimen 2, taken on the first day in two hours after
calving;

—  Sample 8 — the bovine milk of Specimen 2, taken on the first day in 12 hours after
calving;

—  Sample 9 — the bovine milk of Specimen 2, taken on the second day in 24 hours after
calving;

—  Sample 10 — the bovine milk of Specimen 2, taken on the second day in 36 hours after
calving;

—  Sample 11 — the bovine milk of Specimen 2, taken on the third day in 48 hours after
calving;

—  Sample 12 — the bovine milk of Specimen 2, taken on the third day in 60 hours after
calving;

Sample 13 — milk (control).

Biologically active fragments of colostrum were obtained according to the diagram
below, Figure 1.

In the result of the gel filtration, two fractions have been obtained: the high molecular
weight peptides and low molecular weight peptides of colostrum (Table 1).

Determination of molecular weights of the refined protein solutions of bovine
colostrum and milk was carried out by the electrophoresis method in the polyacrylamide gel
in the Laemmli system [5]. Electrophoresis was conducted by means of Hoefer apparatus
(Amersham Biosciences, USA) with the current of 19 mA for the concentration gel and 36
mA for the separating gel [6,12]. PageRuler Plus Prestained Protein Ladder were used as
markers with such proteins as 250 kDa, 130 kDa, 100 kDa, 70 kDa, 55 kDa, 35 kDa, 25
kDa, 15 kDa, 10 kDa (Thermo Fisher Scientific, USA).

To prepare samples for the electrophoresis, the buffer for samples was added to the
protein solution, which contained 5% of saccharose (for more thickness); 2% of SDS (for
the decomposition of protein associates into separate polypeptide chains and change of the
molecule charge into negative); bromophenol — before the colouring. The samples were
heated in the water bath.

The colouring of the gel was carried out in the solution of 0,01% Coomassie G-250, in
25 % isopropanol, and 10% acetic acid during 10 minutes. To eliminate the remains of the
colouring agent, 2-8% solution of acetic acid was used. The resolution of the method is 1
ug of protein.
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Figure 1. Diagram for the extraction and refinement of the milk and colostrum proteins
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Table 1

Characteristic of the biologically active fragments of colostrum under study

Name Fraction No Remark
Sample 1: Day 1 in 2 hours 1 high molecular weight peptides
after calving (calving on 2 low molecular weight peptides
10.02.2016)
Sample 2: Day 1 in 12 hours 3 high molecular weight peptides
after calving (calving on 4 low molecular weight peptides
10.02.2016)
Sample 3: Day 2 in 24 hours 5 high molecular weight peptides
after calving (11.02.2016) 6 low molecular weight peptides
Sample 4: Day 2 in 36 hours 7 high molecular weight peptides
after calving (11.02.2016) 8 low molecular weight peptides
Sample 5: Day 3 in 48 hours 9 high molecular weight peptides
after calving (12.02.2016) 10 low molecular weight peptides
Sample 6: Day 3 in 60 hours 11 high molecular weight peptides
after calving (12.02.2016) 12 low molecular weight peptides
Sample 7: Day 1 in 2 hours 13 high molecular weight peptides
after calving (calving on 14 low molecular weight peptides
21.01.2016)
Sample 8: Day 1 in 12 hours 15 high molecular weight peptides
after calving (calving on 16 low molecular weight peptides
21.01.2016)
Sample 9: Day 2 in 24 hours 17 high molecular weight peptides
after calving (22.01.2016) 18 low molecular weight peptides
Sample 10: Day 2 in 36 19 high molecular weight peptides
hours after calving 20 low molecular weight peptides
(22.01.2016)
Sample 11: Day 3 in 48 21 high molecular weight peptides
hours after calving 22 low molecular weight peptides
(23.01.2016)
Sample 12: Day 3 in 60 23 high molecular weight peptides
hours after calving 24 low molecular weight peptides
(23.01.2016)
Sample 13. Reference (milk) 25 high molecular weight peptides
26 low molecular weight peptides

Results and discussion

According to the classification of the Committee for nomenclature and methodology of
milk proteins of the American Dairy Science Association, milk proteins are divided into
caseins, the molecular weight of which is 14-22 kDa, and whey proteins [7]. Whey proteins
comprise B-lactoglobulins and a-lactoalbumins, the molecular weight of which is ~ 18 kDa
and 14 kDa, respectively, also, lactoferrin (80 kDa), lysozyme (15 kDa), and
immunoglobulins.
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The major classes of the secretion of the mammary gland of the cattle and human are
IgM, IgG, IgA, IgE, IgD. The full major molecule of Ig has Y-like structure and molecular
weight of about 160 kDa [8,9].

IgG is a monomer, the molecular weight of which is ~ 160 kDa. Isotype G1 represents
the major weight of Ig as it contains 70-80% of all serum immunoglobulins. IgA is a
monomer with the molecular weight of about 170 kDa. It contains approximately 10-15%
of all serum Igs. This immunoglobulin also exits in the secretory form (sIgA). Secretory
sIgA exits in the polymeric form like di- or trimer connected by J-chain (15 kDa), it also
contains S-component (a secretory component — glycoprotein with the molecular weight of
80 kDa). The molecular weight of the secretory IgA is 350 kDa and more.

Immunoglobulin of class M. The largest molecule of all Igs is a pentamer with the
molecular weight of about 900 kDa. It contains about 5-10% of all serum Igs.

Class D immunoglobulin is a monomer with the molecular weight of 160 kDa. It
accounts for about 0,2% of the total number of circulating Igs.

Class E immunoglobulin is a monomer with the molecular weight of = 190 kDa. It
accounts for about 0,002% of all circulating Igs.

The electrophoretic separation was carried out under the following conditions: 1) the
test samples were treated with SDS to decompose the protein molecules into the separate
peptide chains, they acquired the negative charge, which significantly exceeds the own
charge of the protein molecule; 2) to study the protein mixture in the samples, the 8%
distribution gel was prepared.

At the first stage of work, we studied the high molecular weight and low molecular
weight peptides of the colostrum of Specimen 1, which were extracted and selected on the
first day immediately after calving and after 12 hours (Fig. 2), and the high molecular
weight peptides of the second day (samples taken 24 hours after calving). The high
molecular weight peptides (No 25) and low molecular weight peptides (No 26) of milk
(control) were used as reference samples.

kDa M 1 2 3 4 5 kDa M 25 26

Figure 2. Electropherogram of the proteins of the colostrum of the first and second days after
calving and cow milk
*Note. No 1-No 5 — the test samples of Specimen 1 of the colostrum of the first and second days after
calving; No 25, 26 — the reference samples, high molecular weight and low molecular weight peptides
respectively, extracted from milk (control); M — the protein markers of molecular weights: 250 kDa,
130 kDa, 100 kDa, 70 kDa, 55 kDa, 35 kDa, 25 kDa, 15 kDa, 10 kDa.
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After the electrophoresis of the protein solutions of colostrum, four protein lines were
determined in the electropherogram. Samples 1, 2, 3, 5, and 25 (reference sample) showed
the lines that corresponded to the molecular weights of 160-190 kDa.

The weights typical for IgG and IgA (160 kDa and 170 kDa, respectively). Samples 4
and 26 (reference sample) did not show any protein molecules.

Samples 1, 3, and 5 demonstrated the proteins with the molecular weight of 60 kDa,
and Reference Sample 25 — the molecular weights of 55 kDa, 60 kDa, and 80 kDa. On the
basis of the obtained results, one can assume that the determined proteins can be IgG (55
kDa) and IgA (62 kDa) heavy chains, and the proteins with the molecular weight of 80 kDa
can comprise a half of the Ig molecule which is composed of one heavy chain with the
molecular weight of 55 kDa and one light chain with the molecular weight of 25 kDa.
Secretory component sIgA (80k Da) and lactoferrin (the molecular weight of which is 80
kDa) can also be possible.

At the second stage of work, we studied high molecular weight and low molecular
weight peptides of the colostrum of Specimen 1, extracted and selected on the first and
third days after calving (Figure 3). The reference samples represented high molecular
weight (No 25) and low molecular weight (No 26) peptides of milk (control).

The obtained results demonstrate that high molecular weight peptide fractions No 7,
No 9, No 11, No 25 contain proteins with the molecular weight of 160-190 kDa. It
corresponds to IgG and IgA, the molecular weight of which is 160 kDa and 170 kDa,
respectively. Protein molecules were not determined in low molecular weight peptide
fractions No 6, No 8, No 10, No 12, and reference sample No 26. Sample 7, 9, 11 showed
proteins with the molecular weight of 60 kDa. Reference Sample 25 demonstrated the
presence of proteins with the molecular weight of 55 kDa, 60 kDa, 80kDa.

kDa M 6 78 9 101112 KkDa M 25 26
250— 250 —
Bood [
130— 130 —
100— 100—
70— : 10—

55—

Figure 3. Electropherogram of the proteins of the colostrum of the second and third days after
calving and bovine milk

*Note. No 6-No 12 — the test samples of the colostrum of Specimen 1 on the second and third
days after calving; No 25, 26 — the reference samples, high molecular weight and low molecular
weight peptides respectively, extracted from milk (control) ; M — the protein markers of molecular
weights: 250 kDa, 130 kDa, 100 kDa, 70 kDa, 55 kDa, 35 kDa, 25 kDa, 15 kDa, 10 kDa.
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One can assume that the identified proteins can be IgG (55 kDa) and IgA (62 kDa)
heavy chains. The protein molecules with the molecular weight of 80 kDa can comprise a
half of the Ig molecule, which is composed of one heavy chain with the molecular weight
of 55 kDa and one light chain with the molecular weight of 25 kDa. Secretory component
slgA (80k Da) and lactoferrin (80 kDa) can also be possible.

At the third stage of work, we studied high molecular weight and low molecular weight
peptides of the colostrum of Specimen 2 selected on the first day immediately after calving
and 12 hours after calving and on the second day (Fig. 4). The reference samples
represented high molecular weight (No 25) and low molecular weight (No 26) peptides of
milk (control).

The electropherogram (Fig. 4) shows that Samples 13, 15, 16, 17, 19, 25 contain the
lines similar to the molecular weights of 160-190 kDa. According to published articles such
molecular weights belong to the immunoglobulins of IgG and IgA classes (160 kDa and
170 kDa, respectively). Samples 14 and 18 did not show any presence of protein molecules.

Examining Samples 13, 15, 17, 19, the lines, which corresponded to the molecular

weights of 60 kDa and 55 kDa, were determined. Reference Sample 25 contains a line,
which represents the molecular weight of 80 kDa. The identified proteins can represent IgG
(55 kDa) and IgA (62 kDa) heavy chains. The protein molecules with the molecular weight
of 80 kDa comprise a half of the Ig molecule, secretory component sIgA, and lactoferrin.
At the final stage of work, we studied the high molecular weight and low molecular weight
peptides of the colostrum of Specimen 2, selected on the third day after calving, and the
low molecular weight peptides, which were selected on the second day in 36 hours after
calving (Fig. 5). The reference samples represented high molecular weight (No 25) and low
molecular weight (No 26) peptides of milk (control).

kDa M 13 14 1516 17 18 19 KDa M 25 26
250— 250 —

W e Fo—
130— G 130 —
100— . 100—
70 — 70 — w
55— . ss— ‘e

e i - ‘

Figure 4. Electropherogram of the proteins of the colostrum of the first and second days after
calving and cow milk

*Note. No13-No 19 — the test samples of Specimen 2 of the colostrum of the first and second days
after calving; No 25, 26 — the reference samples, high molecular weight and low molecular weight
peptides respectively, extracted from milk (control).; M — the protein markers of molecular weights:
250 kDa, 130 kDa, 100 kDa, 70 kDa, 55 kDa, 35 kDa, 25 kDa, 15 kDa, 10 kDa.
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Figure 5. Electropherogram of the proteins of the colostrum of the second and third days after
calving and cow milk

*Note. No20-No24 — the test samples of the colostrum of Specimen 2 of the second and third days
after calving; No 25, 26 — the reference samples, high molecular weight and low molecular weight

peptides respectively, extracted from milk (control); M — the protein markers of molecular weights:
250 kDa, 130 kDa, 100 kDa, 70 kDa, 55 kDa, 35 kDa, 25 kDa, 15 kDa, 10 kDa.

According to the results of the electropherogram for Samples 20-24 and Reference
Sample 25, the obtained lines match the molecular weights of 160-190 kDa. Such results
indicate the presence of IgG and IgA, the molecular weight of which is 160 kDa and 170
kDa, respectively.

The analysis of Samples 21, 23, 25 showed the presence of three lines of 60 kDa, 55
kDa, and 80 kDa.

These results let assume that the lines with the molecular weights refer to the heavy
chains IgG (55 kDa) and IgA (62 kDa), and the protein molecules with the molecular
weight of 80 kDa refer to a half of the molecule of immunoglobulin or secretory component
slgA (80 kDa), or lactoferrin (80 kDa).

Conclusions

Thus, multifunctional content of colostrum makes it a promising raw material to
develop diverse products of general and special purpose. Besides, from the practical point
of view, only the colostrum selected on the first days after calving represents a special
interest as, after a while, the level of proteins, namely, immunoglobulins, rapidly decreases
in it.

The data above emphasize the relevance of the studies, selection and refinement of the
high molecular weight biologically active protein fragments of colostrum for the purposes
of its use in child nutrition, addition into milk powders. This will lead to the development
and production of immuno-prophylactic products for maintaining immunity and preventing
and reducing the occurrence of immunodeficiency states in the human body.
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Introduction. Washing of wool is carried out in an
aqueous environment in order to remove contaminants and
wool fat (zhyropit). Remove sewage from sewage. The purified
fat of wool (food additive E-913, lanolin) is widely used in the
production of food, perfumery, cosmetics and specialty
products and preparations.

Materials and methods. Sles 70 was washed with wipes.
To find rational wool washing parameters, the mathematical
planning of the experiment was performed using Latin squares.
Experimental data was processed using mathematical statistics
in the Matcad package.

Results and discussion. The influence of Sles 70
concentration in the washing solution in the range of 0.5-3.5
g/dm’, the hydromodule 10-50, the temperature 20—50 °C and
the duration of washing 2 to 32 minutes were determined for
extraction of extractives from sheep wool into a washing
solution.

The rational parameters of washing of fine-wool hair are
revealed, influential factors are determined. The possibility of
reducing the amount of water used during washing is studied. A
regression equation is obtained that approximates the effect of
normalized factors on the refractive index n (np™") of waste
water. Three essential and significant factors on the amount of
extracted substances extracted in the washed solution are
selected. The most influential factor on the refractive index of
the spent washing solution is the temperature. Further on the
significance of the effect is the hydromodule, with the
temperature and the hydraulic module exhibit a measurable
effect on the refractive index. The less important factor is the
duration of the washing process. The concentration of detergent
Sles 70 was an ineffective factor in the process of washing the
wool, since the detergent was sufficient to form a micelle in a
clean solution.

Conclusions. It is determined that within the limits of the
investigated range, the rational mode is as follows: washing at a
temperature of 40 °C and a hydromodule of process 10 (the
ratio of aqueous solution: wool 10:1) for a duration of 10
minutes washing solution Sles 70 at a concentration of 1 g/dm’.
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Introduction

Purified wool grease (E-913 lanolin) is widely used in the manufacture of food,
perfume and cosmetics and special products and preparations [1, 2].

The sheep's wool is trimmed after trimming and sent for purification on the primary
treatment. The primary treatment of wool includes dry and wet stages [1, 8]. The dry stage
of primary treatment is intended to remove dry particles from the runes: lumps of earth or
sand, straw. Dry cleaning is carried out on tipping machines, which do not loosen the
fleece's fibers but only shaking, reducing the contamination of the wool. Wet cleansing
involves the sequential movement of wool in several baths (barks) with detergent solutions
for the removal of such substances: vein of wool, sand, residues of feed and excrement,
pigments and other dirt [6—8].

Washing the wool can be done in washing machines that use a different washing
principle. For a van washing machine, it is important to maintain the ratio of water: wool or
hydromodule of the washing process. For a reciprocating machine, the pressure of the water
at the outlet of the nozzles is important, however, the fiber is dumped under the high
pressure of water. Better washing of dirt from wool is characteristic for the bathroom
machine. The mixing of the contents of the bath with the robbery mechanism is more
intense than with the harrow mechanism, due to the reduction of the number of so-called
"dead" zones with standing liquid detergent [14].

Primary treatment of wool includes tepid, wet cleaning, which involves soaking,
washing and rinsing, and drying. Washing of wool is carried out in aqueous solution of
soap and soda for dipping the wool into a solution and successively moving in several
baths, which change the temperature regime and the concentration of detergent solutions.
Soaking is carried out in 0.1-0.2% solution of sodium carbonate (soda ash) with a
temperature of 35-40 °C for 30—40 minutes for the mass ratio of the solution to the wool
from 25 to 30 to 1. After soaking the wool is pressed. Washing is carried out sequentially in
two working chambers of a washing machine in 0,2—0,3% solution of commercial soap and
0.2—-0.3% solution of sodium carbonate at a temperature of 45—50 °C for 5—10 minutes for
a mass ratio of solution to wool 25 to 30 to 1. After washing in each cell wool is pressed.
Next, rinsing is carried out sequentially in two working chambers of the washing machine
and spin after passing the wool of each chamber, and rinsing is performed at a temperature
of 35-40 °C for 5-7 minutes in the first chamber and at a temperature of 20-25 °C for 3 to
5 minutes in the second chamber. After wet processing, the wool is dried in the dryer at an
air temperature of 75-85 °C to a final moisture content of wool of 12—18 %. The spent
cleaning solutions of the final stages of processing after filtration are used for further wool
washing [UA 55426 U, 10.12.2009]. In this way, the waste water that contains grease, dirt
and which consumes 125-150 parts by weight to 1 part by weight of wool is obtained.

In order to increase the capacity of the washing machine and reduce the hanging
particles in the next bath, in comparison with the previous one, it is suggested before
irrigation with a washing solution with a temperature of 1-25 °C above the solution
temperature in the washing machine chamber and to prevent free draining of the excess
portion of the solution towards the spindle shafts [RU 2193081 C1, 20.11.2002].

The reaction movement of the wool and the detergent solution reduces the amount of
waste (waste water) and increases the concentration of suspended particles of dirt in the
first chamber of the washing machine [RU 2228975 C1, 20.05.2004]. Moreover, the
amount of waste water is regulated by the concentration of dirt in the first chamber of a
washing machine [RU 2365685 C1, 27.08.2009], or by the size of the counterflow, which is
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set by adjusting the flow through the overflow pipes and visually fixed on the calibration
openings of the drain tank installed at the beginning of the first washing machine chamber
[RU 2441946, 10.12.2012].

During intense mechanical mixing during wool washing can be dumped. Washing dirty
wool requires the use of water, which, after wool cleaning, requires additional treatment to
separate fat from dirt. Reducing water consumption and preventing the removal of fibers
was achieved by mechanical additional extraction of wool in a washing liquid [9].

Intensification of wool washing was carried out by repeated pressing of wool while
washing and loosening it, bubbling the solution with air. Washing the wool in a bath with
multiple pressing allows you to reduce the volume of sewage twice [10].

Extrusion of wool after each technological operation (soaking, washing, rinsing)
reduces the consumption of water and detergents in 1.2—1.5 times. A small-sized plant for
primary wool processing for agricultural enterprises has been developed, which includes a
spinning roller for pressing wool after soaking and a washing machine, in which there are
two washing chambers and two for rinsing, and moves the wool from the chamber to the
next chamber after it is squeezed [12].

The reduction of the number of baths for washing the wool reaches the previous one
before washing with wool treatment by high voltage electrical discharges [UA 38562 U,
12.01.2009; 16].

Intensification of wool cleaning is carried out by lowering the temperature of the
detergent solution and water for rinsing the wool and simultaneously treating the wool with
high voltage electric discharges [UA 48930 U, 12.04.2010]. Also, the processing of wool
fibers is carried out by high voltage electrical discharges before washing and dyeing to
increase the sorption properties of wool, although, after processing with electrond rigid
nonlinear volumetric cavitation, the weight of wool is reduced [UA 111316 U, 10.11.2016;
11].

During the washing of wool, an electro-hydraulic impact is used which is created in the
field between the grounded conveyor which is immersed in the washing solution and by
which the wool is transported, and the electrodes supplied with current pulses from the
pulse current generator [RU 2049178 C1, 27.11.1995].

When wool is washed, an ultrasound of 5-22 kHz with an intensity of 1-2 W/cm®
using at least two hydrodynamic magnetostrictive transducers is used, and the washing
solution is applied to the washing chamber under pressure of 4—7 atm, which provides
mixing of the solution and the wool [UA 35834 A, 16.01.2001].

Wool washings are carried out using ultrasound in a V-shaped cylinder with a hollow
shaft, with flat acoustic emitters fixed on the acoustically rigid walls of the cylinder, as well
as initiating the washing of the dirt, replacing the washing solution and then removing the
wool oil from the wool [UA 30059 A, 15.11.2000]. The use of flat hydrodynamic emitters
in industrial washing machines is placed over a layer of wool immersed in a washing
solution and placed between the mesh bands of two conveyors that move the wool in a
washing machine [UA 54270 U, 10.11.2010; 13].

There are several interpretations of the use of ozone or air ions in air to improve the
quality of wool due to the restoration of cross-fiber fiber bonds and the increase of urea-
bisulfite solubility of wool [RU 2228974 C1, 20.05.2004] or for destruction of zhiropt and
organic pollutants [UA 56564 A, 15.05.2003].

Washing of wool is carried out in an alkaline fraction of hydrolyzed water at
pH 9.0-9.5, followed by treatment in an acidic fraction of hydrolyzed water at pH 5.0—-6.0
and at a temperature of 45-50 °C without the use of detergents [UA 29671 A, 15.11.2000].
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For washing the wool use 2—3 % water mildew solutions [UA 55426 U, 10.12.2010; 8]
and aqueous solutions with synthetic detergents [UA 32398, 12.05.2008; UA 32960 U,
10.06.2008; UA 57000 U, 10.02.2011].

Consequently, wool washing is carried out in a water environment in order to remove
contaminants and wool grease (zhiropot). After washing the wool accumulates the waste
water that is treated to remove from it the wool fat.

Cleaning the wool is necessary for the removal of mineral and organic contaminants,
adhered to woolen fibers. Apply drying (dry mechanical cleaning from dust, earth, straw,
forage) and soaking and washing (wet cleaning). Washing is carried out necessarily. While
washing with dirt, they take off part of the wax, or the so-called zhiropt, from the surface of
the fiber [UA 105905 U, 11.04.2016; UA 105906 U, 11.04.2016; UA 114836 C2,
10.08.2017; UA 114837 C2, 10.08.2017]. Search for detergents for washing wool is also
relevant today. Requirements for detergent are as follows: the product should not reduce the
quality of the wool fiber (to be chemically inert to the wool), its consumption should be
minimal (critical concentration of micelles — as small as possible) [3, 5].

Materials and methods

Sles 70 was washed with wipes. In order to find rational wool washing parameters, the
mathematical planning of the experiment in Latin squares was used. This plan of
experiment declares the absence of inter-factor influences. This involves the choice of
independent factors and the use of the regression equations of the response of the change in
factors to find the optimal value of the factor in the selected range of variation. Each
experiment experiment performed in triple repetition. Among the factors that were used to
clean the wool during soaking, the concentration of Sles 70 in the washing solution, the
hydrodilution (water ratio: dry wool), temperature, and duration was investigated. In
response to changes in factors, the refractive index of waste water was chosen.

Experimental data was processed using mathematical statistics in the Matcad package.

Results and discussion

The purpose of our study was to find the rational parameters of washing fine-wool hair.
To achieve the goal, the factors influencing the process of extracting extractives in the
washing solution were determined, and the possibility of reducing the amount of water used
during washing was studied. The washing solution was prepared by dissolving an anionic
detergent sodium laureth sulfate (Sles 70), replacing the classical alkaline solution solution
with a solution with a neutral pH of the medium. Solutions up to 3 % Sles 70 have a pH of
6.5-9.5. The critical concentration of micelles (CCM) at a temperature of 20 °C for Sles 70
is 0.55 g/dm’ [4, 15]. Sles 70 is the main ingredient in the hair shampoo formulation.

The influence of Sles 70 concentration in the washing solution in the range of 0.5-3.5
g/dm’, the hydromodule 10-50, the temperature 20—50 °C and the duration of washing 2 to
32 minutes were determined for extraction of extractives from sheep wool into a washing
solution.

The plan of incomplete factor experiment is presented in the table 1.
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Table 1
Planning a partial quotient experiment in Latin squares in physical quantities of factor levels

Experiment | Concentration Sles 70, Hydraulic Temperature, Duration,
No. g/dm’ Module °C min.
1 1.5 55 40 2
2 3.5 25 20 22
3 0.5 40 30 32
4 2.5 10 50 12
5 3.5 55 50 32
6 1.5 40 20 12
7 2.5 25 30 2
8 0.5 10 40 22
9 1.5 10 30 22
10 0.5 25 50 2
11 3.5 40 40 12
12 2.5 55 20 32
13 0.5 55 20 12
14 2.5 40 40 22
15 1.5 25 50 32
16 3.5 10 30 2

The results of a partial factor experiment are presented in the table 2.
Table 2
Average response to changing factors in the selected range
Experiment No. | Refractive index
1 1.3340
2 1.3338
3 1.3338
4 1.3344
5 1.3340
6 1.3336
7 1.3340
8 1.3342
9 1.3342
10 1.3336
11 1.3340
12 1.3336
13 1.3340
14 1.3340
15 1.3338
16 1.3342
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To compare the influence of the investigated factors, the values of the levels of factors
were normalized.

Correlation and regression dependence of the index of refraction on the change of
factors in the studied range was established.

The regression equation, which approximates the effect of normalized factors on the
refractive index n of the treated wastewater:

=—10,0001x,> — 0,0007x; — 0,0001x,>+ 0,0006x, — 0,00007x;> + 0,0003x; + 4,0016,

where  x1 — wool wash temperature in the normalized sense; x2 — hydrological washing
hair in normalized terms; x3 — the duration of wool washing in the normalized sense.

The coefficients in the regression equation are congruent and significant. The effect of
the duration of wool washing is less significant, albeit an influential factor, in comparison
with the influence of temperature and the hydromodule of washing in the studied range of
variation of factors. The obtained regression equation describes the effect of temperature on
extracting extractives in a washing solution with a determination coefficient of 99.4 %, the
effect of the hydrodule represents 89.6 % of the experimental data, and the effect of
duration in the regression equation reproduces 87.1 % of the actual values of the factor
response.

From the regression equation, it follows that the influence of extracting extractives
during washing in the solution of solutions can be ranked in order of decreasing their effect
on the process: washing temperature, hydromodule (ratio of water: wool), duration of
washing process. The concentration of detergent in the solution exceeded its CCM, so the
effect of this factor did not manifest.

On the basis of the regression equation, the surface of the response was constructed,
considering the factors that are in pairs, which have an influence on the extraction of the
extractives in the washing solution during washing.

In Figure 1 shows the response plane for the change of the hydromodule and the
temperature taken in the normalized form. On the plane of the same color, the areas with
the same range of refractive index values of the worked-out detergent solution were
observed.
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Figure 1. The response plane of the values of the refractive index of the spent washing solution
for the change of hydromodule and temperature taken in the normalized form
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Figure 2. The response plane of the values of the refractive index of the spent washing solution
for the change of temperature and duration of washing taken in the normalized form

—— Ukrainian Journal of Food Science. 2017. Volume 5. Issue 2 213



Food Technologies

From Figure 1 shows that the greatest value of the refractive index of the detergent
solution is achieved for the normalized values of the hydromodule 1 and temperature 3,
which correspond to the physical values of the hydrodule 10 respectively and the
temperature of 40 °C. Consequently, the most extractive substances in the washing solution
accumulate in the hydromodule 10 and the temperature of 40 °C.

Wool wash for 22 minutes reaches equilibrium values of the content of extractives in
the washing solution. Extending the duration of washing does not increase the refractive
index of the detergent solution, as seen from the Figure 2. Wool washing in Sles 70 solution
at temperatures in the range of 20—-44 °C for 22 minutes and extracts most of the extractives
for longer.

The hydromodule 10 removes the most extractive substances from the wool in the
washing solution. Consideration of the effects of the hydromodule and the duration of
washing on the value of refractive index of the detergent solution revealed the sufficiency
of varying the duration of the washing process in the range of 12—22 minutes for the
hydromodule 10 (Figure 3).
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Figure 3. The response plane of the values of the refractive index of the spent washing solution

for the change of hydromodule and duration of washing taken in the normalized form

Consequently, the use the ratio of aqueous solution: wool 10:1 is optimal, which
indicated the expediency reducing the amount o water during wool washing.
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Conclusion

The influence of the concentration of detergent in the washing solution, the
hydromodule, the temperature and duration of washing on the refractive index of the
washed waste solution obtained after wool washing was investigated. The refractive index
indirectly indicates the amount of extracts extracted from the wool removed from the wool.

Three essential and significant factors on the content of recovered extractives in the
washed solution were identified. The most influential factor on the refractive index of the
spent washing solution is the temperature. Further on the significance of the effect is the
hydromodule, with the temperature and the hydraulic module exhibit a measurable effect on
the refractive index. The less important factor is the duration of the washing process. The
concentration of detergent Sles 70 was an ineffective factor in the process of washing the
wool, since the medium was taken sufficiently to form a micelle in a washing solution.

According to the results of the mathematical processing of the incomplete factor
experiment planned by the Latin squares method, it is determined that within the limits of
the investigated range, the rational mode of washing is as follows: washing at a temperature
of 40 °C and the hydromodule of the process 10 (ratio of aqueous solution : wool 10:1) for
a duration of 10 minutes washing solution Sles 70 at a concentration of 1 g/dm’.
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Introduction. It was performed a research the physical
and chemical, antioxidant and nutritional properties of the
fondants with beetroot juice addition.

Materials and methods. 3 samples of fondants with
juice obtained from raw (1), boiled (2) and baked (3)
beetroot were used in this study. Methods: sensory analysis
with the help of 15 subjects, the antioxidant activity
assessment through DPPH method, and the chemical test,
which refers to moisture, ash, mineral and reducing sugar
determinations.

Results and discussions. Sample 1, which are fondant
candies with juice obtained from fresh beetroot, was the
most appreciated with a total ranking of 8,92, and sample
III, fondant candies with juice obtained from baked
beetroot, was the least appreciated with a result of 8,55.
Sample II, fondant candies with juice obtained from boiled
beetroot, had an overall assessment of 8,59.

Highest antioxidant capacity occurs in the case of
fondant candies with red juice obtained from raw beetroots
(sample 1), with an overall performance of 93,22%. A rather
lower result had the sample 2 with 92,84%. Sample 3
showed the lowest result of 91,49%.

The highest results in the matter of moisture content
(94,20%) and reducing sugars (14,20%) had the sample 3.
On the contrary, the lowest results for both moisture content
and reducing sugars was shown by sample 2 with 93,2% and
12,1%.

The highest value of ash content was shown by the
sample with raw beetroot juice, 5,66%. Sample 3 had the
lowest level of ash content, 1,18%, five times lower
comparing to the first sample.

Conclusions. The fondants obtained from raw beetroot
juice has the most pronounced antioxidant capacity and the
betaine content is almost double compared with other
analysed samples.
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Introduction

Fondants are types of confectionery. They are categorized based products called
fondanterie flux. Besides fondants in this category are included sherbet, marzipan and other
confectionery [6].

Natural dye is used in both commercial production of food and the cooking class. Due
to their safety and general availability, natural dyes are used in a variety of non-food
applications, for example in handicrafts and educational kits. By the mid 1800s the only
source of dyes used in foods were natural, extracted from saffron, carrots, dude, beetroot
etc. [2] [3].

Manufacturers continue to seek solutions for natural ingredients for the development of
new products, particularly for products that are marketed as "better for consumption". As
costumers demand for healthy food and healthy increases, so does the use of natural colors
[1] 41

Also, natural colors must be declared on the product label. If the red beet juice is used
to shade a foodstuff (sweets, jellies, etc.), it should be indicated as an additive color [4] [5].

It was discovered that in 2010 only 1.6% of confectionery products contained natural
colorants; this number has increased and is estimated to account for over 10% of all
confections in 2020 [13].

An interesting use of natural coloring aids is that many are bioactive and have a strong
antioxidant capacity; for example, betaine extracted from red beet is one of the most
powerful natural antioxidants [2].

A study by a group of UK researchers in 2012 compared the antioxidant activity of
betaine extracted from red beetroot Detroit Dark Red, with the antioxidant capacity of
betaine extracted from an unknown variety.

It has been found that betaine extract obtained from the Detroit Dark Red variety has
higher salt antioxidant capacity (DPPH) than the other extract; 3.28 times greater packing
capacity, and ORACs 20 times higher.

It has been demonstrated in the same study that betaine remains stable in the
gastrointestinal tract without any significant loss of antioxidant properties, which makes its
value as a food additive increase.

Betaines are divided into two groups: betaxanthines and beta-cyanines, due to their
chemical structure. Betaxanthines are condensation products of betalamic acid, they have a
deep violet color [12].

The purpose of this research is the assessment of the physical and chemical behavior of
the beetroot juice added in the product, as well as its properties changes after heat treatment
application. Plus, another intent of this paper is to find if there can be found any correlation
between sensorial and chemical performances of the samples.

Materials and methods

For this study were analysed the following samples:

Sample 1 — fondant candies with beetroot juice, obtained from fresh beetroot;
Sample 2 — fondant candies with beetroot juice, obtained from boiled beetroot;
Sample 3 — fondant candies with beetroot juice, obtained from baked beetroot.
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Sensory analysis

For the sensory analysis has been used the method with hedonic scale (hedonic test).
This method is used for the purpose of introducing a new product on the market, by
assessing the consumer's reaction to the organoleptic properties of the product [7].

The hedonic test allows to determinate both the best sample and the degree of
preference of certain factors such as the packing method, the modification of the recipe as
well as the shelf life [7].

For this method 15 subjects were selected with the help of which were performed the
following determinations: appearance, colour, taste, smell, flavour and texture. [7]

The experiment was held in the laboratory with specific conditions of light, ventilation
and temperature.

Antioxidant activity

This test was performed using the DPPH reagent and a spectrophotometer.

DPPH (2,2-diphenyl-1-picrylhydrazyl) is one of the most stable and commercially
available organic radionuclides and has a maximum UV-VIS absorption at 517 nm. DPPH
method is based on the generation of free radicals, from a methanol solution of 2,2diphenyl
-1- picrylhydrazyl, which absorption disappears in the presence of an antioxidant [§]

Preparation of the solid samples. In three volumetric flasks were introduced 2,5 mg
of each sample, followed by bringing to the mark with methanol. The flasks were agitated
vigorously and left in the dark for 15 minutes, after which the content was filtered through
filter paper. The obtained extracts were used for the calibration curve [8].

Establishment of the calibration curve. For this determination, firstly, was used a
blank sample, namely a methanol solution, used as a standard, for which was determined
the absorbance (Agandgard). The calibration curve for each sample was traced based on 10
solutions containing different amounts of the certain sample extracts and methanol, to
which was added 500 pl of DPPH reagent in every test tube right before the cuvette should
have been placed in the spectrophotometer. These manipulations were followed by the
absorbance determination for each concentration (Agmpic) [9]-

Antioxidant activity value calculation. The inhibition percentage of the free radicals
(I%) was obtained with the equation [8]:

[% — Aslandart - Asample 100

s tan dart
Chemical analysis

Moisture determination. Moisture content of each fondant candy with beets juice was
performed by using the digital moisture analyzer at 100 °C. The total soluble solids were
determined using a Digital ABBE Refractometer and expressed using a Brix degree scale
(°B) [10].

Ash determination. The classic calcination method was used. In a porcelain crucible,
weighed in advance, was introduced the sample. The crucible was placed on the flame of a
gas lamp until the smoke appeared [11].

This procedure was followed by the insertion of the crucible in the electric furnace set
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at 750°C and left the necessary time there until a pale white or gray residue with no traces
of charcoal was obtained [11].

The crucible was cooled in a desiccator until it reached the room temperature, then it
was weighed.

The ash content was determined with the formula [11]:

Ash% = 22100
m

where m; - is the amount of ash in g, which is deduced from the difference between the
weight of the crucible with ash after calcination and the empty crucible

m - the amount of sample taken into work, this being calculated from the difference
between the weight of the crucible with sample before calcination and the empty crucible

[11]

Quantitative determination of mineral substances (EDX spectroscope). Rontgen
energy-dispersive fluorescence spectroscopy is based on measuring discrete energy of each
Rontgen wavelength as expression of concentration and composition. With the emergence
of discrete radiant energy on a semiconductor detector it produces a certain number of pairs
of voids and through them a certain electrical pulse. Current pulses, according to the current
value, are distributed by a multichannel analyzer (about 1000 channels) and give a specific
spectrum that has the order of pulses and the energy abscissa.

All Rontgen fine analysis procedures, whether refractive or spectroscopic, are
analytical and control procedures that act completely non-destructively on the subject
matter under investigation.

Determination of reducing sugar (Schoorl method). Reducing sugars reduce the
copper-tartaric alkaline solution (Fehling's reagent) to Cu,O, which is indirectly
quantitatively determined by iodometric measurement of copper sulphate in the Fehling
solution before and after reduction. The difference obtained is the amount of copper
reduced by sugar.

—  Extraction. An amount of 5-25¢g of the sample evenly blended, it is placed in a 150-
200ml vial where was added 70-80 ml of distilled water heated to 85-90 °C, then
placed on a water bath, and from the moment the water begins to boil for 30 minutes,
started the stirring. The extract is filtered in a 100 ml volumetric flask and washed with
hot distilled water.

—  Dosage of reducing sugars. In a 300 ml Erlenmayer flask, 20 ml of the flaky extract
was introduced, then Fehling I solution 10 ml and Fehling II solution 10 ml, the pot
was heated on an asbestos sieve, the boiling time was exactly 2 minutes. The flask was
cooled in a stream of water, then 20 ml of potassium iodide solution and 15 ml of
sulfuric acid was added.

The liberated iodine is titrated with 0.1N sodium thiosulfate in the presence of starch as
an indicator. The solution of starch is added to the end of the titration when the solution had
a pale yellow color. Titration is continued until the blue color disappears due to the
presence of iodine.
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The amount of copper reduced by sugar is determined by the amount of 0.1 N sodium
thiosulphate used for titration based on the equation:

V= V] — V2

where V| - the volume of 0.1 N sodium thiosulphate used to titrate the blank sample (ml)
V, - the volume of 0.1 N sodium thiosulphate used to titrate the actual sample (ml)
There is the amount of reducing sugar in the analyzed samples based on the equation:

2% = 29100
g
where z is the quantity of inverted sugar from the corresponding table for V ml of Na,S,0;
0,1 N;
d is dilution cipher;
g is weight of analyzed sample (g).

Results and discussions

1. Sensory analysis
Following the sensory analysis on each of the three samples were obtained the
following results.

Graphical interpretation of sensory analysis:

1.1. Appearance assessment
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9,3
9,2

%

9,1
9,0
8,9
8,8

Sample | Sample ll Sample lll

Figure 1.1. Appearance assessment of the fondant candies with beetroot juice

As results from this graph, sample III, namely candies containing juice obtained from
baked beetroots, has the highest value for appearance 9,33. The lowest value of 9 has the
second sample.
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1.2. Colour assessment
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Figure 1.2. Colour assessment of the fondant candies with beetroot juice

Following the completion of the colour graph, sample III has the highest result of 9,53
compared to the other 2 samples.

1.3. Taste assessment
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Figure 1.3. Taste assessment of the fondant candies with beetroot juice

Fondant candies with juice obtained from fresh beetroot have the highest grade in the
taste category, 8,88. Meanwhile sample II was ranked with 7,86.
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1.4. Smell assessment
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Figurel.4. Smell assessment of the fondant candies with beetroot juice
According to this graph, candies made with juice obtained from boiled beetroots are

the most appreciated in terms of smell, with a 8,86 appreciation. Sample I and II had
slightly the same results: 8,13 and 8.

1.5. Flavour assessment
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Figurel.S. Flavour assessment of the fondant candies with beetroot juice

According to graph 5, candies with juice obtained from raw beetroots have the most
pronounced flavour, with a rank of 8,93. The lowest result, 8,20, was obtained by sample II.

—— Ukrainian Journal of Food Science. 2017. Volume 5. Issue 2 223



Food Technologies

1.6. Texture assessment
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Figure 1.6. Texture assessment of the fondant candies with beetroot juice

In the matter of texture, samples were ranked as follows: 9 for sample I, 8,73 for
sample I and 7,33 for sample III.

1.7 Overall sensory analysis performance

After performing the sensory analysis on all three different samples the following
general graph was established:
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%
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Figure 1.7. General graph of the sensory analysis performance

As a result of the overall chart, sample I was the most appreciated with a total ranking
of 8,92, and sample III was the least appreciated with a result of 8,55. Sample II had an
overall assessment of 8,59.
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2.1. Graphical interpretation of antioxidant capacity
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Figure 2.1.1. Sample 1 — Fondant candies with juice obtained from raw beetroots
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Figure 2.1.2. Sample 2 — Fondant candies with juice obtained from boiled beetroots

—— Ukrainian Journal of Food Science. 2017. Volume 5. Issue 2

225



Food Technologies

92,8
92,6
92,4
92,2
92,0 /
//
91,8 /
91,6

91,4
91,2 /

91,0 —

AN
N

90,8
0 50 100 150 200 250

Concentration (pL)

Figure 2.1.3. Sample 3 — Fondant candies with juice obtained from baked beetroots

2.2. Overall antioxidant capacity performance
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Figure 2.2.1. General graph of antioxidant capacity

The highest antioxidant capacity occurs in the case of fondant candies with red juice
obtained from raw beetroots (sample I), with an overall performance of 93,22%. A rather
lower result had the sample II with 92,84%. Simultaneously, sample III showed the lowest
result of 91,49%.

It is also noted that with the absorbance decrease the antioxidant activity decreases.
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3. Chemical analysis of the fondant candies with beetroot juice

3.1. Moisture determination

After keeping the samples in an oven at constant 100 °C for 5 hours, the following
results were obtained:

94,4

94,0

93,6

%

93,2

92,8

92,4
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Figure 3.1. Graphical interpretation of moisture

Sample III has the highest result of 94,20%, meanwhile samples I and II showed a
slightly equal result of 93,4% and 93,2%.

3.2. Ash content

%

6
5
4
3
2

Sample | Sample ll Sampile lll

Figure 3.2. Graphical interpretation of ash content

As a result of this graph, sample I, fondant candies with juice obtained from raw
beetroots has the highest ash content of 5,66%. Sample III showed a five times lower result,
1,18%.
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3.3 Quantitative determination of mineral substances with EDX method
Based on the quantitative determination of mineral substances from fresh beetroot juice
were highlighted the following elements:
80
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60
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0 ,_| —

K Cl P Ca S

Figure 3.3.1. Graphical interpretation of mineral substances from fresh beetroot juice

According to the graph, following the quantitative determination of the mineral
substances in the fresh beetroot juice, it contains an amount of 67,0% K that passes into
ash, but also other elements such as: CI (23.01%), P (13,24%), Ca (8.26%), S (2.52%).

A significant proportion of these elements and minerals are found in the 3 fondant
candy samples. The results are as follows:
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FRESH JUICE SAMPLE | SAMPLE Il SAMPLE Il

OK 67,02 65,08 57,57 60,58
BcCl 23,01 15,2 19,87 22,3
oP 13,24 12,4 10,84 11,58
mCa 8,26 4,26 8,52 3,06
BS 2,52 1,02 2,22 1,4

Figure 3.3.2. General graphic of mineral substances content
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Mineral substances pass into the three samples of fondant candies to some extent, as

follows:

Potassium (K) is found in the highest quantity in sample 1 (65.08%) and the smallest
quantity in sample 2 (57.57%);

Chlorine (Cl) passes to the highest amount in sample 3 (22.3%), and the smallest
quantity is found in sample 1 (15.2%);

Phosphorus (P) is found in the highest quantity in sample 1 (12.4%), and the smallest
quantity in sample 2 (10.84%);

Calcium (Ca), sample 2 has the highest amount of calcium (8.52%), and sample 3 - the
smallest amount (3.06%);

Sulfur (S) migrates to the largest quantity in sample 2 (2.22%), and the smallest
quantity passes to sample 1 (1.02%).

3.4. Determination of reducing sugars. The Schoorl method
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Figure 3.4. Graphical interpretation of reducing sugars content

Sample III has the highest amount of reducing sugars (14.2%). Sample II has the

lowest amount of reducing sugars (12.1%). An amount of 13.2% was presented by sample

L

Conclusions

Betaine (beetroot natural dye) can be used in both its liquid and powder form;

Sample I (fondant candies with fresh beetroot juice) had the highest antioxidant
activity and ash content;

The highest moisture and amount of reducing sugars is given by sample III. Beetroot
juice contains a high amount of mineral substances, but the heat treatment applied to
the fondant candy affects the amount of minerals that migrate from the juice in the
final product.
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Introduction. The research problem of synergistic effects that
can be observed on parallel or sequential fermentation of meat and
vegetable raw materials is not widely presented and requires a more
detailed consideration of these issues.

Materials an methods. The object of research is the technology
of meat-based products. Substance — low-grade fermentation. The
methods of analysis and synthesis were used, literature sources,
presented by publications of leading scientists, whose works are
devoted to processes of fermentation of animal and plant raw
materials and synergistic effects in these processes, are considered.

Results and discussion. The possibility of simultaneous
hydrolysis of proteins of the main meat raw material makes it possible
to modify the biological value of the product within wide limits.
Barely only of the limiting factors here are the biological activities of
individual amino acids. All amino acids are biologically active
substances and excessive amount of them in the free state in an
unbalanced ratio with others can have a negative effect. This question
is more relevant to the medical and biological, but should be taken
into account when evaluating and modeling the composition and
fermentation of new meat-containing products. The fermentation
regimes of raw materials can vary in time and space. In many cases, it
is rational to use certain processes for the fermentation of plant and
meat raw materials in order to avoid excessive microbiological
insemination and overlay effects of different groups of enzymes. This
issue is to be dealt with separately for each particular formulation and
enzyme combination, but in many cases it is more appropriate to
separate the fermentation of meat and vegetable raw materials with
the further inactivation of enzymes at high temperatures and the
addition of minced meat with inactivated enzymes. Synergistic effects
between different types of proteolytic enzymes are studied mainly for
meat products. The course of fermentation processes under influence
simultaneously on meat and vegetable raw materials is poorly
investigated. As has been said above, in many cases, such studies are
not feasible due to the effectiveness of separating fermentation of
meat and vegetable raw materials, however, in many cases, these
synergistic effects should be explored.

Conclusions. The processes of fermentation and proteolysis in
the meat raw material can be carried out with the use of a number of
enzymes of both natural and synthetic origin. Fermentation of plant
material can be carried out in parallel (simultaneously) or separated in
time and space with enzymatic treatment of meat raw materials.
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Introduction

The world market of meat products is in an unstable state in recent years. This is due to
an increase in demand and total consumption in one group of countries and to a decrease in
the other. It should be noted that the global level of world consumption of meat products is
increasing, given the growing population and economic development of Africa and Asia
[1]. However, it is worth analyzing the trends in the qualitative composition of meat
products. WHO official publications, according to which meat products from the "red"
(beef, pork) meat are classified as "potentially carcinogenic" products affecting a large
number of consumers in the countries of Europe and North America [1, 2]. Current research
shows that there are certain chemicals in red and processed meats — both added and
naturally occurring — that cause these foods to be carcinogenic. For example, when a
chemical in red meat called haem is broken down in the gut, N-nitroso chemicals are
formed and these have been found to damage the cells that line the bowel, which can lead
to bowel cancer. These same chemicals also form when processed meat is digested. In
addition, the nitrite and nitrate preservatives used to preserve processed meat produce these
N-nitroso chemicals and can lead to bowel cancer. Therefore, it is highly probable that this
trend will take place in the domestic market. Analyzing the reasons for changing the
structure of the domestic meat market, it is worth pointing out as the main factors a sharp
increase in prices for pork, beef and poultry meat. The causes of these phenomena — the
epidemiological pattern of disease of pigs and poultry market monopolization [3, 4].

Taking into account the given trends, development and improvement of technologies of
meat-based products will solve several problems of the market and industry at once. First, it
will reduce the cost of production by reducing the share of the most valuable raw materials
(veal beef, pork and lamb of the highest and first grades). Secondly, it will expand the range
of products, which will positively affect the development of the market and industry. Third,
increase the rationality of processing low-grade meat raw materials, by combining it with
plant raw materials rich in protein [5, 6].

However, this direction of technology requires improvement. When developing
new and application of known technologies for the production of meat-based products,
some disadvantages are becoming apparent. The first drawback is the complexity of supply
and primary processing of plant raw materials. This raw material has a high moisture
content, which negatively affects the shelf life and structure of the product when it is
introduced without proper treatment. Ways of solving this problem — application of
extruders, drying of raw materials with pre-shredding, lyophil drying, heat treatment under
specific conditions [7]. The second disadvantage is the low biological value of plant
material. As a result, the restriction of the use of low-grade meat raw materials due to the
general value of the product.

To address these issues, it is advisable to use targeted fermentation. Fermentation can
increase the biological value of low-grade raw meat and plant material generally by acting
on peptide bonds in proteins and monomerizatsiyi amino acids and peptides. As a result,
due to the formation of free amino acids and peptides, the content of all essential amino
acids in the product is achieved. According to Mitchell's law, this will lead to an increase in
the absorption of other amino acids that contain large amounts of plant and collagen-
containing raw materials [8].

The use of collagenase in the technology of meat-based products has advantages not
only in increasing the biological value of the product, but also increases the technological
characteristics (positively affects the structure, rheological characteristics and homogeneity
of the forage system) product [9]. However, the created kind of apple systems requires the
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use of enzymes for the processing of plant raw materials. Also, it is worth considering other
types of enzymes that may exhibit positive (or synergistic) effects when making meaty
products in the formulation in combination with collagenase. Among several enzymes
should be identified such as fitsyn, papain and bromelin.

These enzymes belong to the class of proteases (proteolytic enzymes) and act on
peptide bonds between amino acids in proteins, channeling their hydrolysis. Ficcin, papain
and bromelin have isoelectric points, which are achieved at high (8 and higher) pH values.
Therefore, suitable for use in the meat industry.

Material and methods

The object of research is the technology of meat-based products. Substance — low-
grade fermentation.

During the writing of the article the methods of analysis and synthesis were used,
literature sources, presented by publications of leading scientists, whose works are devoted
to processes of fermentation of animal and plant raw materials and synergistic effects in
these processes, are considered.

Results and discussion

The aim of the work was to consider the relevance, prospects and peculiarities of the
technology of meat products with the use of fermentation, analyze the publications on the
chosen topic and draw a conclusion on the prospects of combining collagenase with other
enzymes in meat-based products technology, to consider the available types of enzymes and
their application technologies on the market, to identify the disadvantages of the
technological process of meat products production and the prospects for their elimination.

In general consumer perception towards the intake of meat and meat products is
unhealthy because it may increase the risk of diseases like cardiovascular diseases, obesity
and cancer, because of its high fat content (especially saturated fat) and added synthetic
antioxidants and antimicrobials. Addition of plant derivatives having antioxidant
components including vitamins A, C and E, minerals, polyphenols, flavanoids and
terpenoids in meat products may decrease the risk of several degenerative diseases. To
change consumer attitudes towards meat consumption, the meat industry is undergoing
major transformations by addition of nonmeat ingredients as animal fat replacers, natural
antioxidants and antimicrobials, preferably derived from plant sources.

Fitsin belongs to the group of papainases. According to Liner, it contains in its
molecule at least two sulthydryl groups, of which only one is in the catalytic region of the
enzyme. In addition, ficin contains one disulphide group that is not essential for its activity.
By its action on ficin proteins, pepsin resembles that, since its protein splitting catalyzes
proteins to the stage of polypeptides that have an amine nitrogen ratio of up to 25% overall.
In the technology of meat products, ficin is used to soften the main raw material along with
papain and bromelin (bromelain).

The research has found that the introduction of the enzyme complex on the basis of
ficin, pineapple and papaya processing products increases the overall efficiency of the
process and reduces the strength of the raw material for compression from 17.45 kPa (for
the use of mono-enzyme mixtures) to 16.45 kPa (for a combination of enzymes) [10].
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Papain — a plant enzyme derived from the fruits of the evergreen tropical papaya tree.
In addition, the pulp of papaya fruit itself is tasty, which makes these fruits every year more
and more popular in our country, it contains milk juice, rich in many useful substances and
trace elements. To get juice you need to use only immature fruits. It appears after a cut of
the skin of the fetus. But this is not the only way to get a papain — in addition to natural
origin, the enzyme is also produced by the chemical synthesis of papain.

An important alternative to papaya and ficin in meat products is fungal and bacterial
proteases. Studies of a team of scientists from New Zealand have compared the effects of
different protease types on the characteristics of protein of meat raw material (first class
beef and extracts of the tendons of cattle and pigs) [11]. The authors conclude that such
optimal regimes for the hydrolysis of the investigated raw material, in which there is a
significant synergistic interaction of papain-collagenase — 45 °C, pH ranges from 5.2 to 7.5.
From this we can draw conclusions about the effectiveness of the joint application of these
enzymes in meat products technology, as these regimes are fully implemented during the
initial processing of raw materials.

In the work of the team of scientists on the influence of papain and collagenase on the
fascia and intramuscular connective tissue, it was established that the introduction of this
combination allows the release of insoluble collagen in the intercellular plasma, which
greatly affects the structure of the final product [12].

Microbial collagenases are important and promising enzymes, taking into account the
industrial and biological perspectives for their application. Recent work on their potential
use in the food industry and the benefits of health effects have shown that microbial
collagenase has significant prospects as a major component for biologically active
functional ingredients and for peptides. Collagenases are important virulence factors that
play a decisive role in the global degradation of extracellular animal protein matrices due to
their ability to split collagen. There is no scientific consensus on the well-defined and
proper screening of collagenase produced by micro-organisms. A lot of discussions can be
found in the literature on the correct identification of microbial collagenase. Modern
technologies and strategies used to improve the screening, production and purification of
microbial collagenase with full detail, especially with regard to the classification, structures
and mechanisms of collagen-cleavage of the representatives of collagenases of the M9
family. The potential of microbial collagenase in the development of a process of softening
meat and bioactive "true" collagen peptides or obtaining hydrolyzates. In addition, critical
issues and different strategies for potential uses of collagenase in the food, food,
biotechnology and medical sectors are underlined. [13].

To study the effect of enzymes on monomerization of plant proteins, it is important to
understand the process of decomposition of homologagacturonan (HG) (the most common
pectin polymer) by specific enzymes. HG, a polymer that can be methylated or acetylated.
Both the degree of substitution (methylation and / or acetylation) and polymerization can be
controlled by specific enzymes such as pectin methyl esterase (PME), pectin acetyl esterase
(PAE), polygalacturonase (PG), or pectinal lysis (PLA). Over the past 10 years had been
achieved in the biochemical and functional description of these enzymes [14].

In the work of the team of scientists from the United States conducted comparative
studies of the impact of two types of microbiological enzymes on the monomerization of
protein and carbohydrate soybeans simultaneously [15]. Soy protein is a valuable
nutritional supplement for animal feed. While the protein is ~ 50% skimmed soy flour, it
coexists with complex carbohydrates (30-35%), which may have a negative effect on the
nutritional value. The enzymatic process can remove carbohydrates and produce a protein-
rich soy product. Hydrolyzate with monomerised carbohydrates is a valuable enzyme raw
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material. In this study, the enzymes of the micro-organisms of the species Aspergillus niger
and Trichoderma reesei were compared with respect to the use in the hydrolysis of
carbohydrates. To determine the enzymatic conversion, the following conditions were
applied: pH 3.2-6.4, temperature (40—-60 °C). The effects of factors and interaction between
them are investigated. The optimal pH and temperature were virtually identical for both
enzymes: pH 4.8 and 50-51 °C for the first strain and pH 5.1-5.2 and 48-51 °C for the
second one. Both enzymes also provide similar protein content in soy protein concentrates,
ie 74-75% versus the indicator of 64—68% for most concentrates in the market. The A.
niger enzyme was significantly more effective in converting carbohydrates, reaching
efficiency up to 75%.

The feasibility of concurrent monomerization of proteins and carbohydrates is not
always justified. The reason for this is the ability of monosaccharides to shift the pH of the
environment and influence the autolytic processes in the main raw materials of meat
products. Also, the lack of the presence of monosaccharides is the acceleration of the
development of undesirable microflora due to the presence of nutrient medium for micro-
organisms. It is worth noting the deterioration of organoleptic properties — the taste of the
finished product.

According to the given literary sources — results of researches and publications on the
chosen theme, it is possible to make a number of conclusions about the current state and
problems in the technology of meat-based products and the application of enzyme
combinations in this direction.

The possibility of simultaneous hydrolysis of proteins of the main meat raw material
makes it possible to modify the biological value of the product within wide limits. The
limiting factor here is the biological activity of individual amino acids. All amino acids are
biologically active substances and excessive amount of them in the free state in an
unbalanced ratio with others can have a negative effect. This question relates more to the
biomedical, but should be taken into account when evaluating and modeling the
composition and fermentation of new meat-based products.

It should be remembered that the fermentation of raw mode can be varied in time and
space. In many cases, it is rational to use certain processes for the fermentation of plant and
meat raw materials in order to avoid excessive microbiological insemination and overlay
effects of various groups of enzymes — those used for monomerization and responsible for
the polymerization of carbohydrates. This issue is to be dealt with separately for each
specific formulation and enzyme combination, but in many cases it is more appropriate to
separate the fermentation of meat and plant raw materials with the further inactivation of
enzymes at high temperatures and the addition of minced meat with inactivated enzymes.

The expediency of using collagenase in combination with other enzymes is
appropriate in the vast majority of cases when using low-grade meat raw materials. Factors
limiting the use of this enzyme are primarily economical — in many cases it is impractical to
use collagenase for the hydrolysis of raw materials if the proportion of such raw material in
the formulation is too small. Or the opposite — it is inappropriate to introduce additional
enzymes if the basis of the formulation is only collagen-containing raw materials.

Synergistic effects between different types of proteolytic enzymes are studied mainly
for meat products. The course of the fermentation process when subjected to both meat and
plant material is less explored. As has been said above, in many cases, such studies are not
feasible due to the effectiveness of separating fermentation of meat and plant raw materials,
however, in many cases, these synergistic effects should be explored [16, 17].

Bioactive peptides are short amino acid sequences, that upon release from the parent
protein may play different physiological roles, including antioxidant, antihypertensive,
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antimicrobial, and other bioactivities. They have been identified from a range of foods,
including those of animal origin, e.g., milk and muscle sources (with pork, beef, or chicken
and various species of fish and marine organism). Bioactive peptides are encrypted within
the sequence of the parent protein molecule and latent until released and activated by
enzymatic proteolysis, e.g. during gastrointestinal digestion or food processing. Bioactive
peptides derived from food sources have the potential for incorporation into functional
foods and nutraceuticals. The aim of fermentation process in technology of meat-based
products is also to rise the intake of muscle-derived bioactive peptides, especially those of
fermented meats and the potential benefits of these bioactive compounds to human health
[18, 19].

Ability to use bacterial and other enzymes of microbiological origin is closely related
to the type of a specific producer organism, and therefore requires further research. The
given publications show high enzyme activity of enzymes of microbiological origin, but
there are some restrictions in their application which can have both economic and logistic
character [20]. These issues require further consideration and concretization for domestic
conditions.

Conclusions

According to the analysis of publications, the results of leading research, market trends
and WHO recommendations, the production of meat-based products is feasible and
promising given several factors.

The first factor is the lack of research data, which are aimed to meat and plant
fermentation process during the processing of meat-based products. Many scientific articles
are aimed to meat and collagen-containing stuff fermentation that is caused by high
biological value of these types of stuff. But also fermentation of the plant and vegetable
stuff wasn't considered in equial level and need to be estimated better.

The second factor is the possibility of simplifying the technological process of
processing plant and collagen-containing raw materials with increasing its full value.

The use of enzyme compositions comprising collagenase is effective in view of the
synergistic effects that have been proven by the experimental method for meat raw
material. Synergistic effects and qualitative composition of enzyme compositions in their
interaction in the meat-stuff minced meat system require further research, but even for
negative results, it is possible to solve the problem by the method of separate fermentation
of meat and plant raw materials.

Among the types of enzymes, it is worth highlighting the most effective enzymes that
have the maximum effect on the meat raw material. According to the analyzed publications,
it is worth allocating ficin, bromelin, papain and proteases of microbiological origin.
According to the results of studies, these enzymes exhibit high activity separately and do
not reduce it in absolute majority of cases and with a consistent application, have an
isoelectric point, optimal temperatures and pH levels that are easy to provide in the meat
processing industry. it can be concluded that further research is needed on the processes of
fermentation of meat and plant raw materials and the synergistic effects between enzymes
in these systems.
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Introduction. The effect of two processing conditions on
chemical and consumer acceptability of cocoyam (taro) elubo
was investigated.

Materials and methods: Fresh taro tubers were processed
into elubo using traditional method of four treatments (PsoS12;
P5%Sz4 PsoS 12 and PgySos ) from parboiling at 50°C for 3h and at
60°C for 1h; steeping in water for 12h and 24h. Standard
methods were used to determine the proximate and mineral
composition of the elubo samples. A stiff gel (amala) was
prepared from the elubo samples to evaluate the sensory quality
and consumer acceptability.

Results and discussion: The proximate composition of the
taro elubo samples revealed that the processing treatments had
no significant (p<0.05) effect on the crude fibre (3.80 to
3.83%), carbohydrate (77.50 to 78.80%), and calories (345.32
to 349.47K), while, significant (p<0.05) effects were observed
on the moisture (8.39 to 9.30%), ash (1.56 to, 2.98%) and
protein (5.08 to 6.26%) contents. Parboiling at 50°C resulted in
lower moisture content, though all the values are still within the
acceptable level for storage of food flour. The ash content of
the taro elubo was significantly (p<0.05) influenced by
steeping at 12h with elubo sample obtained from PgSi,
treatment having the highest value. Stepping at 12h also
favoured the protein content, the PsS;, recorded the highest
value. The usual lost of minerals through heat treatment
(parboiling) and leaching (stepping) was observed as the fresh
taro had significantly (p<0.05) high mineral composition.
Elubo sample obtained from Ps,S;, and PgS;, treatments the
highest value for calcium (30.87mg/100g) and potassium
(47.00mg/g) respectively. Increase in steeping time caused a
significant (p<0.05) reduction in the values obtained for
calcium, potassium and sodium. There was no significant
(p<0.05) effect on the iron and manganese contents of the elubo
samples. The sensory qualities of the amala samples showed
that parboiling of taro at 50°C resulted in amala having no
significant (p<0.0) difference in colour, taste, aroma,
consistency and general acceptability with yam amala (the
reference sample). This indicates that low heat treatment is
required for processing of taro corms.

Conclusions. The study showed that the parboiling at 50°C
and stepping at 12h favoured the chemical and sensory qualities
and consumer acceptability of taro elubo than parboiling at
60°C and stepping at 24h.
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Introduction

Cocoyam commonly called taro is an underutilized crop mainly grown for its edible
corms. Taro (Colocasia esculenta) and Tannia (Xanthosoma sagittifolium) are the two most
important genera of the family Aracea [40, 14, 2]. They constitute one of the six most
important root and tuber crops worldwide [13]. Although, they are less important than other
tropical root crops such as yam, cassava and sweet potato, they are still a major staple in
some parts of the tropics and sub-tropics [38]. Taro is produced in abundance in Nigeria,
but less valued as it is regarded as staple food for rural dwellers, the poor and the less
privileged in society [20, 34]. The nutritional and chemical composition as reported by
FAO [15] shows that cocoyam if fully exploited would enhance the food security of people
living in the tropics [14].

Corms of taro have generally been reported to contain digestible starch which is an
important factor when selecting a starchy food that will not be cumbersome on the digestive
system [19] protein of good quality, ascorbic acid, thiamin, riboflavin, niacin and high
scores of amino acids [32]. Report shows that 70 — 80% starch content is with small size
granules [37, 8, 34], which result in high digestibility. According to [22] starch derived
from taro corm is unique because of its very small granular size ranging from 1-5 p,
significantly smaller than that of corn and wheat. The protein and amino acids content are
also higher than other tropical root crops [24, 7]. It is also rich in dietary fibre, thiamine,
calcium, niacin, manganese, magnesium, copper and riboflavin. Consuming nutrients-
packed food like taro is vital for maintaining a healthy immune system, which helps our
body to make use of protein, carbohydrates and other nutrients in the food [36].

Processing greatly increase the utilization of root crops and reduces annual post-
harvest loss of about 30% [23]. Cocoyam flour (elubo) like yam elubo is a major form in
which the tuber could be preserved and consumed during the periods preceding yam harvest
and this underscores its importance as a possible substitute for yam in Nigeria [1,18, 4].
The processing method however affects final product quality [29, 30, 32].

In the traditional production of elubo, the major processing units of critical control
include; parboiling, steeping, and drying [31, 11, 30]. Parboiling and steeping improve the
digestibility, promote palatability, improve keeping quality, reduces anti-nutritional factors
and have effect on the major nutrients, including proteins, carbohydrates, minerals and
vitamins [29, 28, 30, 32], hence appropriate processing conditions are required to ascertain
quality of the final product. The study was designed to determine the effect of parboiling
and steeping conditions on for proximate, minerals and acceptability of taro elubo.

Materials and methods

The cocoyam corms were obtained from the local food market in Osogbo, Osun State,
Nigeria.

Production of cocoyam elubo

The method reported by [29] was adopted for production of the cocoyam elubo. Clean
cocoyam corms were sorted from infected tubers. The selected tubers were peeled and
reduced into even chips (150+3g). The chips were divided into for parboiling at 50°C for 3h
and at 60°C for 1h, steeped in the warm water for 12h and 24h resulting into four
treatments. The parboiled chips were later sun-dried till a constant weight was obtained.
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The dried chips were milled into flour (elubo) using attrition mill and sieved with 0.25um
sieve. The elubo samples were packaged in high density polyethylene bags (10mm
thickness) for further analysis.

Proximate Analysis

Proximate composition of the taro elubo samples were determined using the method
described by AOAC [9]. Moisture, ash, crude fat, protein and crude fibre were determined,
while carbohydrate content was determined using difference method.

Mineral Analysis

The mineral content of the elubo was determined using the method described by [27].
Elubo sample of 0.5g was weighed into a clean ceramic crucible. A blank was prepared
with empty crucible. The crucible was placed in a muffle furnace at 50°C for 4 h. The
sample was allowed to cool down in the oven after which it was removed carefully. The
ashed sample was poured into already labeled 50ml centrifuge tube. The crucible was
rinsed with 5Sml of distilled water into the centrifuge tube. The crucible was rinsed again
with Sml of aqua regia. This was repeated to make a total volume of 20ml. The sample was
mixed properly and centrifuged (ICE Centra GP8) for 10 minutes. The supernatant was
decanted into clean vials for mineral determination. The absorbance was read on atomic
absorption spectrophotometer (Buck Scientific Model 200A) at different wavelength for
each mineral element (copper -324.8nm, zinc -213.9nm, calcium -422.7nm, iron -248.3nm,
magnesium-285.2nm, manganese -279.5nm, sodium -589nm and potassium -766.5nm).

Preparation of amala

The procedure described by [10] was adopted for the preparation of taro amala. About
50g taro amala was added to 200ml boiled water. The paste was stirred manually with a
wooden spoon over a low flame until a smooth consistency was obtained.

Sensory evaluation and consumer acceptability test

The sensory quality [1] and consumer acceptability of faro amala was evaluated using
50 panelists that were familiar with yam amala. A nine point hedonic scale as described by
[21, 19] was adopted. The scale ranged from like extremely (9) to dislike extremely (1).
Each of the samples was rated for appearance, aroma, taste, texture, mouth feel and overall
acceptability

Statistical analysis
Data were subjected to multiple analyses of variance (MANOVA) at 5% significance

level, and mean of samples separated by Duncan multiple range test (DMRT) using
statistical package for social sciences (SPSS) version 20.0.
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Results and Discussion
Proximate composition of taro elubo

The result of proximate composition of fresh taro and taro elubo is presented in Table
1. The two varied processing units (parboiling and steeping) were observed to have
significant (p<0.05) effect on the taro elubo samples. Fresh taro corms constitute majorly of
moisture with other macronutrients in low concentration [34]. The apparent increase in
protein, fat, crude fibre and carbohydrate contents observed in taro e/ubo samples could be
as a result of the removal of moisture and processing conditions which tend to increase the
concentration of nutrients [26].

The moisture content ranging from 8.39 to 9.30% was significantly (p<0.05) affected
by the processing conditions. Elubo from PsyS,4 treatment had the lowest moisture content,
while the highest value was observed in elubo from PgS;, treatment. The results revealed
that parboiling at 50°C and steeping for 24h resulted into lower moisture content compared
to parboiling at 60°C and steeping for 24h. This could be as a result of more dissociation of
the starch granules, easing heat transfer and surface evaporation of moisture. Moisture
content of food or processed products give an indication of its anticipated shelf life. High
moisture content enhances microbial contamination and reduces food quality and stability
[5], therefore the lower the moisture content of a sample, the more its storability. The
values are lower than the values (9.43 — 10.47%) reported for cocoyam flour by [31],
however the values fall within the acceptable limit of not more than 10% for long term
storage of flour [33, 12].

The fresh corm had the significantly (p<0.05) highest ash content, which indicates that
taro in their fresh state is rich in minerals [7, 14]. The effect of parboiling and steeping
conditions is thus significant (p<<0.05) on the ash contents of the e/ubo samples. Parboiling
and steeping conditions have been reported to reduce ash content of processed food
products [6, 11]. The ash contents of the taro elubo are higher than the value reported for
yam elubo (1.84%) by [25] and [11]. While, the range of 1.56 to 2.98% reported by [39]
for cocoyam flour is similar to the values obtained from the study. The result indicates
that the taro elubo could be a good source of essential minerals and trace
elements.

The protein content of root and tuber crops is generally low. Processing of taro into
elubo influenced the protein content due to concentration of the nutrient upon drying. The
highest value (6.45%) was obtained from elubo from Ps,S,4 treatment, while e/ubo from
P60S1, had the lowest value (5.06%). The variation in protein content consequently was due
to the effect of the processing conditions. Heat application denatures proteins [26, 19, 24].
At higher parboiling temperature (60°C), lower protein content was obtained, which may be
as a result of heat denaturation of protein. Parboiling has been found to decrease protein
content due to leaching of nitrogenous substances during steeping and rupturing of
molecules during steaming [35] and this might be the reason for the observed effect. Also
decrease in protein content probably occurred as a result of Maillard reaction, which occurs
between carbohydrates and protein [2, 41]. Browning of elubo is responsible for the
characteristic colour of the cooked paste (amala). The result is similar with the values
reported by [29] and greater than the values reported by [3, 1, 28] for yam elubo. This
explains that taro has higher protein content (thermo-stable) than yam.

There was no significant difference (p<0.05) between the fat contents of the taro elubo
samples. Fat content in flour explains storability of the flour due to various chemical
reactions associated with lipid oxidation [38]. Fat also serve as energy store in the body
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when is broken down to release glycerol thereafter converted into glucose (energy) by the
liver. It has been reported that 1g of fat provides 37Kcal of energy [16]. The low fat content
of taro elubo may make it suitable for diabetics and people suffering from cardiovascular
diseases.

The crude fibre content is similar to the ash content. The effect of the processing
conditions were not significant (p<0.05) on the fibre content. These values compared well
with values reported for cocoyam flour by [28, 29, 18]. Crude fibre represents the content
of the non-digestible components of food, such as lignin, cellulose and hemicelluloses.
These are essential in human nutrition, since they enhance the transit time through the
bowels, facilitates bowels movement thus reducing the risk of colon cancer. The results
indicate that taro elubo is rich in insoluble dietary fibre. This may be relevant in African’s
food and nutritional security. The high carbohydrate content of fresh taro was
reflected on the values obtained from the elubo samples (77.50 to 78.80%). There
was no significant (p<0.05) effect of the processing conditions on the carbohydrate
content. However, the values are slightly higher than values obtained for yam flour
from the study reported by [2] and cocoyam flour by [29]. Carbohydrate supplies
energy to the body, contributes to fat metabolism, spares proteins as an energy
source, act as a mild natural laxative for human beings and generally add to the
bulk of the diet [16].

All the calorie contents of all the taro elubo samples are higher and significantly
(p<0.05) different from the value of the fresh corm. The elubo from Ps,S,, treatment
had the highest calorific value. The result revealed that taro elubo though is a good
source of carbohydrate, can be consumed in large amount without a substantial
increase in the glycemic load in the body.

Mineral composition of fresh taro and taro elubo

The ranges of the mineral composition of taro elubo were: calcium (23.28 to 53.64
mg/100g), potassium (21.45 to 79.53 mg/100g), sodium (15.33 to 65.22 mg/100g),
magnesium (8.38 to 26.2 mg/100g), phosphorus (0.43 to 1.31 mg/100g), iron (0.22 to 1.53
mg/100g), zinc (0.10 tol.32mg/kg), and manganese (1.10 to 3.48 mg/100g) as shown in
Table 2. The nutritional potential, health and food security benefits of taro are justified with
the rich essential mineral content [41].The variation in the mineral composition might
have been influenced by the processing conditions as higher values were obtained
for the fresh taro corm. Minerals are usually lost through heat treatment and leaching
during parboiling and stepping, most especially with potassium, calcium and magnesium
[41, 18]. The processing methods had significant effect on potassium, calcium,
sodium, magnesium and phosphorus, while no effect was obtained for iron and
manganese contents. According to Hassan et al., [17] during processing the nutritive
value and antinutritional components of roots and tubers may be adversely affected.
Calcium is important in the body as it helps to build and maintain bones and teeth [41].

Sodium and potassium are water soluble and are sensitive to high heat processing.
Increase in steeping time caused a significant reduction in the values obtained for potassium
and sodium. Also, elubo samples obtained from steeping of taro for 12h showed better
values for potassium and sodium. Elubo sample from PgyS;, treatment had the highest
sodium content while elubo sample from Ps,S,4 treatment had the lowest value. Potassium
and sodium are important in the diet as they help to regulate acid-base equilibrium and
osmotic pressure of body fluid.
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The values obtained for magnesium, phosphorus, iron, zinc and manganese are lower

than the values reported by Hassan ef al. [17].

Table 1
Proximate composition of Fresh taro and taro elubo
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?;erih 48.93%£0.42 |5.17%0.27| 2.08°:0.22 [0.63%0.01{2.30°+0.17| 40.90°+0.53 |177.54*+1.34)
PsS1 8.82°+0.74 [1.987+0.14] 6.26°£0.44 [1.34°+0.32|3.83%£0.00| 77.77°£1.20 |348.78°+3.72
PsoSs 7.95°+0.90 |1.70°40.07| 6.45%£0.51 |1.28%+0.77|3.81%0.00| 78.81%+1.24 [352.52°+0.06
PsoSio 9.30°+0.37 |2.20°£0.07 | 5.86°+0.80 |1.32°+0.47|3.82°£0.04| 77.50°t1.52 |345.32°+1.33
PsoSaa 8.39°+1.02 |1.827+0.58| 5.08£0.77 |1.23%t0.643.80°£0.00| 79.68°+2.29 |349.47°+0.31

Mean values with different superscripts within the same column are significantly different at p< 0.05
P50S 1. parboiled at 50°C, steeped for 12h
P50S,4. parboiled at 50°C, steeped for 24h
PoS12: parboiled at 60°C, steeped for 12h
PeoS24: parboiled at 60°C, steeped for 24h

Table 2
Minerals composition of fresh taro and taro elubo
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Fresh 53.64° 79.53° 65.22° 26.2° 2.03° 1.53% | 1.32° 3.48°
+£1.03 +0.96 +0.40 +0.53 +0.10 £0.05 | £0.03 | +0.78
Pes 30.87° | 26.33° 23.15° 8.67 0.88° 0.22° | 0.15° 1.15°
50212 +£0.72 +1.14 £1.15 +0.16 +0.18 £0.04 | £0.01 | +0.18
Pes 25307 [ 21.45° 15.337 8.38° 0.92° 0.42° | 0.15° 1.15°
50924 | 401 +1.76 £1.15 +0.07 +0.48 £0.29 | £0.01 | +0.00
.S 2631 | 47.00° 31.63° 8.72° 0.43¢ 0.44° | 0.10° 1.10°
60212 +1.16 +2.86 +1.38 +0.26 +0.25 +0.07 | +£0.03 | +0.02
.S 23.28% | 27.79° 18.59°C 8.56" 0.57% 0.51° | 0.12° 1.23°
60224 +0.10 +1.58 +1.38 +0.12 +0.27 +0.02 | +£0.00 +0.13

Mean values with different superscripts within the same column are significantly different at p< 0.05
P50S12. parboiled at 50°C, steeped for 12h
P50S,4. parboiled at 50°C, steeped for 24h
PoS12: parboiled at 60°C, steeped for 12h
PeoS24: parboiled at 60°C, steeped for 24h
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Sensory properties of taro amala

The mean sensory scores of amala produced from the taro elubo samples varied
significantly (p<0.05) as shown in Table 3. The amala prepared from sample Ps,Sy4
treatment had the highest mean score of 7.70 for colour and was more preferred than the
reference sample (amala from yam elubo). The aroma values ranged from 7.55 to 6.20 with
amala prepared from elubo of Ps,S;, treatment having the highest score and amala from
Ps0Sy4 treatment having the least score. The reference recorded 7.05 for taste which were
lower than some scores obtained for the taro amala samples. This indicates that on the
average level, the taro amala samples had better scores than the yam amala. Parboiling of
taro at 50°C influenced the consistency quality and mouth feel qualities. Consistency of
amala explains the firmness and viscosity quality. This is one of the major acceptable
characteristics of the stiff dough [3, 1, 23]. In generally, yam amala was most accepted than
the taro amala samples. However, the amala obtained from taro elubo parboiled at 50°C
were not significantly different from the reference. This indicates that low heat treatment is
required for processing of taro corms.

Sensory Quality and Consumer Acceptability scores of taro amala fables
Samples Colour Taste Aroma N[f(e“el]t h Consistency Acf:p‘;zli::i ty
Reference | 7.65%1.18 6'22* 7'10.5;? 7'{‘22* 7004145 | 7.71°=1.14
PsSi 7.67%1.40 i?,:; 7'5 31* 7'322* 7.08%+1.84 | 7.67°%1.56
PsoSas LQO; 7'002? 7&3;* 7'11 i:i 7.15°£0.93 | 7.60°%0.73
PsoSi 7.15%41.46 6'1§§C6i 7.13.21,; 6'1§Z;i 6.13°+1.80 | 6.85°%1.69
PgoSas f12251 i'logj 6'522* 6'?%* 6389146 | 6.70°+138

Mean values with different superscripts within the same column are significantly different at p< 0.05
Reference: Amala prepared from yam elubo

P50S12. Amala prepared from taro elubo parboiled at 50°C and steeped for 12h

P50S,4. Amala prepared from taro elubo parboiled at 50°C and steeped for 24h

PoS12: Amala prepared from taro elubo parboiled at 60°C and steeped for 12h

PoS24: Amala prepared from taro elubo parboiled at 60°C and steeped for 24h

Conclusion

The study has shown that the chemical qualities of taro elubo are significantly
influenced by the processing conditions. Parboiling at 50°C and stepping at 12h favoured
the chemical qualities than parboiling at 60°C and stepping at 24h. Amala from elubo
produced from parboiling at 50°C and stepping at 12h was also found to have similar
sensory qualities and consumer acceptability with yam amala.
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Introduction. Investigation of the properties of refined
deodorized peanut and sunflower oil blends has been carried
out in order to influence the indexes of their antioxidant
properties on the basis of acid and peroxide numbers.

Materials and methods. The vegetable oils parameters
were determined: acid number by titrometric method, the
peroxide number by the iodometric method, iodine number
by the Weiss method. Fatty acid composition was studied by
gas-liquid chromatography on a Hewlett Packard HP-6890
chromatograph using a HP-88 capillary column.

Results and discussion. The antioxidant properties of
vegetable oils were depended on the fatty acid composition,
the natural properties and the method of obtaining. Analysis
of the fatty acid content of peanut oil shows that it contains,
among others, about 60% oleic, 19% linoleic and 9%
palmitic fatty acids. Composition and properties of blends
are regulated by peanut and sunflower oil ratio. Acid
number of refined sunflower oil have increased from 0.3 to
0.6 mgKOH/g during 7 months storage. Such growth
indicates rapid oxidation. Increasing the content of peanut
oil in the blends leads to an increase of antioxidant stability.
The peroxide number of the blend of 30 % and 70 % was
lower than sunflower oil by 25%. The acid number increase
of this blend is significantly slower compared with others.
This result is due to the fact that the composition of blends
is abounded by fraction of monounsaturated fatty acids of
peanut oil, which contains up to 60% of fatty acids Omega-9
family addition.

Conclusions. Peanut and sunflower refined deodorized
oil blends samples have better antioxidant properties than
sunflower oil it self. The best ratio is a blend of 30:70
peanut and sunflower oil.
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Introduction

The consumption of vegetable oils increases annually in the world that is why the
development of new oil and fat products of high quality is important.

The use of peanut oil is multifaceted [1]. The consumption of peanut oil is known both
in food industry and in medicine and cosmetology.

Peanut oil after the composition has a significant amount of vitamins, especially group
B. This oil contains numerous microelements such as polyphenols, phospholipids, and
phytosterols.

Peanut oil [2] contains to 60% of monounsaturated oleic acid Omega-9, also to 30% of
unsaturated fatty acids Omega - 6, which contributes to a significant strengthening of the
immune system, improve the system of sexual rights, normalize hormonal balance and
blood cholesterol levels.

In particular, peanut oil is rich in folic acid that plays an important role in the
regeneration and growth of cells with antioxidants reduce free radicals. Thus, the processes
of organism aging are slowed. In addition, regular consumption of peanut oil improves the
process of removing toxins and speed up metabolism in the body, which is considered the
most important feature of food product.

The refined peanut oil is mostly used in confectionary [3]. This foodstuff sufficiently
often consume with a large vitamin component and vitamin-rich energy value. Peanut oil
even at the insignificant food consumption adds a feeling of satiety for a long time.
Consumer properties of this oil are revealed when it is used for filling various salads and
cold vegetable dishes. For deep-frying cooking consumption of peanut butter is two times
lower than when using other oils. Peanut oil does not smoke.

The chemical composition and other characteristics of peanut oil is similar to olive,
known for unique curative properties. However, the price of peanut oil significantly lower.
Compared with the degree of saturation sunflower oil fatty acid peanut oil higher. In
comparing to sunflower-seed oil, the degree of saturation of fat acids of peanut oil is higher.
In Ukraine sunflower oil is the most widely used in mayonnaise recipes.

It is possible to assume that the development of technology blends with refined
deodorized peanut and sunflower oils will allow taking advantage of the peanut butter along
with the attractive price of sunflower oil and getting better quality characteristics of new oil
fatty products [4].

Materials and methods

Blend of refined deodorized peanut and sunflower oils were prepared by mixing in the
appropriate ratio of refined deodorized peanut oil of Swiss production and refined
deodorized sunflower oil of Ukrainian origin.

Fatty acid composition of refined deodorized peanut oil compared with unrefined
peanut oil was checked and obtained by its pressing from peanut kernels beans on
laboratory screw press [5] and refined deodorized sunflower oil.

Fatty acid composition of oils was studied by gas-liquid chromatography on a Hewlett
Packard HP-6890 chromatograph using a HP-88 capillary column [6].

Sensory properties of oils were evaluated for original appearance, color and smell of
tasting technique [6,8].

Determination of the acid number was performed according to the titration
methodologies.
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Determination of the peroxide number was conducted according to iodometric
methodologies.
Results and discussion

Comparative analysis of the fatty acid composition of refined deodorized and
unpurified peanut oil, and sunflower oil is in Table 1.

Table 1
Comparative description of fatty acid composition of vegetative oil
Fat acid Sample 1 | Sample 2 | Sample 3

Myristic - - -
Palmitic 9,1 9,2 7,1
Palmetelaidic 0,1 0,1 0,1
Stearin 3,3 3,5 3,4
Oleic 61,2 62,4 25,0
Linoleic 19,2 17,6 62,9
Arachic 1,5 1,4 0,2
Eicosanoid 1,2 1,4 -
Gadoleic - -
Behenic 2,6 2.4 0,7
Eicosatetraenoic - - -
Erucic - - -
Lignoretic 1,4 1,5 0,13
Eicosapentaenoic - - -
Nervonic - - -
Docosahexaenoic - - -
Total 100,0 100,0 100,0

Sample 1 - Press unrefined peanut oil got in laboratory terms,

Sample 2 - Refined deodorized peanut oil (Erdnussél) (Switzerland)

Sample 3 — Refined deodorized sunflower oil (Ukraine)
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Table 2
Comparative sensory evaluation of the quality of oils

Name of quality indexes, description Estimation Sarilple Sar;lple
Taste and smell
With the poorly expressed aftertaste of feedstock. 10 9 10
Tastes and smells are not allowed
With a strong taste of raw materials. Tastes and 10 i i
smells are not allowed.
Transparency
Transparent 10 10 10
Transparent, allowed a slight turbidity 10 - -
Color
According to normative documents | 10 | 10 ] 10

Sample 1 - Refined deodorized peanut oil (Erdnussél) (Switzerland),
Sample 2 - Refined deodorized sunflower oil (Ukraine)

Analysis of fatty acid composition of peanut and sunflower oils shows that peanut oil
has a very high ratio ® 3: ® 6 polyunsaturated fatty acids, which shows its high biological
value. Peanut oil is balanced for fatty acid composition and is more intense than sunflower
oil.

Refined deodorized peanut is oil of Swiss production is similar in fatty acid
composition of peanut press unrefined oil received in the laboratory condition. Feature of
peanut oil is also high in oleic acid, which provides a high antioxidant stability of sunflower
oil blends.

Comparative Sensory evaluation of the quality of refined deodorized peanut and
unflower oils is in Table. 2.

Refined deodorized peanut and sunflower oils were investigated with physical and
chemical indexes (Table 3)

Table 3
Comparative description of physical and chemical indexes
of refined deodorized peanut and sunflower oils

Indexes Norm [Sample 1|Sample 2 [Sample 3
Acid value,
mg KOH/g no more 0.5 0.38 0,25 0,37
Peroxide number
2 mmol / kg, no more
lodic number,
g J2/100g, no more

10 1,2 2,0 1,1

83-105 94 125-145 | 136

Sample 1 - Refined deodorized peanut oil (Erdnussél) (Switzerland),
Sample 2 -Refined deodorized sunflower oil,
Sample 3 - Refined deodorized sunflower oil (Ukraine)
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According to the research of sensory characteristics, we can conclude that refined
deodorized peanut oil satisfies the requirements. And according to data presented in Table
3, it is shown that refined deodorized peanut oil of Swiss production for its physical and
chemical rates do not exceed the norms and for those indexes it is like a refined deodorized
sunflower oil of Ukrainian origin.

0,7

0,6

0,5

0,4

0,3

Acid number, mg KOH/g

0,2

0,1

Months
—O— Sunflower oil
- - 4 - -Blend peanut and sunflower oils (10:90)
— &5 - Blend peanut and sunflower oils (20:80)
— 4l — Blend peanut and sunflower oils (30:70)

Figure 1. The change in acid number blend peanut and sunflower oils during 7 months’ storage

On this basis, it was proposed to use peanut refined deodorized oil for developing
blends of the given oil with refined deodorized sunflower oil.

Blends from peanut and sunflower oils were worked out at correlation according to
10:90, 20:80, 30:70, as a norm does not provide blends recipes with peanut oil. For this
purpose the recommended correlations of oils to olive or rape oil blends with sunflower oil.
A study of changes of acid and peroxide numbers blends refined deodorized peanut and
sunflower oil at the ratio of 10:90 respectively, 20:80, 30:70 under the influence of
atmospheric oxygen during the blends storage at room temperature compared with
sunflower oil. Curves changes in these indicators are presented in Figure 1 and Figure 2.
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According to our data, we can conclude that the change of acid and peroxide numbers
in 7 months’ storage the developed blends of peanut and sunflower oils does not exceed the
norm and change similarly with acid and peroxide numbers of sunflower oil. Developed
blends can be used in the formulations of other food products (the rational ratio peanut and
sunflower oils is 30:70) [6].

4,0
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2,5

2,0

Peroxide number, 20 mmol/kg

1,5

1,0

0,5

0,0
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- 4 - -Blend peanut and sunflower oils (10:90)
— =I5 - Blend peanut and sunflower oils (20:80)
— 4 — Blend peanut and sunflower oils (30:70)

Figure 2. The change in the number of peroxide blend peanut and sunflower oils during 7
months’ storage

Conclusion

Use of method of the mathematical planning of experiment in this work the optimal
compounding of peanut and sunflower blends refined deodorized oils were developed. Our
studies showed that the blend peanut and sunflower oils have high biological value as a new
type of oil and fat products [7]. Developed blends of peanut and sunflower oil recipes can
be used for food production [8—10].
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Introduction. This research aims to develop the method
of synthesis of interconnected robust power system
stabilizer (IRPSS) for power supply systems of sugar
factories with own turbine generators.

Materials and methods. The mathematical tools of H,,
synthesis with pole placement and the linear matrix
inequalities (LMI) are used for developing the method of
IRPSS synthesis. MATLAB Simulink is used to verify
synthesized regulator by computer simulation.

Results and discussion. A model of power supply
system with own generator, automatic exciter regulator,
turbine and speed governor is constructed. The controlled
object nonlinear differential equations model is linearized
and simplified by reducing of its order using Schur's
method. The model is extended with chosen weighting
functions preparing for H,, synthesis procedure. The LMI
region is chosen in the form of a conic sector for satisfying
condition of lower oscillability of transient process, which is
the main goal of such a regulator to optimize turbine
generator operation process.

The IRPSS for extended model was synthesized, using
H,, synthesis procedure with poles placement. The regulator
is presented in the form of matrix continuous transfer
function.

The transition process of 3-phase short-circuit fault
behind the transformer and subsequent automatic re-closing
is simulated with full-order nonlinear model with IRPSS
and compared with standard system stabilizer and the
system without stabilizer. The graphs of modelled transients
demonstrate effectiveness of IRPSS.

Conclusion. The developed method can be used for
operation process optimization of turbine generators in
sugar factories. The synthesized IRPSS was found to have
satisfying robust stability and performance qualities for
given structure of power system.
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Introduction

A power supply system of a sugar factory may enclose the turbine generators to cover
the electricity requirements during peak loads. The availability of its own turbine units
allows saving the heat and electrical energy in both production and standing periods of
manufacturing process. As turbine generators in such a scheme work a lot of time in a state
of transient processes, it is important to ensure their stable operation using power system
stabilizers [10, 13].

In the mathematical model of electrical turbine generators connected to an electrical
system, it is not always possible to determine exactly all the parameters. Moreover, because
of simplification and linearization of models there is the so-called unmodeled dynamics
[11, 12]. This leads to the fact that the system stabilizers that are synthesized for one set of
model parameters do not always provide the desired level of stability and quality control for
other parameters values within the permissible limits.

There are techniques to synthesize controllers that are insensitive to changes of model
parameters in certain ranges, which are called robust control design methods. In works [1,
6, 9] some variants of the synthesis of robust controllers for power systems were proposed.
In this work, the goal is to expand these results and apply these techniques for controllers
that stabilize the operation of the turbine unit, using not only the traditional channel of
excitation system, but also an additional channel of the steam turbine governing system.

Materials and methods

The method of H, synthesis with pole placement. Stability of the synthesized
controller in this paper is based on the small gain theorem [7].

Let RH_ be the space of stable proper rational functions, i.e. functions of the form
G(s)= A(s)/ B(s) , where A4 is the polynomial, B — a polynomial with roots with negative
real part, and degA<degB. If M(s) is the matrix with elements m, (s), the expression
M(s) € RH, means that m,(s) € RH,, for all i,.

The norm |||, in space RH, is defined as | W (s)|, = sup || W(ja))||2, where -], -

is the spectral norm of the matrix, which is equal to its largest singular value & .

The small gain theorem states, that if M (s) € RH, , then matrix (/+M (s)A(s))fl is

exists and belongs to RH, for all A(s)eRH,, |A(s)|, <1/y if and only if, when
||M (s)||m <y . From this theorem appears that if we take the additive model of uncertainty
G, =G+AW,, where G is the model with nominal parameters, A is an arbitrary stable
transfer function that corresponds to the condition ||A||m <1, and W, is weighting function,
which generally belongs RH_ , the robust stability of the closed-loop system with the

©

controller K(s) for all ||A(s)||m£1 takes place if ||W2KS||DC£1, where

S=(I+M(s)K (s))fl is so called output sensitivity function.
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Based on the above, one of the quality criteria, which appears to be the condition of
searching for the optimal robust controller, will be the criterion min||VI/2KS ||3c . It should be

noted that this criterion is responsible for control signal bounds. Consequently, if there are
clear requirements to the control signal, such that they expressed the weighting function
W, , then for the specified criteria the weighting function which is need to be selected
among W, and W, , will be that the graph of maximum singular number & (za)) of which is
greater.

To meet the requirements of the usual performance specifications there is another
criterion that should be optimized along with the above one: min ||WIS|Lc , where W, € RH
is the another weighting function. It follows from requirements of minimisation of the
control error and, as a rule, should provide a high quality of tracking and disturbance
attenuation at the object’s output.

But using the weighting function W, is very difficult to specify some transient process
specifications, for example, its dumping coefficient, so in addition to the restrictions that

can be put together in this way: min , in [1] it was proposed to introduce an

w.S
W,KS||.
additional constraint on the poles of the closed-loop system in the form of regions that can

be described in the form of linear matrix inequalities (LMI).
A region in the complex plane can be described using expressions of the form

D={zeC|L+zM+zM" <0},

where L is some symmetric matrix mxm, M is an arbitrary matrix mxm . Here the
matrix-valued function f, = L+2zM +zZM" is denoted as the characteristic function of the
LMI region D.

Consider an example of such a region, which limits the dumping coefficient of closed-
loop object (Fig. 1). This area is called conic sector and guarantees that the damping ratio is
not less than & =cos@ or the oscillability is not more than u =tgf, where u =£ and

o
a+ jf are the complex roots of the closed-loop system. The region D of the conic sector

can be written as

D ={z | Rez<0,|ImZ| <tg9},

|Re z|
or through matrix inequalities

sinf cos@ sinf —cosf ) _
D=4zeC| ) z+ ] z<0¢.
—cosf sind cos@ sind
sin@ cosHj

where the matrix L=0 and M = .
—cosf sin@
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Figure 1. LMI region — conic sector

Mathematical model of controlled object

Steam turbines mathematical models in calculations of transients in electrical systems
should reflect the impact of speed governing system to turbine output power when
rotational frequency is changing [3]. The models of steam turbines are generally based on
the assumption of the constancy of the steam pressure before the control valves. Thus the
control system of the boiler is not taken into account. This determines the scope of the
mathematical model of the steam turbine: it is adequate to those transients which endure no
more than 5-10 seconds from the moment of frequency change.

The equation of steam turbine governing system [8]

du*_l(s N j
dt T \o et Hoe )

c

lumin S lu* S lumax ’ lu* = lu / lunum ’ luO* = luO /lunum ’ s = (a)num _w)/wnum >

where o — the droop of the governing system of the turbine; 7, — time constant of the
servomotor that moves the valves of the turbine; 1. — the current value of the servomotor

displacement that equals in per unit system to the displacement of equivalent responsive
valve of the turbine; u __ — is the nominal value of the servomotor displacement that

nom

corresponds to the nominal power of the turbine at the nominal mode parameters of the
unit; u,. — the initial value of the servo motor position; s — slip; @, ®,,, — current and

nominal frequency value; u .., p.. — the restrictions of the servomotor displacement,

minimal and maximal respectively.
The equation of the turbine

dP, 1
D= p.p;; Pyp = Dhyp ; i =_(D(1_kHP)_PLMP);PT=PHP+P

o> LMP >
PP

where D — the current value of the flow rate of steam passing through the turbine; p, —
steam pressure before the turbine; 7,, — time constant of intermediate steam reheater; &,
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— part of the power that produced by turbine high pressure stage; P, — output power of the
turbine high pressure stage; P, — output power of the turbine middle pressure and low
pressure stages; P, — full output power of the turbine.

The equation of the turbine speed governor simplistically describes the measuring part
of the governor (assuming ideal and is replaced by the gain //o) and hydraulic servomotor
of turbine control valves [transfer function 1/ (TL, p+ 1) ]. The input of the unit is a signal of
the slip s, the output is a signal of displacement of the servomotor. The displacement of the
servomotor has upper and lower limits.

Turbine with intermediate steam reheating, which has a large storage capacity, is
modelled by two parallel elements, one of which is the gain block, and the second is first-
order system. The gain block is related to the turbine high pressure stage (HP), which is
located between the control valve and the intermediate reheater. Variation of power P, by
changing the position of HP control valves actually lasts for 0.2-0.4 s, which is determined
by volume of steam behind the valve, but in this simplified model this time lag is ignored
and the transfer function is taken to be equal k,, . The other part of the power which is
produced by turbine middle pressure and low pressure stages changes with a time lag
determined by the capacitance of the intermediate reheater. This part of the turbine's
dynamic property is modelled as the first-order system (1—k,,)/(T,,p+1).

The mathematical model of turbine generator with a rigid shaft can be represented as
follows:

. dy, . dy . dy,
Uy =rszd+—dt" ~oy,; U, =ri, +_dtq +oy,; U, =1, +—dt‘ ;
; v, . ; dy/kq .
0=rkd1kd+7,0=rkqlw+ P

Wy =Xyly X0+ X005 W, = X0 X, 0, 5 W, =Xl + X0, + X400,
Wy = Xgly X000 + X005 W, = X0+ X0
d’o do

Jdt2 —Mt—(y/diq—y/qid); Ezw,

where x_,7, — stator resistance, M, = P, / @ — turbine torque.
The model of external power system:

di, ) ]
E cos(©)=x,—-+ri +wx,i, +U
s th v'g v 89

di, ) ]
E cos(©)=x,—~+ri +wx,i, +U
s th v'g v 89

where x,,7, — resistance of external power system, E_— external system electromotive
force.

The model of automatic excitation proportional regulator without stabilization
channels, dynamics of the exciter is ignored:
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Ug = VU;’ + U; ) Ef = _KOU (Ug _Ugnum ) .

Model linearization and simplification

First step of robust control system design is linearizing of turbine generator model with
automatic excitation regulator (AER) and a turbine speed governor (TSG) in the
neighbourhood of the nominal operation point to obtain the linear system G with inputs u1
and u2 to AER and TSG, respectively, and with the output y as slip do (Fig. 2).

As a result of the controller synthesis for complex high-order models with the help of
robust methods one can usually obtain the high-order regulators. Such regulators are not
only difficult to implement but sometimes overly precise. There are different ways to obtain
a lower-order controller [2]: to lower the order of the original object model with subsequent
synthesis of controller, to synthesize the controller for the initial model and then reduce its
order or to synthesize at once a reduced order controller for the full model.

In this work we have chosen the method of lowering the order of the original model.
First we simplify the model to a 4-th order with the help of Schur's method [2]. The
resulting transfer matrix G is:

s*+6.8995 +168.95° +794.45 +4231  5* +6.899s° +168.95” +794.45 + 4231
The model can be represented schematically as shown in fig. 2.

~ [—0.005465& +0.11455% +1.2955+1.001  0.000057s" —0.8185> —34.455 —11.73 J

u1l
uTsSG
y dw
—Pp{u2
UAER

G: TA+AER+TSG

Figure 2. Schematic representation of the model
Uncertainty of the model

In the model of power system with turbine generators there are many sources of
uncertainty. In this study, for example of using the method we will consider model
uncertainty with respect to one parameter —AER gain for voltage channel K, , which can

Ou >
range from 50 to 150 p. u. Nominal value is selected to be K, =100. We accept the model
of unstructured additive uncertainty which was described above. The weighting function
W, in this model is chosen based on the model uncertainty and ranges of parameters in

such a way: we build a set of frequency response of difference G -G, ~with the

param nom
parameters from the range of their variations, in this case for K, €[50,150]. By the
maximum of this frequency response family we can restore a minimum-phase transfer
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w, 0
. Another

function w,, which makes a matrix weighting function W, =( 0
WZ

simplification could be the replacement of w, with a constant function that equals to the

maximum point of the set of frequency response of differences G -G

param nom *
For application of the H,, norm optimization theory we construct extended model P
based on the original system G, which is shown in Fig,. 3.

E P —I| W ‘: Z]=
d ! I
' H
| W, : >
| ]
2 »o— G(s) O T

Figure 3. Extended model

The place of the controller K in the system is shown in Fig. 4.

d Z
P(e)

L

K(8)

F 3

Figure 4. Closed-loop model with controller K

The function W, is responsible for the constraint on the sensitivity function S and has

the form [5]:
1 s+o

f .
S, s+o,

We select the region of the poles placement in the form of a conic sector with an angle
0 =30" from requirements of reducing process oscillability and the existence of a stable
transient process in the simulation on the original model that is found by numerical
calculations.
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Results and discussion

Controller synthesis. We synthesize the controller K by the procedure described
above using the MATLAB function hinfmix. The form of the obtained regulator is:

15.335° +4.535-10°s* +1.018-107s° +4.622-10" s> +1.691-10°s +1.69-10’
s +3782s* +1.786-10°s° +2.956-10°s* +5.535-10° s — 5240
—89.175° —=5.623-10°s* +1.826-10°s” +2.716-10°s* +1.311-10°5 - 2.772-10°
s°+3782s* +1.786-10°s* +2.956-10°s* +5.535-10° s — 5240

Pole-zero map of the closed-loop system (Fig. 5) shows that the poles of that system
with nominal parameters lie within the selected sector.

10 | T

10 ' '
15 10 5 0

Figure 5. Pole-zero map of the closed-loop system

Simulation of the transient process on the full-order nonlinear model. The
scheme of simulation of transient processes with interconnected system stabilizer is shown
in Fig. 6.

We simulate the transient process of 3-phase short-circuit fault (0.2 s) behind the
transformer and subsequent automatic re-closing for the system with the turbine generator
without stabilizer, with the standard [4] and interconnected robust system stabilizer,
drawing them on the same graph (Fig. 7). This graph shows lower oscillability of transient
process with the use of robust controller with poles placement technique. To demonstrate
the robust properties of the synthesized controller, the graphs were generated for different
values of K, . In Fig. 7 a) for K, 100 and 150, b) K, 100 and 50.
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Figure 6. Simulation scheme
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Conclusion

To ensure the performance specifications of automatic control of the turbine-generator
unit it is expedient to use interconnected robust controller, which is synthesized using He.-
optimization method with the closed-loop system poles placements with the linear matrix
inequalities regions. As numeric simulation graphs show this kind of controller has better
performance specifications of transients than the standard power system stabiliser which
was reported by P. Kundur in [4].

It was shown that the method of model simplification before the synthesis of controller
can produce sufficient accuracy for resulting system stabiliser. In addition, the selection
method of weighting functions for chosen uncertainty model leads not only to robust
stabilization of closed-loop system but to robust satisfying of performance specifications of
transients for different model parameters within their predefined ranges.

References

1.

10.

11.

12.

13.

266 —— Ukrainian Journal of Food Science. 2017. Volume 5. Issue 2

Chiali M, Gahinet P. (1995), H-inf design with pole placement constraints: an LMI
approach, IEEE Trans. Aut. Contr., 41, pp. 358-367.

Gu Da-Wei, Petkov Petko H., Konstantinov Mihail M. (2013), Robust Control
Design with MATLAB, Springer, London

Gurevich Yu. E., Libova L. E., Okin A. A. (1990), Raschetyi ustoychivosti i
protivoavariynoy avtomatiki v energosistemah, Energoizdat, M.

Kundur P. (1994) Power system stability and control, McGraw-hill, NY
Mackenroth U. (2004) Robust Control Systems, Springer, Berlin

Pal B., Chaudhuri B. (2005), Control in Power Systems, Springer, NY

Polyak B. T., Scherbakov P.S. (2002), Robastnaya ustoychivost i upravlenie,
Nauka, M.

Venikov V. A. (1985), Perehodnyie elektromehanicheskie protsessyi v
elektricheskih sistemah, Vyissh. shk., M.

Kumar A. (2016), Power System Stabilizers Design for Multimachine Power
Systems Using Local Measurements, /[EEE Trans. Power Syst., vol. 31, no. 3,
pp. 2163-2171.

Neumann D., Humberto X. de Aratjo (2005), Hybrid differential evolution
method for the mixed H2/Hoo robust control problem under pole assignment, 44th
IEEE Conference on Decision and Control, and the FEuropean Control
Conference, pp. 1319-1324.

Gurrala G. and Sen I. (2010), Power system stabilizers design for interconnected
power systems, IEEE Trans. Power Syst., vol. 25, no. 2, pp.1042—1051.

Marco F. D., Martins N., Ferraz J. C. R. (2013), An automatic method for power
system stabilizers phase compensation design, /EEE Trans. Power Syst., vol. 28,
no. 2, pp. 997-1007.

Martins N., Bossa T. H. S. (2014), A modal stabilizer for the independent damping
control of aggregate generator and intraplant modes in multigenerator power
plants, IEEE Trans. Power Syst., vol. 29, no. 6, pp. 2646-2661.




Automation of Food Processes

Methods and algorithms of food industry enterprises
electrical energy consumption control

Liudmyla Kopylova, Sergii Baliuta, Oleg Mashchenko

National University of Food Technologies, Kyiv, Ukraine

Keywords:

Electrical
Energy
Control
Consumption
Food
Industry

Abstract

Article history:

Received
24.09.2017
Received in revised
form 19.10.2017
Accepted
29.12.2017

Corresponding
author:

Oleg Mashchenko
E-mail:
oll973@ukr.net

DOI:
10.24263/2310-
1008-2017-5-2-11

Introduction. The conducted researches of the food industry
enterprise electrical energy consumption control with the aim of
electrical resources efficiency increase by electricity consumption
control methods and algorithms developing.

Materials and methods. The researches are made on the base
of control processes system analysis methods.

Results and discussion. The analysis of the food processing
enterprise (FIE) electrical energy consumption control has allowed
to determine the main stages of the control process: the basic
control functions are electric energy (EE) consumption
registration , forecasting of EE consumption, calculation of EE
consumption norms, consumers — regulators (CRs) list formation;
control functions support conditions — EE consumption
information, restrictions and rates, electricity consumption
forecasting accuracy requirements; organizational and technical
mechanisms of control functions implementation - information
and computing system, electric power dispatcher, process
operator, electrical supervisor; basic information flows which
provide electrical energy consumption control - predicted
temperatures values, EE consumption and production output
current data, decisions settled on EE consumption. Represented
methods and algorithms of FIE electrical energy consumption
management with use of CRs. When creating a FIE EE
consumption management forecasting mathematical model an
artificial neural network in the form of a multilayer perceptron
was used. In order to study the artificial neural network is used the
combined training method based on the back error propagation
method and the Cauchy method. The organizational and technical
FIE EE consumption management requirements are formulated. It
is determined that taking into account the technological process
and the EE consumption process mutual connection for EE
consumption control it is necessary to use a dialogue system.

Conclusion. FIE EE consumption control is realized with the
use of forecasting values received via artificial neural network by
the optimal EE consumers composition forming on the base of the
heuristic algorithm. This allows to ensure the high efficiency and
to take into account damages caused by CRs disabling.
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Glossary

ACSFIE - automated EE consumption control system of food industry enterprise;
EE — electric energy;

FIE — food industry enterprise;

CR - consumer-regulator.

Introduction

The electric energy (EE) consumption reducing problem is relevant for the food
industry, since it allows to increase the generating capacities use efficiency and to reduce
EE consumption during its transmission and the energy intensity of production outputted by
enterprises. For ensuring of rational EE consumption levels by food industry enterprises
(FIE), it is necessary to forecast its consumption and use consumers-regulators (CRs).

The electric energy control issues are devoted a number of works [1-6]. Let us look at
some of them. In the article [1] the software of commercial EE accounting systems and the
technical facilities complex "Energomira" is represented. It is represented by the software
modules set for the commercial EE accounting organization on energy sites. As such
objects can be used energy companies, electricity grid areas, substations and other EE
consumers.

The technical facilities complex "Energomira" software includes:

— automatic dispatcher workplace, which realizes the data processing from the data
collection device and from data collection and transmission device, their representation in
form of charts and tables;

—  report generator for creating various documents forms;

—  data collection and database development programs;

—  technical facilities complex administering programs for the system devices
parameters determining.

The works analysis [1, 2] showed that the software presented in them was created by
various organizations, which did not interact with each other when it was created. This
condition causes significant complications with this software sharing.

The article [3] represents a two-level automated EE consumption accounting system
"E1 — Energy-accounting". The lower system level contains electronic counters "Euro
Alpha" and "Alfa Plus" with digital communication channels, and the upper - modern
computers with automatic dispatcher workplaces. The system is based on the client-server
architecture. It allows to support an arbitrary number of client computers with automatic
dispatcher workplaces. However, at present, this system solves only the EE accounting
problems.

Recently, more and more automated new generation control and accounting EE
systems are used, which are developed on the basis of modern industrial controllers [4].
These systems are aimed at solving the problems of commercial EE accounting and
capacity consumption, as well as technical accounting and monitoring of industrial
enterprises electrical loads in real time mode.

The works analysis [4-6] shows that the systems presented in them are performing
functions of electric capacity and EE control. These systems do not realize the EE
valuation, planning, forecasting and control optimization functions of industrial enterprises,
which allows to obtain the main economic effect.
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The aim of the research consists in the automated synthesis of food industry enterprise
EE consumption control and supply system on the base of the transmission control process
systematic analysis, EE distribution and consumption.

Materials and methods

Research materials

The food industry enterprise electrical energy consumption control process is studied.
Research methods

Researches were conducted in the following order:

— it was made a systematic analysis of the electrical energy consumption process;

— it was developed the FIE electrical energy consumption control algorithm with the use
of consumers-regulators;

— it was developed the mathematical model of electrical energy consumption forecasting
with the use of an artificial neural network;

— it was developed the consumers-regulators choice;

— it is developed the electrical energy consumption automated control system on the
basis of the forecasted values of the enterprise electrical energy consumption using the
decision-making dialogue subsystem.

Results and discussion

The automated EE consumption control system of food industry enterprise (ACSFIE)
is created with the purpose of the electric resources efficiency use increasing and the
production energy intensity reducing due to the EE consumption predicted values use, EE
consumption regulatory values, analysis of arising production situations and the assessment
of production energy efficiency improving measures [8].

The system synthesis is based on the subsystem representation in the form of a
interconnected structures set: decision making support, as well as, functional,
organizational, technical and informational support.

Let us formulate requirements for creatable subsystem:

— efficiency (system construction and operation costs should be lower than the
—  results obtained);

— adaptability (the system should be simple in construction and mastering);

—  scalability (the ability to change the coverage breadth.

The enterprise EE consumption control process will be represented in the form of a

interconnected depictions set:
vb,37,K,.T,): P, =P,
B, eB={b,l=1,...,L};
K, cK={k,l=1..,L};

T, cT={t,,m=1..};

PP, cP={p,.g=1...G}

n> “n+l
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where B means process stages of the EE consumption control: b, is the stage of registration and
verification of the measurement information accuracy; b, is the stage of model choosing and
enterprise EE consumption and production sections forecasting; b, is the stage of rationing and
planning of enterprise and production sections electricity consumption on the base of forecast
values, enterprise electric balance closing; b, is the stage of comparison of actual and planned

enterprise EE consumption and production sections for a certain period and decision making on
the enterprise EE consumption;

%, is the displaying function of the control process at the-stage b, ;

K means realization conditions of all enterprise EE consumption control functions:
k, are normative acts on EE consumption by consumers; k, are terms and conditions of the
contract for FIE EE supply; k; are metrological requirements for EE accounting devices; k, are

requirements for the accuracy of the EE consumption forecast;
T means organizational and technical facilities and structures used for the control

functions realization: ¢, is an information and computing system of electrical supervisor service;
t, is an electric power dispatcher; ¢, is an electrical department; ¢, is electrical supervisor; ¢, are

EE accounting sensors and measuring devices;
P means input and output information streams used in the control process of FIE EE

consumption: p, are average daily environment temperature data; p,are enterprise and
production sections EE consumption data; p, are data on production volumes produced by the
enterprise; p,are enterprise EE consumption limits; p,is a reliable information about the
average environment daily temperature; p, is a reliable information about the enterprise and
production sections EE consumption; p, and p, are forecast and planned values of production

sections EE consumption; p, are decisions made to control the enterprise EE consumption.

Taking into account the introduced symbols, the displaying functions of the FIE EE
consumption control process will take such the form:
for the stage b, - the stage of registration and verification of the measurement information

accuracy used by FIE EE consumption control:
X (ksa tl’tZ’tS) :(pl!pz)_> (pssps) 5
for the stage b,- the stage of model choosing and enterprise EE consumption and
production sections forecasting:
X (kl’k4’tl) :(pB’pS’pG )_> Drs
for the stage b, - the stage of rationing and planning of enterprise and FIE production
sections electricity consumption on the base of their forecast values :
5 (kistists) :(pss pr ) = by
for the stage b, - the stage of comparison of actual and planned enterprise EE consumption
and production sections for a current month; decision making on the enterprise EE
consumption control:

Z4 (klakza t13t23t3st4):(p49p6, p8 )_>p9 *
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Interaction between the control process stages is realized with help of information
flows.

Planned electric energy consumption control

The capacity planning of the FIE consumer used in the FIE is conditioned by the need
to determine the possibility of load regulation in the normal mode in order to minimize the
EE consumption and to identify the EE consumers-regulators in the normal mode (CRsy)
and in the forced mode, which is implemented when restrictions from the direction of the
the EE supplying organization are used (definition of consumers-regulators of EE in the
forced mode (CRsy)) [3].

The classification and determination of the EE consumers-regulators formation criteria
is given in [7]. Enterprise EE consumption by the technological process load regulation of
consumers with the help of this process moving into energy systems minimal loads zones is
proposed in work [8].

The transfer of EE consumers to the consumers-regulators mode is realized in
accordance with the formalized target functions and restrictions that correspond to them, as
well as taking into account the CRs CRs'; type and work mode (see Table 1).

Table 1

Target function Target function CRs type Work

restrictions mode

_ _ ! N 1

W, =0 E, .=0y=0 CR,, orma
E = Enorm.’y = 0 CRI{/I

_ _ i 1

W, =W =0 E i =0,y=0 CRy Norma
E 2 Enorm.’y = 0 CRIIVV

y - mjn WL < VVallwb.’E > Enorm. CR]I\/] Forced

In this table: W, means CRs electricity consumption peak load; W, means allowable CRs EE
consumption in peak load; E, ., means additional expenses for the off-peak work mode creation; y
means the damage of the enterprise from the CRs off-peak work mode organization; E and E,,,,.
mean calculated and normative efficiency coefficients.

Algorithm of food industry enterprise electric energy consumption

The satisfaction of the electric energy system EE consumption volumes

requirements and ensuring of the normative FIE EE consumption level with a minimal
expenses for FIE is achieved by changing the work mode of the CRs energy consuming
equipment (shutdown or transfer to a reduced work mode). The following algorithm of
industry enterprise EE consumption control is proposed (Fig. 1).
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Figure 1. Algorithm of FIE EE consumption control with use of CRs

A means of EE consumption data analysis; A, is EE consumption restrictions analysis;
B, is of the share determination of each consumer in the total EE consumption; B, is
consumers-regulators identification; B; is the EE consumption restriction setting; P; is EE
consumption and EE consumption norms forecast; P, means comparison of fines and
damages amount comparison; P; is damages results calculation; P4 is energy inspections
conducting; C; is damages database creation; Ps means electrical receivers selection and
damages estimation in case of their disabling; Pg is energy system fines calculation;T;
means technological restrictions; LP is enterprise level; LZ is section level.

In the normal work mode after fixed time intervals A¢ from the initiative of
information and computing system of the EE consumption control subsystem upper level is
conducting the counters survey of automated EE consumption and calculation system,
determination and calculation of actual current EE consumption by lower level elements of
the EE consumption mode control system. Decisions are made depending on the forecasted

value of EE consumption W, eW.

The set of possible ¥ values of EE consumption is divided into a range of disjoint
subsets:

M, = {W/ww 2 WLU}; M, = {WLL < W < WLU }; My = {WLL 2 qurz'a}’

where W/, W mean lower and upper EE consumption restriction.

Each of the selected subsets corresponds the set of controlling influences. As a EE
consumption amount restriction, the FIE stated maximal EE consumption for this month
w* or the more stringent restrictions placed by energy system in the case of the scarce

fuels absence, emergency situations, and so on.
The hit of a controlled parameter Wy, in each of the selected subsets M;, M,, M; leads
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to the corresponding control influence formation.

As it follows from the given above procedure, the EE consumption mode control is
leaded to:

—  problems solving of EE consumption forecast and optimal CRs composition choosing
(the upper level of the EE consumption mode control subsystem);

—  problem solving of selected objects within a given frames during the accounting period
EE consumption support (lower level of the of the EE consumption mode control
subsystem).

As already was noted, the EE consumption forecast should be realized at the upper
level of the of the of the EE consumption mode control subsystem with the view of possible
fines determination from the energy systems and the EE consumption normalized values
comparison.

The FIE EE consumption control is realized with use of EE consumption forecast
values for specified times moments with the view of energy-efficient EE consumption
modes providing and the energy system requirements fulfill on account of EE consumption
restriction during maximal load periods. For control functions realization are used: the EE
consumption forecasting model of, EE consumption control decisions making algorithms,
the CRS optimal list formation and rational EE consumption modes formation.

Mathematical model of the food industry enterprise EE consumption forecasting
on the base of artificial neural network

The base for any forecasts constructing, including the EE consumption forecast, is a
mathematical forecast model.
The process of the forecast model building includes following steps:
— the forecasting method choice, which determines the forecast model
—  essence;
— input and output model parameters choice;
—  formation, training and verification of the data set accuracy;
—  the forecast model internal structure construction, which determines the
— dependence of the output parameters from the input ones;
— the forecast model verification and the quality estimation of the received forecasts.
As a forecasting method during the forecast model constructing of the FIE EE
consumption, it will be used forecasting on the base of artificial neural networks. This will
increase the adaptability degree of the obtained model, achieve a good generalizing ability
and provide the possibility of complex nonlinear dependencies setting of the output
parameters from the input ones [9].
The output parameter of the forecast model will be used the hourly EE consumption
W,, of the enterprise as a whole.
Let us conduct the parameters analyze that affect the FIE EE consumption at various
levels of its energy supply system.
FIE energy supply work mode is characterized by the following parameters:
- active, reactive capacity and EE consumption of electrical receiver that are used for
balance compilation;
- voltage in the FIE electric network nodes;
- currents in EE transmission lines;
- wastes in EE transmission lines;
- EE quality Indicators.
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The main, basic parameters of FIE energy supply system work mode are the capacity
consumption and EE. Depending on the capacity consumption, in the nodes of the system
will change the voltage, and in the lines - currents. The FIE EE amount consists of the EE
consumption w, of all N of all electrical receivers working at current time and EE wastes

AW in the network elements:

N
W= w+AW
i=1
EE wastes, in their turn, in the energy supply systems main elements: lines and
transformers, will depend on the electrotechnical parameters of these elements themselves
(their active and reactive resistances) and the energy transmitted with their help:

AW = f(W,,W,,R,X)

In the energy supply work process, the resistances of its elements can be considered
almost unchanged. Thus, a change of the current capacity waste in the enterprise network
will occur due to changes in the total capacity of the electrical during their switching on,
switching off or work mode change.

The EE consumption w, of each electrical receiver or group of ones, in their turn, can

be written as follows:
w, =f(21, Aseees /ln)
where A, 4,,..., A, are parameters, which influence on EE consumption.

The number of electrical receivers (primarily asynchronous and synchronous motors)
at an enterprise can reach hundreds and thousands. For each electrical receiver, parameters
that influence its EE consumption can be different.

It is not possible to construct FIE EE consumption forecast models that takes into
account the parameters, which influence the EE consumption of each electric receiver
because of the large number of interconnected input parameters in such a model. The most
optimal is the electrical receivers combination in groups by any features (technological,
electrical), with subsequent parameters identification that influence the EE consumption of
each group. In their turn, the electrical receivers influential parameters totality of each
group will be an input parameters set for the forecast model of the enterprise EE
consumption as a whole.

In the general case, all electrical receivers, according to their purpose, can be divided
into two groups:

- the main ones, which involve in the main production process of the enterprise. These
electric receivers include electrotechnological devices (electrothermal and welding
apparatuses, electrolysis baths), compressors, pumps and centrifuges drive, conveyors and
other transport vehicles drive, metalcutting, woodworking and other machines, etc.

- auxiliary — that means such, which do not participate in the main enterprise
production process. These include electric receivers, which are involved in the enterprise
creation and support microclimate (ventilation and air-conditioning devices, air heaters),
lighting devices and electrical receivers work on the enterprise sanitary and technical needs
(pumps for cold and hot water supply, sewage, waste, etc.).

In their turn, electrical receivers of the main group can be grouped according to one or
another area, section, production line.

274 —— Ukrainian Journal of Food Science. 2017. Volume 5. Issue 2



Automation of Food Processes

Choice of structure, input parameters and methods of an artificial neural network
training

In this work for the FIE EE consumption forecasting from the artificial neural network
architectures set was chosen multi-layered perceptron, first proposed by Frank Rosenblatt
(1957), and later generalized by David Rumelhart (1986) [9].

This choice is caused by the possibility of complex nonlinear extrapolation problems
solving in spite of the relative simplicity of the perceptron.

Perceptron configuration selection

As the input and output perceptron layers dimensions determining were based the
following considerations:

—  the input layer contains the number of elements (neurons) that corresponds to the
retrospective data total number , which include daily EE consumption and average
daily temperature for the working year days, that is previous to that for which is made
the forecast, as well as the volumes change coefficient of enterprise manufactured
production for the previous year;

—  the output layer contains elements (neurons) that determine the predicted values of EE
consumption.

The change coefficient of volumes outputted by the enterprise production is calculated
on the basis of the proportion

K forci = 4
: ()

1+1
where @, means the production volume outputted in I year.

The choice of the intermediate (hidden) layers number and elements in them was
conducted experimentally in such a way that for the various input and output data sets the
minimum forecast error was reached.

It is determined that for EE consumption forecasting it is expedient to use one hidden
layer with the number of elements equal to the half-sum of the input and output layers
elements of the perceptron

n, =[(nx +ny)/2]
where 1, means number of elements in the hidden layer, and 7, and n mean number of
elements in input and output perceptron layers.

The set of perceptron weight coefficients is represented by a synoptic map W, the
weight of the relationship between each neuron of the neighboring layers is indicated
aswj,w,, where i, jmean ordinal numbers of the neurons in the initial and final layers.
Input values of daily EE consumption and average environment daily temperature for the
last year are initialized as W,,...,W, and T,,...,T, correspondingly, as well as the output
signals of the artificial neural network, the corresponding predicted values of EE
consumption are indicated as Y;,...,Y, .

The EE consumption accuracy forecasting of industrial enterprises depends to a great

extent on the retrospective sample volume, which is used for perceptron training. The
conducted studies have shown that for the required forecasting accuracy the retrospective
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sample volume of enterprise EE consumption and meteorological data for a period of four
years is sufficient.
A retrospective sample of the FIE EE consumption values includes a sequence of

training images pairs L" (K", Y,") :

- K" = [Wl-f s WL T LT J is input data vector, which are applied to the perceptron
input (input signals);

- Y," is vector of desired predictive values for L",m=1,2,...,N (N is training data

sets number).

When constructing the input vector [ of the retrospective sample, all daily EE
consumption values, daily average temperature and illumination for each working day
preceding the forecasted year are taken into account.

At perceptron output, the predicted value W' for I input signals vector determines the
predicted values of the enterprise EE consumption for the next year.

In connection with the conditions change of enterprise EE consumption, parameters of
the forecasting model require an adaptation, which is realized at the end of the year and is
accompanied by the perceptron re-training procedure, taking into account new retrospective
data.

Using of unnormalized input data can cause the "saturation effect”" on conditions which
the element (neuron) of the perceptron is sensitive to the input values that are situated in the
restricted area, that leads to its inadequate work. For the input data normalization is used
the following formula

1 = (P mm ) / ( max mm)
where P and P__are minimal and maximal value of input data in this sample, as well as

min max

P and P are nonnormalized and normalized values that are applied to m perceptron
entrance.

The perceptron behavior, in addition to the values of weight coefficients, also
significantly depends on the type of activation function, transforming the input signal of the
neuron into the output one.

As activation is selected the sigmoidal function

fwy=1/(1+e"),
where a is an neuron parameter.

The sigmoidal activation function choice is caused by such fact that this function has
continuous derivatives that are required for the back error propagation algorithm and that
amplifies the weak signals to a greater extent than the strengths ones, what is important by
high forecast accuracy.

For the adequate work of an artificial neural network is important its training
algorithm, from which largely depends the network ability to solve given tasks.

The perceptron quality assessment 1s realized by the ratiq:

/ J
&= Zs ”p -Y |
where ¢ is training error, as well ad N and Y7 are values of forecasted and actual
perceptron exits.

The training process is completed if the error ¢ for the whole set of input signals does

not go beyond the set value ¢ > 0 or reaches a predetermined training iterations number.
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The perceptron training is realized by one of the fastest algorithms - an algorithm of
back error propagation, which bases on the gradient descent method.
For adjusting of weight coefficients was used the expression
AW =—Log [ ow,,,
where w,, is the synaptic connection weight coefficients between [ neuron of k —1layer

and mneuron of k layer; { is rate training coefficient.

Despite such fact that the back error propagation method is widely used by the artificial
neural network training, it has a significant disadvantage - it cope poorly with local minima
[10], what can lead to their work deterioration. For exit from local minima is used a
statistical training method - the Cauchy machine [9], by use of which a random change of
the artificial neural network weight coefficients is conducted. However, this method is not
effective because of slow convergence, since many steps of its realization are performed in
the wrong direction.

The combination of the above examined method (algorithm) of the back error
propagation with the Cauchy method (algorithm) allowed to obtain a combined training
algorithm, which quickly finds the global training error minimum.

The trained perceptron allows not only to distinguish input data from the training
sample, but also it is able to interpret the trends change in the forecasted process.

The FIE EE consumption mode control system on the base of the predicted values of
electricity consumption is two-level:

— upper level (level of the main stepdown substation or input to the enterprise);
—  lower level (EE consumer level).

For a compact description of this structure, the 1st level elements set will correspond
certain numbers set of a natural sequence, which we shall call a 1st level indices set
L ={1,2,...,i,...,m} . It characterizes the presence of the upper level elements number

(for example, substations), which are parts of contractual relations with the energy supply
organization.

The 2nd level elements set will correspond the certain natural sequence number set,
which we call a 2nd level indices set L, ={1,2,...,4,...,n } . Elements of this level relate
only to certain elements of the upper level. For example, to the concrete substation concern
only those consumers, who receive energy supply from this substation.

The EE consumption mode control system state at each of the fixed time moments
t=kAt, k=0,...,K (Atis the interval of input information into a computer complex) can

be characterized by a set of parameters

X=W,,...W, AW,z ...z kll,...,kmnn),xeX,

s
m,n m,n?

where X is space of possible energy supply system states; W. is consume ofi CR of

)
jlevel; AW is the load excess value set by the energy system restriction; y is the CR
specific damage estimation from changes in its work mode (damage per time unit), what
includes fee for funds and depreciation deductions for equipment, which is disconnected,
costs for capacity payment and damages from the technological process violation [8]; k; is
Boolean function equal to 1, if the influence on the i CR of j level is exerted, and 0 is in

other case.
Realization of control effects, which are implemented on the parameters set, is aimed
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at the minima achieving:
— damages from changes in the CR work mode and deviations from the EE consumption
normative values;
— fines from energy systems, in case of over contract EE consumption;
—  fines from energy systems, in case of underrated EE consumption compared with the
contractual EE consumption amount.
FIE EE consumption control is conducted by optimal consumers composition forming.
In systematic EE consumption reduction can not participate CRs, disconnection of
which is unacceptable for safety reasons, catastrophic consequences or can lead to
significant damages and equipment failure as a result of changes in technological
production processes. All other consumers can be used for regulation.
When choosing of CR, is made their quality assessment for EE consumption regulation
according to the vector criterion

F(x) =[F(x)FE®)],
defined in the states system space X with the components

n Mj n Mj

F0)=£%pk, F(x)=£3k,
where y, means the damage from use for the regulation of i CR at the jlevel energy
supply system; £, is Boolean variable, which takes the value: - 1, if i CR of the j level is
used for load regulation and 0 is used in other case; n is the consumers number allocated
for regulation at the j level.
CRs composition optimization is conducted in the region

n_ M

>3 Bk > ap

j=1 i=1
CR composition forming for active load regulation is realized on the base of problem
solving of integer programming with Boolean variables with use of the heuristic algorithm.
The consumers choice for the load regulation is realized from the very top level, which
contains at least one consumer with a load that is less than that, which is stepped down.
Optimization at j level was realized according to the criterion

2 (v /W Y, — min,
i=1

where W, is EE consumption of i consumer of j level of energy supply system.

As the task restriction is used the load amount restriction, that is stepped down at this
level.

D Pkt = AW.
i=l1
We use the heuristic algorithm of CR selection, according to which consumers-
regulators of j level of the electrical network are arranged in order of the ratio increasing
¥, ! B, . The target function minimization is realized by CR successive selection, from the

received series, till load restriction violation. After task completing at the j level, the last

consumer from the selected ones is rejected. At the same time, load restriction is violated.
The load value reduces by the total capacity amount AP, which will remain in the CR list
and the list formation at the j+1 level. If the further descent by levels is not possible, then
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the last of the rejected CRs is included in the list, and the algorithm work ends.
The CR choice at the enterprise network level is also conducted with help of the
heuristic algorithm [8]. At the same time, for the network ; level, for which the problem is

solved, are given the following data: the electrical equipment units number at this level and
the load reducing value AP. Prior also are calculated damages y, and are determined the

current CR electrical loads - B,

This algorithm allows to get the set task solution by relatively simple mathematical
methods. He realized the CR choice at network individual levels with the help of an
approximate method. By insignificant costs for realization, it is characterized by certain
wastes of accuracy load, which is switched off.

Automated EE consumption control system construction on the base of predicted
values of the enterprise EE consumption

ACSFIE is a interacting units set - forecasting, regulation and EE consumption
planning, the optimal consumers composition forming and the decision-making dialogue
subsystem of the enterprise EE consumption control (Figure 2).

X—‘» 1 R 2 1 LL 3 W
[p—
. |z

Figure 2. FIE automated EE consumption control system structure

X means input data; 1 is EE consumption forecasting unit; 2 is EE consumption
expenses normalization and planning unit; 3 is forming unit of the optimal EE consumers
composition; 4 is the dialogue support and decision-making subsystem; Z - control actions.

Let us consider the features and appointment of individual functional units
Forecasting unit. On the basis of coming data from the databases for the EE expenses
control, with the help of a three-layered perceptron, the EE consumption forecasting of the
enterprise production units and the enterprise as a whole is realized. The predicted EE
consumption values by data of these objects come to the EE consumption normalization
and planning unit.

EE consumption regulation and planning unit. On the base of the obtained predicted
values are determined the total expense norm and total planned EE expenses for production
sections, as well as the expense norm and planned EE expense for the enterprise as a whole.

The obtained data are contained in the EE expense control databases. It also contains
calculated on their base total planned EE expenses for non-production enterprise subunits.

The ACSFIE presence allows automatic and promptly compilation of annual, quarterly
and monthly electrical balances of the enterprise and of the most energy-intensive
installations and production subunits (sections).
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On these balances base is performed an analysis of the EE consumption, are identified
economy directions, opportunities for unproductive EE expenses and wastes reducing of EE
and are taken measures for its consumption improving.

Optimal EE consumers composition forming unit

On the base of the information coming from the EE expenses control databases, as well
as the requirements of the energy system, is formed the CRs list, which will ensure the
energy system requirements compliance relative to the EE consumption. The CRs list and
EE consumption volumes are transmitted in the decision-making support subsystem.

EE consumption decision-making control support subsystem

From the databases of EE expense control are received data of the actual and planned
EE consumption of production subunits and the enterprise as a whole, as well as the
optimal EE consumers composition.

With help of the decision-making control support subsystem is realized a comparison
of the actual and planned EE consumption values of the enterprise and production subunits,
the results of which are proposed solutions for the EE consumption control of an industrial
enterprise, which will ensure the use of the energy system requirements.

Appropriate decision variants (control influences), which represent the organizational
and technical measures set aimed at the EE consumption plans correcting of the enterprise
and production subunits during the period, that remains till the end of the year, are
transmitted to the person, who is makes decisions and forms the final control influences.

At the end of the calendar year, is conducted the reasons analysis for EE consumption
plans exceeding of production subunits and are taken measures for their prevention.

The general scheme of the decision-making process with use of the decision-making
support dialogue subsystem is presented in Figure 3

Figure 3. General scheme of the decision-making process of FIE EE consumption control with
use of the dialogue subsystem

N; means normative data for decision-making: energy system requirements for the EE
consumption volumes; duration of the production program; optimal EE consumption
norms; financial expenditures on EE for the production program realization; N, is non-
formalized criteria that take into account the specifics of a particular production and the
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current situation in the internal and external environment; O is the person, who makes
decision; D is the decision-making support dialogue subsystem of FIE EE consumption
control; B; means the EE consumption database; B, is the EE consumption automatic
information collection unit; B; is the interaction unit; B4 is EE consumption forecasting and
normalization unit; Bs is the optimal EE consumers composition unit; A means the analysis
of the production program variants and CRs; P is accepted CRs list and the production
program variant.

Organizational and technical support of enterprises EE consumption control.

For the ACSFIE building are used modern information technology. The methods
analysis of the automated control systems constructing has shown that it is expedient to
realize the FIE EE consumption control on the platform of the general operating system,
rather than the real-time operating system, since ACSFIE includes many "background"
tasks, which are rigidly unrelated with the time of the solution: electric balance calculation
tasks, normalization and planning of enterpises EE consumption and others.

Functions related with the information collection and its initial processing, are realized,
as a rule, with help of programmable logic controllers. They are programmatically
compatible with the MS Windows platform and are hosted on control points. Information
from them is entered into personal computer.

Conclusion

The system analysis of the FIE EE consumption control process on the base of control
process decomposition, allowed to determine the main control process stages; control
functions conditions ensuring; organizational and technical mechanisms of the control
functions realization; basic information flows, which provide EE consumption control.

When creating a mathematical forecasting model of the FIE EE consumption it is
advisable to use a multilayer perceptron, which trains on the base of the back error
propagation method and the Cauchy method. The FIE EE consumption volumes can be
changed by forming of optimal consumers composition based on the heuristic algorithm
with the use of the decision-making support dialogue subsystem.

The EE consumption control of food industry enterprises should be based on the EE
consumption forecasting with help of the multilayer perceptron. Optimal EE consumption
volumes can be achieved by forming of the consumers-regulators optimal composition on
the basis of the heuristic algorithm with the use of the decision-making support dialogue
subsystem.
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Introduction. The research of linear dynamic systems of
regulation of the process of biological purification of contaminated
water with fractional regulators was conducted in order to determine
the boundaries of D- domains of their global stability and to determine
the space of the parameters of the adjustment of the fractional
controller for fixed orders of the diereintegrators in its composition.

Materials and methods. Studies were conducted on the stability
of the automatic control of the water treatment process. Using the D-
split method, we obtain analytical formulas that determine the limits of
the region of stable stabilization of the "object" + "fractional-
regulator" system.

Result and discussion. Automatic control systems of fractional
order are more precisely described by dynamic equations, in which the
order of derivatives can be any number, valid and not only integer.
Proportional-integral-differential (P/D-) regulators that are widely
used in practice of automation also fall under a fractional
generalization, if in their structure, instead of ordinary integer
derivatives and integrals, fractional analogues are used. The

controllers of the fractional order denote how PI*D*, where
A and y are the orders of integration and differentiation of the error

signal, with orders A and x may have valid non-integer (fractional)

values.

On the basis of the D-split method, analytical formulas are
described that describe the boundaries of global stability of linear
dynamic systems of fractional order. Domains of stability are built in
the space of parameters of the configuration of fractional domains

PI*D* -regulators for fixed orders of dipintegrators. An appropriate
algorithmic software is developed that implements the proposed
method for selecting the domain of stability. Some results of
computational experiments are given, an estimation of fractional
PI" D" - regulator efficiency is given.

Conclusions. On the basis of the D-split method, analytical
expressions were obtained, which describe the boundaries of the
global region of stability of linear dynamic systems of fractional order

of type "input-output" with fractional PI*D* -regulators.
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Introduction

From the beginning of the development of the theory of integro-differential calculus of
fractional order [1], its first applications in control problems appeared only about 50 years
ago [2]. It has been shown that fractional calculus becomes an effective tool for describing
numerous dynamic systems. The classical results of the PID control theory have spread to

the fractional order controllers, which denote how PI*D*, where A and u are the orders
of integration and differentiation of the error signal, with orders A and u may have valid
non-integer (fractional) values [3,4].

Materials and methods

Studies were conducted on the stability of the automatic control of the water treatment
process. Analytical studies are based on Laplace's transformation with respect to the
operator of a dipintegrator, which generalizes the functions of differentiation and
integration, on the use of the structural theory of closed systems and on the target
mathematical transformations of the transfer functions of the object-regulator system.

On the basis of the D-split method, analytical formulas are described that describe the
boundaries of global stability of linear dynamic systems of fractional order.

Domains of stability are built in the space of parameters of the configuration of
fractional domains PI” D" -regulators for fixed orders of dipintegrators.

An appropriate algorithmic software is developed that implements the proposed
method for selecting the domain of stability.

Analytical studies and computational experiment in the MATLAB environment have
been conducted. Using the D-split method, we obtain analytical formulas that determine the
limits of the region of stable stabilization of the "object" + "fractional-regulator" system.

Result and discussion

The well-known problem of the allocation of the global region of stability (D-split
method) required the distribution of fractional dynamic systems in the space of the

A
parameters of the adjustment PI"D" -regulator, depending on the value of the orders of

powers 4 and M .
The purpose of the article is to study the possibility of applying the D-split method to
automatic control systems for process control with fractional controllers.

A fundamental operator , D] is often referred to as a differintegrator.

d’/dt’, y>0,
D! =41, y =0, (1)

a 't
[[@oy7. y<o.

where y — fractional order, a —constant associated with the initial conditions.
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More fundamental is the definition of Grunwald-Letnikov for the order y according to
which

. 1 eaym (y
— i — _1V/ )
DS O=limez 5 D [J}/(r . 2)
r 1
where {yj =— 1) - , ['(x) — gamma Euler's function, % >0 — gain of the
J) TG+DI(y=j+1D)

time coordinate, f(x) — the function to which the operator of the differential integration is
used, [-]— means an integer part of the number. This definition shows that integer
derivatives require the use of finite series, and fractional derivatives — an infinite number of
members of a series.

It can be proved [5] that the Laplace transform, which is the basis of the definition of
the concept of a transfer function, for the differintegrator has the form

« n-l1

L{, D f(O)) = [, D] f(Oydt =" F(s)- 35" (1Y, D " f(0) ., )
0 =0
where F(s)= L{ f (t)} — ordinary Laplace transform function f(x), n — an integer that
satisfies the condition n—1<y <n. Note that if ODZ’-""f(t)L:0 =0, j=0,1,2,...,n—-1,
then from (3) it follows that L{ODZ f (t)} =s"F(s). Systems with fractional orders have

transfer functions of arbitrary real order.
Consider the transfer function of fractional order, which is given by the following
expression

n
b»Sﬁi
8P L bysT 4 bysP ; '

=L , “4)

@, @y L %o
D(s) a,s™ +a, s“" +.+as" +a,s Za.sa"
1
i=0

i

By
G(s) = N(s) _ b,s™ +b

where a,, b, B,>B,,>.>8>6,20, a,>a
numbers.

In the time domain, the transfer function corresponds to an inhomogeneous differential
equation of the fractional order of the form

>..>a, >o, 20 — arbitrary valid

n-1

D> aD*y(t)=Y b D u(1), (5)
i=0 i=0

where y(f) —exit, and u(¢) — input of the control object, , D — differintegrator.

In the general structure of the closed control system of fractional order with one input
and one output is presented y(f) — output, r(f) — input request signal, e(t) — error
(mismatch), u(¢#) — control signal, G(s) — transfer function of the control object, C(s) —
transfer function of the fractional order controller.
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Transmission function of the fractional PI*D* _controller has the form

C(s)=k, +hst +k st (6)
where 1 u u — fractional orders whose values belong to the region (0,2), k,, &, k,

— adjusting parameters of the regulator.
In the time domain, the transfer function (6) corresponds to the type control

u(t)=k,-e(t)+k, -(,D;"e(t))+k, (,Dle(t)). (7)

where — D] differintegrator.

The task is to find the area of stability with allowable values of the settings &,,k;, k,
fractional PI*D* - controller, which stabilize the control object. This is important when
designing PI"D* - controllers, and then in the future and to find optimal regulators on the

found parametric area of stabilization by the chosen criterion.
Transmission function of the system "object + regulator” in Fig. 1 has the form

C(s)G(s) _ O(s)

W(s)= s 8
O = cwaw Py ®
where
O(s) = Y [k,bys™ " +hibys” +k,bys™ ], ©)
Jj=0
P(s)=Y [ a;s™ +h,b,s™ +kb,s" +lebs™ " ] (10)
j=0

The area of stable stabilization, which we denote through S, in the space of
parameters is subject to belonging to the left half-plane of the complex s - plane all real
parts of the roots of the characteristic quasipolynomial P(s), which for convenience will
be presented in the form

P(s)= ijsq" =p,s" +p, s +.+ pst 4 pys”, (11)
=0

where ¢, — ordered fractional orders of powers, and moreover ¢, >¢, , >..>gq,,

n—1
p,; — coefficients determined by the factors of the transfer function of the control object
and the parameters of the settings k,, k,, k, fractional P/ *D* -regulator.

To select the region of stable system stabilization (control object with the controller)
we use the D-split method, the parameters space [6].

Recall that according to this method, the boundary between the areas of stability and
instability in the space of the configuration parameters is three parts: I'=T +T, +T_ .

Constituent I'j is determined from the condition of intersection of the real root of the
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characteristic equation of the imaginary axis s - plane with s = 0. That is, the component
I', is found by way of substitutions =0 in the equation P(s) =0, where P(s) which is

determined by the equation (11). It follows that I"; can be determined from the condition
p, =0, if the value of the smallest order g, equals 0, i.e. with s* =1.If ¢, #0, i.e.
s #1, then the boundaries I'; does not exist.

Constituent I', is determined from the condition of intersection of a pair of complex
conjugate roots of the imaginary axis at s = jo , where j = J-1 - imaginary unit. So, in

this case, quasipoline (11) becomes an unstable and valid and imaginary part of the
equation P(jw) =0 begin to equal zero at the same time.

Constituent I' is determined by intersection of the real roots of the quasi-polynomial
(11) imaginary axis at s =co and can be determined from the condition p, =0 .

Applying these preconditions to the investigated system "object + regulator”" and
analyzing the characteristic quasipolin (10), we come to the conclusion that the components
I', and I' | the boundaries of the stability zone are straight lines:

. k=0, at sh =1,
I', —line:
. B
not exist, at s #1,

kdzoa at(a;7=ﬂn)a60 (an>[)’ni:u>an_ﬂn)’
', —line: <k, =—a,/b,, at(a,>p, iu=0a,-p,),
not exist, at(a,>p, iu<a,—p,).

To build a component I', substitute s = jo into the equation P(s)=0, where P(s)
— quasipolin (10). Then we will get

P(jow) = g[aj (o) +k b (jo) " + kb, (jo) +kb, (jo) " ] T 12
=Re{P(jo)} + j-Im{P(jo)} =0,

where Re{P(jw)} and Im{P(jw)} mean respectively the actual and imaginary parts of
the quasipolin P(jo) .

For further transformation of the expression (12) we recall that this is not an integer
degree of complex number can be calculated by the formula Muavr-Laplace

(o+jw) = (02 +a)2)y/2 [cos(ygo)+jsin(7/go)] , (13)

where ¢ = arctan(a)/ 0), o —real part, ® — imaginary part and y — fractional order
of a complex number.
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Expression j7 , which is present in the equation (12), can be presented according to the

formula (13), so
T T
" =cos| —y |+ jsin| —y |. 14
J (2@ J (2@ (14)

Further, equating to zero the real and imaginary part of the equation (12), taking
into account the formula (14), we will get

{Re{P( jo)y =k,R,,(@)+ kR, (0)+k,R,(0)+H (0)=0, s)

Im{P(jw)} = k,R,, (@) +kR, (0)+k,R,, () + H,(w) =0,

where

R, (@)= ib]‘whﬁj COS(%(A * ﬂf)j’ R, (0) = ibz‘wﬁj COS(%[;/}’

Jj=0 Jj=0

R, (0)= ijw/1+u+ﬁf Cos(%(l +u+ ﬂj )) , H(w)= Zaja)haf COS(%(A +a, )j ,
Jj=0

J=0

n B . T n o T
R, (0)=Y b0 " sin (5(/1 + ﬂj)j ., R, (@)=)b,0"sin (5 ﬂjj ,
Jj=0 j=0

R, (®)= ijwﬂ+,u+ﬁf sin (%(l +u+ ﬂ])j , H,(o)= Zaja)haf sin (%(l i af)j )

Jj=0 Jj=0

The system of linear equations (15) contains more unknowns (&, k; , k, ), than the

number of equations, one of the parameters of the system can be arbitrarily chosen for its
unambiguous solution. If as a parameter, choose a coefficient &,, then the system (15)

becomes a system of linear algebraic equations of the second order with respect to
unknowns k, and k,, the solution of which has the form

LA A

AT M) (16)
A(®©) = R, (0)H,(0) - R, (@) H, () +k, (R, ()R, () - R , (@) R, (@),
A, (@) = Ry, (0)H,(0) - R (0)H, () +k, (R, (0)R, (0) - R (0)R, (), (17)
A(w) = R,(@)R,,(0)— R, (®)R,;(®) = »** sin (% (A+ u)J(Rf,- (o) +R;, (w)) .
Note that for fractional PI* - regulator (k, =0 ) system (15) has a single solution
k =A1’_(a))’ kiziw)’ (18)
A w) A(w)
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A, (0)=H,(0)R, (0)-H (0)R)(0), A(»)=H(®)R,,(0)-H,(0)R (o),

A(@) = R, (©)R, (@)~ R, (@)R,, (@) = ~" sin (%AJ(RS- (@+R(@). (19

We now apply these results to highlight the stability of the biological control system
for contaminated water by active sludge with fractional PI*D* - regulator. By the
assumption that the kinetics of the growth process of biomass is described by the Mono
equation [7], in work [8] the linearized model of the bioelectric system "aerotank +
sedimentation tank" was obtained in the form of a model with one input and one output.

dx(t)

= Ax(t)+bu(t), y(t)=x,(t)=c"x(1), (20)

where x(¢) =(xl (t),xz(t),x3(t))r — state vector in which x,(¢),x,(f) — respectively, the
concentration of biomass and substrate in aerotanks, x;(f) — the concentration of
recirculating biomass from the settling tank to the aerosol bioreactor, u(¢) — single-speed

control function-speed of dilution (analogue of volume flow rate), y(f) — the observed

output of the system is the concentration of the substrate.
System matrix 4 and vectors b and ¢ are defined as follows

where

X,
al,l = Hiax k P —(1+r)u s al,z _:“maxks k 2 0 al,} =ru.,
X (k, +x3)
:umax x; :umaxks xl* *
a,, =— o Gy =~ *2—(1+r)u 5 a2’3=0,
Y k +x; Y (k +x))

ay, =(1+ru’, a,,=0, a,=—(B+ru",

b=—1+rx +r;, by=—(1+r)x,+s,, b=—(f+r)x +{1+r)x .

It is marked here: 4" — nominal control given, x* = (x/,x;,x;)" — the corresponding
equilibrium state vector calculated for it; x , — maximum specific growth rate of biomass;
k, — saturation constant, determined experimentally; s, — concentration of the substrate in

in

the inlet stream; Y — the factor of output (profitability) of biomass; r, 8 — coefficients that
determine respectively the ratio of the recirculation flow and biomass waste stream to the
input stream.

Numerical simulation of a controlled biocleaning system was carried out at the
following output data: s, =200 [mg /i, Y =065, u.. =0.15 [h], k, =100 [mg /1l
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r=06, =02, u" =0.05 [h”], t, =0, T =1 [4], vector of the initial state of the system
(20) relied on equal x° = (x],x),x})" =(286, 17, 568)" (g /11

Note that the vector of the equilibrium state of the system (20) with this data was
calculated as the solution of the corresponding system of nonlinear equations of the third
order and equaled x" = (x,x;,x;)" = (285, 15.38, 570)" .

In frequency domain model (20) can be presented in the form

Y(s)=G(s)U(s),

where U(s), Y(s) — Laplace transforms according to input and output, G(s) — transfer
function of the control object.

_cladj(sE-A)b _ p,s’+pis+p, o
det(sE - A4) S 4,8 +qs5+q,

G(s)=c"(sE-A)"'b

Here through adj(sE — A4) the matrix attached to the matrix is indicated sE — A4 , and

the coefficients p,,q, polynomial numerator and denominator are calculated by the
formulas

pO = b2a11a33 _bla21a33 _b2a13a31 s qO = a12a21a33 + a13a31a22 _alla22a33 s

b= bla21 _bzan _bzass s 4 =4 Ay a4y A53 Ay 055 — Q305 — Ay, (22)
P =b2a G, = =0 — Ay — s .

If control u(t) in the time domain construct in a fractional class PI*D* - regulators of
the form (6)

u(t) ==k, - YO+ k(D y(©) + k(4 DL YD) ). (23)

then the transfer function of the "biocleaning" + "regulator" system will be determined by
the expression W (s)=Q(s)/P(s), where Q(s)=C(s)G(s), P(s)=1+C(s)G(s), C(s) —
transfer function of the fractional controller, determined by the formula (6), G(s) — transfer
function of the control object, calculated by the formulas (21), (22).

To determine the range of valid values for the configuration parameters k,,k,,k,

fractional PI*D* - regulator, which stabilizes the work of the bio-treatment system, uses
the calculated formulas (16), (17) i (18), (19), that describe the boundaries of the stability
regions of the system with a fractional controller. Computational experiments were carried
out in the MATLAB mathematical system environment. Below are some results from
computational experiments.
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In figure 1 in the parameter space Z = {kp,kl.} the global region of stability (shaded

area) of a bio-waste fractional system is presented PI” - regulator at A =1, that is when
using the classic P/ - regulator (I°,, I, —the boundaries of the area of stability).

w?

6000 : . . E
| | | L A=l
4000 f----- e e
‘ =N L '
vb:h- xt
2000 - = . oo o
0 ==__
0.1 008 A 006  -004  -002 0
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i P

Figure 1. Global region of system stability with P/” - regulator at A =1

In figure 2 the areas of stability of the system of bio-purification with fractionation
PI"* -regulator are constructed at different values of the order of the differintegrator.
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Figure 2. Global areas of stability of the biocleaning system with P/ * -regulator at 0 < A <1

—— Ukrainian Journal of Food Science. 2017. Volume 5. Issue 2

201



Automation of Food Processes

80 -
60
e
40
204
1000
-500  -100
kl_ k .
Figure 3. Global areas of stability of the biocleaning system with 3 P/* D" -regulator at
A=0.7, u=0.1

Here, the areas of stability are limited to the bottom of the abscissa, and on the top —
the curve that matches the value of the order of the parameter. From the graphs it can be
seen that with increasing order, the region of stability of the system also increases.

Then studied areas of stability of the system with fractional PI*D* -regulator. In fig. 3
in the parameter space Z = {kp,kl.,k ,1} The system stability zone is depicted with PI*D* -
regulator for fractional orders A =0.7, u=0.1. In this figure, the sections of the stability

region are represented by planes perpendicular to the coordinate axis. The cross sections are
closed shapes whose areas increase as the setting parameter increases.
Similar areas of stability were obtained with other values of fractional orders A and

M.
Conclusions

On the basis of the D-split method, analytical expressions were obtained, which
describe the boundaries of the global region of stability of linear dynamic systems of
fractional order of type "input-output" with fractional PI*D* -regulators. The stability
areas are built on the basis of computational experiments in the space of the parameter
settings for fractional PI*D*- regulators for fixed orders of diereintegrators in the
regulator. An appropriate algorithmic software is developed.
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Introduction. The method of ice cream recipe
modeling is developed, which, unlike traditional ones, is
based on the application of processing expert data and
optimization methods. It allows to significantly expand the
range of tasks. These tasks solutions can bring significant
economic effect.

Materials and methods. To create a database and
knowledge base, a relational database under the control of
Firebird DBMS was used. IBExpert software tool was used
to ease the database structure development. While creating a
user interface, the integrated Microsoft Visual Studio
software development environment is used.

Results and discussion. The hybrid expert system for
modeling ice cream recipes is intended to improve the
existing ones or develop new types of ice cream in a wide
range of changes in the chemical composition by applying
fundamentally new functional and technological ingredients.
The expert system allows, in production conditions, with the
minimum expense of time, to calculate the chemical
composition of the ice cream recipes of guaranteed quality
taking into account the available raw materials. The
knowledge base formed in the expert system will improve
the nutritional structure of the population due to the
exclusion of chemically modified and synthesized food
additives from the recipe ice cream composition and their
replacement on natural, biologically complete ingredients of
domestic production.

Conclusions. Using an expert system in the production
environment will allow you to constantly update and
accumulate knowledge of expert technicians who work in
this field. The constant accumulation of new knowledge
about the ice cream recipe will enable the creation and
expansion of partnership programs with domestic and
foreign enterprises. Using this expert system will reduce the
cost of modeling new ice cream recipes.
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Introduction

Providing the rhythmic production and sales of the final products, maximizing profits
from their activities are the main priorities of any manufacturing.

There are some problems with the formation of complex disperse ice cream systems
and frozen desserts in the low-temperature technologies of the food industry. Such food
systems, in terms of colloidal chemistry, are at the same time foams, emulsions and
suspensions. The continuous dispersion medium is not frozen water, which contains
numerous dispersed particles of different nature — fat balls, air bubbles, ice crystals and
lactose. Consistency defects are most often caused by large ice crystals that are capable of
growing and forming a solid ice frame. A similar consistency defect is the reason of the
formation of a too rigid product structure with tangible ice crystals during its consumption.
Therefore, the first priority for the technologists is the practical solution to the mentioned
problem by optimizing the recipe composition.

The product demand depends on both the price and quality, which are laid at the stage
of its production. Therefore, the product profitability largely depends on its composition,
namely, the cost, quantity and quality index of the individual recipe components. In today's
market conditions, food industry companies in order to reduce the price try to use
alternative, cheaper components instead of those that are listed in the classic recipe. The
reason is that some components have a high price because they are imported from other
countries or their manufacturing or cultivation require certain expenses. However, new
ingredients in food systems can show unpredictable antagonistic effects and give the effect
opposite to the anticipated one. Though, the synergistic manifestation of component
interaction, which gives a high technological effect on the economic feasibility of such
innovation, is possible [1-3].

It's easy to make a recipe if you have the whole range of high quality raw materials and
relatively low cost. But this is an exception rather than a rule. If the raw material is limited
in quantity and not all of it is high-quality, then there is a need to replace one raw material
to another. Sometimes it is very difficult for a technologist to ensure a stable quality of
products, especially if there is little time to find the recipes for the selected product. In fact,
the technologist’s task is to create the recipe in such a way that the final product must have
a minimum cost, but at the same time, meet all the requirements of consumer quality. Such
tasks require, on the one hand, a great experience, but, on the other hand, a whole range of
practical skills and information about the component behavior. The only way out of this
situation is to use the modern information technology to improve the efficiency of the
technological process management in the conditions of actually operating enterprises[4].

Related works

In the modern world literature, many domestic and foreign scientists are concerned
with the use of information technologies and system analysis methods by controlling the
technological processes of the food industry. The problem of supporting technological
processes through the use of information technology is very widely investigated, but taking
into account the complexity of the problem, most contemporary authors tend to use expert
systems.

The literature provides a separate niche of expert systems, but based on the analysis,
authors can argue that there are no expert systems in the world to support the modeling of
ice cream recipes under the conditions of actually operating enterprises. For example, there
is an expert system for the meat industry "FORECASTER", designed to predict new food
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technologies and includes a set of functionally-oriented tasks, combined into the following
structural elements: a database management group and knowledge base; information
analysis group; logical and statistical flow processing group. The study of literary sources
led to the construction of a hybrid expert system to support the design of ice cream recipes

[5].
Materials and methods

The object of study is information technology for supporting the process of modeling
food products recipe.

The subject of study is the expert system for supporting the process of modeling ice
cream recipe.

To achieve the aim, Methods of system analysis, studying and modeling complex
control system, operation analysis, mathematical programming, information modeling of
systems, building expert systems and knowledge bases were used in the paper.

Firebird fully supports SQL-92 Entry Level 1 and implements most of the SQL-99
standard with some very useful additions. It includes the DML / DDL expression, the
syntax of FULL / LEFT / RIGHT [OUTER] JOIN, UNION expression, DISTINCT,
subqueries (IN, EXISTS), built-in functions (AVG, SUM, MIN, MAX, COALESCE,
CASE), integrity constraints (PRIMARY KEY, UNIQUE, FOREIGN KEY), and all
common types of SQL data.

Firebird also implements check constraints at the level of domains and fields, views,
exceptions, roles and right of access management.

Firebird supports many ways to the server access, namely own component kits for C /
C ++, Delphi, classes for ADO, ODBC, JDBC (Jaybird), drivers for Python, PHP, OLE DB
driver, dbExpress, .NET data provider and direct access to use the client server library
(fbclient.dll or GDS32.d11)

IBExpert software version 2017.11.5.1 was used to ease the development of the
database structure[6]. IBExpert is a GUI shell intended for the development and
administration of InterBase and Firebird databases, as well as for the selection and
modification of data stored in databases. IBExpert supports versions Firebird 1.x, 2.x, 3.x,
runs simultaneously with multiple databases and has:

—  separate editors for all database objects with syntax highlighting;

—  powerful SQL editor with the request history and the possibility of their background
execution;

— automatic completion of the SQL code (table names, fields, etc.);

—  debugger of stored procedures and triggers;

— metadata search;

—  complete and partial extraction of data and metadata;

— analyzer of database object dependencies;

—  metadata reports;

— user managers and user privileges;

—  export data to various formats.

IBExpert has many easy-to-use components: a visual editor for all database objects, a
SQL editor and script executor, a debugger for stored procedures and triggers, an area
builder, a tool for importing data from a variety of sources, your own scripting language,
database designer etc. IBExpert is free for Windows users with WIN1251 code page setup.

To create the user interface, the free integrated software development environment for
the Microsoft Visual Studio 2015 Community using the Windows Forms technology

296 —— Ukrainian Journal of Food Science. 2017. Volume 5. Issue 2



Automation of Food Processes

[5,7,10,11,20] is used. The work of Windows Forms applications for the Firebird DBMS is
provided by the NuGet package manager. It implements the package connection:
FirebirdSql.Data.FirebirdClient, Entity Framework, Entity Framework. Firebird.

Results and discussions

The hybrid expert system to model the ice cream recipes is designed to improve or
develop new types of ice cream in a wide range of changes in the chemical composition and
the application of fundamentally new functional and technological ingredients. The expert
system allows, in production conditions, with the minimum expense of time, to calculate
the optimal chemical composition of the ice cream recipes of assured quality by taking into
account the available raw materials. The knowledge base formed in the expert system will
allow to improve the nutritional structure of the population due to the exclusion of
chemically modified and synthesized food additives from the recipe composition of ice
cream and their replacement on natural, biologically-complete ingredients of domestic
production [4, 5].

While modeling the ice-cream composition, one should take into account the fact that
for this product the concept of "quality" means a complex of special requirements for
sensory and physical and chemical indexes. It is understandable that the sensory and
physical and chemical quality indexes are interrelated. For example overrun, the degree of
air phase dispersion and resistance to thawing, in the first place, form the sensory
perception of the finished product consistency.

Among the abovementioned indicators, whipping is the most important quality
indicator to ensure a creamy structure of the overrun and frozen product. The recommended
level of ice cream overrun is between 60 and 160%. The ice cream overrun depends on the
recipe content and equipment type. If the whipping is too high (above 160%), the ice cream
structure is unstable, and the taste and smell become "null". When the overrun is less than
60%, the ice cream structure becomes rough, too dense, with a very strong taste and smell.
If the overrun index is in the recommended range, the ice cream will have a creamy, stable
structure with a taste and smell.

First of all, the ice-cream whipping is affected by proteins, structure stabilizers
(hydrocolloids), emulsifiers that strengthen free water, reduce the surface tension, and
stabilize the formed foam structure. That’s why the presence of the above mentioned
compounds in the ice-cream recipe composition is mandatory. Except the mentioned
ingredients, the technological functions of the foam formers and structure stabilizers can be
performed by the raw materials of plant and animal origin — grain products, pectin
containing purees from fruits, berries and vegetables, etc. But for competent correction of
ice cream recipes in the conditions of industrial production, it is necessary to develop a
universal and user-friendly expert system that takes into account all production experience
and recommendations of scientists concerning the composition of ice cream of various
kinds [2, 3].

The hybrid expert system for modeling ice cream recipes is intended to improve the
existing ones or develop new types of ice cream in a wide range of changes in the chemical
composition by applying fundamentally new functional and technological ingredients. The
expert system allows, in production conditions, with the minimum expense of time, to
calculate the chemical composition of the ice cream recipes of guaranteed quality taking
into account the available raw materials. The knowledge base formed in the expert system
will improve the nutritional structure of the population of Ukraine due to the exclusion of
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chemically modified and synthesized food additives from the recipe ice cream composition

and their replacement on natural, biologically complete ingredients of domestic production.

A hybrid expert system for modeling ice cream recipes should address the following
main tasks:

—  to develop recipes of new ice cream types with the given consumer characteristics and
low cost;

—  to substantiate the recommendations of the industry concerning the recipe ice cream
composition and the possible replacement of certain ingredients without reducing the
regulatory quality indicators of the finished product, in accordance with the current
standards (SSU, TC, etc.) provided by the target functional and technological
properties of certain components;

— to analyze a set of finished product quality indexes, to identify the technological
problems and to suggest the ways to solve them [5,7].

The structure of the expert system for modeling the optimal ice cream recipes is
presented in Figure 2.

To implement these tasks, application packages and knowledge manipulation tools
were used. Therefore, the expert system of modeling ice cream recipes is hybrid.

The main function of the expert system is to support the implementation of the
algorithm for designing the optimal ice cream recipes presented in Figure 1 [3-5].

The architecture of the hybrid expert system for the modeling of ice cream recipes
consists of separate four structural blocks [5,7,8,9,13], which are designed and created
separately, and then bundled into one whole interacting system through the interface:
database, knowledge base, mathematical apparatus and expert system implementation of
the functions of the recipe composition quality control and its technological suitability.

The database is required to provide the primary information about the recipe
ingredients and their physical and chemical as well as functional and technological
properties, auxiliary materials, quality indexes. It stores the recipe composition data meant
for users, physical and chemical characteristics of the ingredients, the recipe status [6,16].

The knowledge base is sets of knowledge in the form of rules on the technological
features of making ice cream [12, 17].

The mathematical apparatus modules are a set of applied mathematical packages to
solve the optimization tasks. They are aimed at obtaining a certain universal recipe due to
the possible interchangeability of certain technologically active components. It has a great
practical significance in the production conditions [5, 7, 17].

The expert system provides the recipe correction by taking into account all the
technological properties of multicomponent food systems. It uses the knowledge base. If to
model the optimal recipe only with the help of one mathematical device, without the use of
the expert system, then the received recipe is unlikely to be suitable because numerous
technological properties will not be taken into account.

The EU Knowledge Base is created directly in the database in the form of individual
entities. A set of these entities allows you to create research objects, rules which they meet
and recommendations if the rules are met. Except the rules and facts that form the
declarative part of the knowledge base, it also includes a procedural part with functions and
procedures that implement optimization and calculation algorithms. The knowledge of the
expert system is represented in a symbolic form (simple components of knowledge
representation are texts, lists, and other symbolic structures). Thus, in the EU, the principle
of the symbolic nature of estimation is realized which means that the estimation process is
represented as a sequence of symbolic transformations.
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Figure 1. Algorithm for designing optimal ice cream recipes
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The purpose of every essence of the knowledge base:

1. “Research objects” covers a list of objects to be analyzed in order to detect the
technological deviations in the recipe.

2. "Rules" means a list of all rules which the research object can meet under those or
other events. Actions included in the rules may contain new facts. When applying
such rules, these facts become known to the system which means that they are
included in the set of facts called the working set.

3. "Rules of the research object" are the rules relevant to the specific research object.

4. "Recommendations" is a problem description and recommendations for its
solution.

5. "Recommendations of the research object" is a list of recommendations of the
research object.

The knowledge base of the hybrid expert system is static. In other words, it does not
change with time and the facts stored in the knowledge base are static which means that
they do not change in the process of solving the problem [5, 7, 12—19].

To create a databank, a relational database under the control of Firebird 2.5 was used.
[6, 18]

The benefits of Firebird are that it has a multiversion architecture. It provides parallel
processing of operational and analytical queries, compactness (SMb distribution), high
efficiency and powerful language support to store procedures and triggers. Firebird is
completely free; it does not require any registration or payment for support. The source
code of this system is open, which allows you to develop your own nonprofit projects using
its base if you follow the IDPL license requirements covered by Firebird.

Also, Firebird is a database server. One Firebird server can process several hundred
independent databases with a plurality of user connections. It is completely free of license
deductions even for commercial use.

Table 1 presents an experimental confirmation of the efficiency of the expert system
usage taking into account the calculation of a new ice cream recipe named "Milk Ice Cream
with Wheat Germs". It was based on the standard milk ice cream recipe in accordance with
the standard technological instruction for the ice-cream. The expert system calculated a new
optimal recipe, taking into account the partial replacement of the stabilizer Cremodan SE
406 (the manufacturer is the company "Danisco", Denmark) by the natural structuring
complex named wheat germ. As a result, this new recipe satisfies the quality requirements
of the finished product. The cost of 1000 kg milk ice cream with wheat germs according to
a new recipe made up 642,82 USD, which is 8.64% cheaper than the base one.
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Table 1

The calculation of a new ice cream recipe with a partial replacement of the stabilizer

Quantity 1000 kg At 100, % 2
= A
g NI § 9) %
|72} = > +
Rec y 9 = | 3| =z | £ | 35|82 @
w wn
ecipe composition g 2 8 2 2 SZ| &3 =
'E w — S
=
Drinking water 650,00 650,00 65,00 | 65,00 0,04 26,00
Milk solids non fat
101,00 101,00 10,10 10,1 10,1 12 2 241
(MSNF) ) , s 0,10 0,10 ,00 ,39 ,39
Cream from the whole | gg 55 | 8500 | 880 | 880 | 880 | 900 | 311 | 27386
cow milk
White crystalline sugar 155,00 155,00 15,50 15,50 0,50 77,50
Cremodan SE 406 6,00 | SUbst g 6o | SUDSH 9000 | 10000 | 1416 | 8487
ted tuted
Total (5 ingredients): 1000,00 ]0%0’0 108 0 108 0 703,62
Recipe name Cost 1000 kg/USD
Base 642,82
New 703,62
Difference -60,80
At 100 % 8,64
Calculated quality index
Quality index xleifsurement Value Description
Disperse phase content % 76,5 The structure is moderately
dense. Creamy. Durable.
Structural element
dimensions of disperse mkm 37,9 The air bubble size is sufficient
systems
Structural element . .
stability of disperse second, sec 2,82 Pretty high resistance to
thawing
systems
Cryoscopic temperature degree, C° -2,35 Within limits
Sensory evaluation score 9 Rather marked smell and taste

Conclusions

Expert systems are the most effective tool for calculating ice cream recipes of different
groups, as well as for selecting the optimal technological regimes for its production.

An expert system developed by the authors allows purposeful management of the
quality of the finished product during the technological process of its production. The
greatest significance of the development lies in the possibility of replacing traditional recipe
components with fundamentally new natural raw materials. The feasibility of introducing
the elaborated expert system is confirmed by the possibility to prevent the most widespread
ice-cream consistency and taste problems.

302 —— Ukrainian Journal of Food Science. 2017. Volume 5. Issue 2




Automation of Food Processes

The use of an expert system in production conditions enables the integration of
knowledge of expert technicians working in this field and the creation of appropriate
partner systems.
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Introduction. It is shown the effect of low-quality
current on electromagnetic and technical losses that is
results in increasing expenses on power and energy,
reduction of the equipment operating cycle, process losses,
which include reducing production, decreasing product
quality and production of low-quality products.

Research and methods. The basic aspects of the
analysis are nonsinusoidal voltage that depends on the
network voltage. Expediency of using Fourier series is
shown.

Results and discussion. The voltage deviation is one of
the major problems in power supply systems of industrial
enterprises. Its solution is a priority task in the design of
power supply systems. The way to improve voltage quality
is suggested. The use of semiconductor devices eliminates
several disadvantages of mechanical switching device (low
speed, low resource) and leaves its main advantage, i.e.
sinusoidal nature of voltage curve form. The possibility of
using semiconductor devices to perform switching without
distortion sinusoid in the time of passing zero allows
eliminating the major drawback of mechanical switches
their discreteness. This allows to create voltage stabilizers of
any degree of accuracy, based on the principle of discrete
control by switching transformer unsolders without breaking
the current and distorting voltage curve. This explains the
set of development directions both in this country and
abroad aimed at replacement of contactor switch at currently
working RUL (regulation under load) devices on thyristor.

The systematic approach to voltage regulation that
allows increasing economic performance of energy sources
is introduced. The most promising is the regulation method
acting on voltage and reactive power.

Conclusions. We recommend using the results at food
industry enterprises in order to improve the voltage quality.
The diagram of the device, which could improve the quality
of voltage in local area networks, is shown.
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Introduction

At the change of the load value there also takes place significant change in the voltage
that greatly exceeds the allowable limits. In such circumstances, it is impossible to provide
admissible voltage mode only by power generators. It is necessary to apply additional
regulating devices, moreover, laws of voltage regulation should be established to ensure the
most economical conditions in joined work of reactive power sources, power networks and
electronic devices.

Hereby the regulation in the high voltage networks, which feed distributing networks,
are aimed at improving the feasibility indexes of networks performance by reducing energy
losses in them. In distributing networks voltage regulation laws should ensure the optimum
voltage mode at consumers’ terminals. Voltage value should be determined basing on
minimum losses caused by consumers in the case when the voltage at the electronic
receivers terminals differs from nominal.

Materials and methods

Voltage regulation provides compensation of voltage losses in power supply systems
aimed at maintaining a given voltage quality at the electronic receivers terminals (Patents of
Ukraine Ne 47222 — Method for voltage registering at the apparatus elements, Nel6724 —
Method pulsed AC voltage regulation with amplitude — pulse modulation, Ne 93131 —
Method for voltage registering at the apparatus elements.

Results and discussion

Voltage deviation are caused by the slow process of load changes in the system, they
have different effect on the work of individual consumers. In the case of continuous
operation of the electric motor at low voltage, in particular at 90% of nominal value, life
cycle of motor insulation decreases by 18-20%, which significantly reduces the efficiency
of technological mechanisms that triggers this engine [2, 3, 7, 9].

If automatic voltage regulation the number of switching is 30—40 per day or 10950—
14600 per year. Significant resource of most RUL devices which operate in network is
5000 switches. Examination of devices contacts should be conducted after 5000 switches, it
is necessary to lead revision of switcher up to 3 times a year. This should be allowed
neither under conditions of safety, no in terms of labor costs. If we take into account that
the general equipment level of transformers by RUL devices is from 0 to 36%, reasons that
prevent wider deployment and effective use of automatic voltage regulation will become
clear. Necessary resource, sufficient for the work of devices during 20-25 years is 200-250
thousand switching, concerning the fact that with decreasing switching current resource
increases. Resource of RUL device shall be not less than 500 thousand switching. For
testing contacts electrical operation in the same standard 40 thousand switching are
provided for reactor devices and 50 thousand for devices with active current limiting
resistors. By international standards IEC 20 thousand switching is recommended [2, 4, 9].

An analysis will conduct on basis transformer — thyristor voltage regulator

The device is a system of automatic control and consists of a three-phase volt-boosting
transformer VBT.

Advantages of thyristor executive branches are well-known. But the effect of
regulation semiconductor significantly reduced due to distortion sine wave voltage and
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current. With this in Network can be generated higher or more low harmonics
(subharmonics).

One of methods of adjusting of voltage with generating of subharmonics is shown in
Figure 1.

Ua

A ANA

YAl 7

\/
-

A

Figure 1. Principle of adjusting of voltage, in which appear subharmonics

The constituent of voltage through the consistently connected to Volt-boosting winding
of VBT is directly given in the circle of voltage and not regulated (voltages U,,U,,U. in
Figure 2).

UA i EA

U, U,

ral ™

£, E,

Figure 2. Principle of compensation voltage regulation.

The second component of the output voltage is fed in circle of voltage through winding
excitation EW; and EW , of VBT and VBWo (Figure 3.). The change of voltage takes place
by modulation of number of impulses in a package.

A method is very comfortable at presence vibrations of voltage in network. Radio
interferences are absent, because opening of thyristors takes place at a zero instantaneous
value of voltage. A method does not result in diminishing of power-factor, scheme, that
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realize this method is very simple because thyristor is closed in natural way. But the
presence of subharmonics does not allow to use the indicated method of adjusting in the
electric networks of the general use.

It is necessary to search methods and devices with the small, possible for electric
networks degree of distortion of sinewave by subharmonics. It is thus necessary to take into
account a standard of quality of voltage.

VBW
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EW, EW,
1V S ov

S1 9 53

Figure 3. Principle scheme of compensating universal voltage regulator based on the VBT
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Figure 4. Basic methods of the impulse adjusting of variable voltage are with generating only of
highest harmonics
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Most acceptable to the electro-receivers is a method shown in Figure 5b. The phase
method of adjusting which represented in Figure 5a has certain advantages before method
represented in Figure 5b, a power-factor does not change in a network. But to realize it
heavier, besides in three-phase networks the indicated advantages disappear.

Voltage, which is shown in Figure 5, is an sequence of impulses (Figure 5b).

A /J—‘__ ) v
7 \\/ ov
a / NI LI " g
S ;
L\J\\ /’y'/
~N
8z
u
F 3
2| 5
b /‘1( ,Hj?” m_Zm .0
8: 8: !
T

Figure 5. Voltage on the output of regulator (a) and in excitation winding (b) in the pulse
method of regulation

The height of which varies by sine law, width — linearly. In accordance with the
generally accepted classification this voltage can be examined as one of kinds peak —
impulsive modulation (AIM) with the variable width of impulses and stable amplitude of
modulating voltage (Figure 6b.). Carrying out such type of modulation is possible by VBT
with an additional winding EW; (Figure 4.), which is closes for a short time in moments of
disconnecting of Windings EW,or EW, from a network. Sequential commutation of the
keys S1 or S2 allows to get in a Volt-boosting winding addition of voltage as impulses 1,
2, ... (Figure 6b), whose height modulated by voltage, which induced by VBW.

Instantaneous value of the voltage

Uy =U,, 2D sinot 1)

where D — range of adjusting of device; o — angular frequency.

The main purpose of the voltage regulator is support for a specific voltage law, voltage
output by changing the input voltage, deviation and fluctuation which is a random function
of time.
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U, =U, +E+5 ®

where § — error control.

The effect of voltage regulation Ugy is achieved by synchronous changing the width
a of all impulses, same for each of them at any time. In three limiting modes, when
additive of voltage E =+E__or zero, the controller works without distortion voltage Ugy.

In this case, connect only one excitation winding, and the output voltage of regulator.

U,, =U, U, -D—AU

3)
or at zero additive

Uyy =U,y —AU @

where AU — fall of voltage in regulator.

Under the keys S, S, and S, in the scheme of regulator (Figure 4) it is necessary to
understand semiconductor key elements. The scheme (Figure 7) meets all requirements for
voltage regulators on the load side. But the best technical and economic performance
scheme should has, if instead of single-purpose thyristors use field effect transistors.

VBW
o2 J
EW,
Ew, EW, L 1
v P
e e
‘ \ —
63, Lr SZ\_ _\ZS TA 53)T| SZ\_ N L‘J 53, 53,

. | | .

Figure 6. Connection diagram of artificial blocks for shutdown thyristors

Connection of thyristors in the diagonal of monophase bridge allows to decrease the
amount of key elements in two times. In this case control unit is simplified.

A three-phase impulsive transformer — thyristor voltage regulator type, can be obtained
by combining single-phase regulators in the three-phase system.

But the best technical and economic performance has scheme with three switching
elements that are connected to the VBT winding through three-phase bridge rectifiers
(Figure 9.). Here with the purpose of simplification of construction and increase of
reliability provides simultaneous switching of currents in the three phases of the device.
Switching carried by three semiconductor key elements, S,andS; on the DC side of

rectifiers. The advantage of the scheme is that while commutation sum instantaneous values
of electromotive force induced in VDS is zero.

This is a significant advantage over single-phase commutation that adopted for the
existing thyristor — transformer (throttle) of regulators, avoids the mutual influence of
phase, asymmetry current of magnetizing transformer, causing additional tension in the
network.
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Output voltage on regulator (Figure 6a) is the sum of two curves: sine wave voltage of
network and pulse sequence (Figure 6b) the height of which varies by sine law, width —
linearly. To the main parameters that characterize this type of AIM, include coefficient of a
sequence of pulses equal to the number of pulses in one period of voltage modulation,
frequency is equal frequency network

m=f—M (5)

f
where f3, is modulated frequency.

Using voltage with AIM leads to distortion forms of voltage Ugy. The degree of
distortion can be defined in several ways. The main criterion for evaluating
nonsinusoidality voltage is harmonious composition of voltage on regulator output.

One of the important parameters of AIM is skvapnist:

Q =ttt (©)

where ¢, — pulse width; ¢, — length of the pause between pulses.

Skvapnist for voltage supplements can vary within 1< Q' <o causing difficulties in
the AIM study. Because the parameter characterizing property adjusting pulse regulator,
accepted degree of regulation — quantity reverse skvapnist.

v — value, backward of skvapnist

y=— (7
Q
Considering that o characterizes the pulse duration, the degree of regulation
_am
2r (8)

Active voltage value additives (Figure 6b) is smoothly regulated by synchronous
change the width of pulses
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Figure 7

However, there may be three ways latitude regulation:
— unilateral, by shifting back fronts (Figure 7b.)
—  bilateral, offset by simultaneous front and back fronts (Figure 7a.)
— unilateral, while shifting only the leading edge (Figure 7).

The research parameters AIM occurs at these assumptions:

—  valves of the executive body are ideal
— load has linear characteristic,
—  voltage of power source is sinusoidal.
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All three types of regulation at m =6 gave almost identical results, and three curves
K, =f (a) at unilateral regulation by displacement of the front and rear and bilateral

fronts of regulation coincide.
Based on this x,, cannot be considered a defining characteristic when choosing a mode

of regulation. Further comparison must be performed on the basis of technical and
economic indicators of all types of regulation. It is important to investigate the operation of
the executive body at three types of regulation and choose a way that would ensure the
maximum use of capacity VBT without complications other elements of the regulator.

It is necessary to choose the optimum frequency band voltage with AIM, based on the
mode of the regulator (without considering the load).

In the three-phase version of regulator create a series of pulses that form a additives
tension in each phase, one key element is performed. This feature of the scheme can
dramatically increase the utilization of semiconductor devices, but can impose restrictions
of pulse rate sequence. The carrier frequency should be chosen to create a symmetrical
system of voltage in phase and a linear voltage at the output of regulator. Also in U must be
absent the constant component. These requirements are fulfilled in the case where the
placement of pulses in all six half-periods of three phases will be absolutely the same, that
is, should the condition at unilateral regulation by the displacement of the forward front.

2_”517 r =2_7TS1‘+;

m m

2 2 2

Mg M _Tg )

Here S,_,S,, —numbers of pulses, equally placed relatively the start of negative and
positive half-periods of one phase,
S.,,S., —numbers impulses that equally placed relatively beginnings half-periods of

B2

two adjacent phases.

~

N U/B

Figure 8. Principle of symmetry three-phase voltage regulation
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After converting expressions, we obtain:
(10)

To these conditions were kept, the coefficient sequence of pulses m must be a multiple
of six, that carrier frequency f,, = 6xf , wherek =1, 2,3, 4, ...
For bilateral regulate, symmetry condition has the form:

25, -1 __(25. -z
(25 -z 2z _(25. 1)z

m 3 m

For unilateral adjustment by shifting the rear edge of the pulse symmetry condition
takes the form:

27:(5’1_—1)+2;;_27;(Sl+ 1)
m T3 m

Thus, when all three types of adjustment necessary and sufficient condition for the
symmetry of the output voltage regulator and no DC component in OV there is a choice of
coefficient sequence of pulses m which is equal or a multiple of six.

The final selection of frequency band can be done by setting the relationship between
the coefficient of sequence of pulses and sine form of output voltage.

Considering that the sinusoidal voltage can write that the voltage at the output of the
regulator:

dYUl=U,-U? (13)

Here U?

D2

U Z — according current value of voltage induced in the VBW and the current

value of the first harmonic.
Since the voltage additives pulses are modulated in sinusoid, additive rms voltage
generally has the form:

w 05
U, = LZ [ Ul sin* 6 do (14)

T o_ ,
=1 O
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After the changes, given that a m multiple of six, we get the expression which is valid
for any of the three types of regulations:

U,=U, [== (15)
Ar
The current value of the first harmonic:
U ma
U =—x.—— 16
S (16)

Analysis of the impact of higher harmonic on the OV controller easier to carry, using
distortion factor:

K, =—L, (17)

where U, — current value of voltage of first harmonic; U — effective value of nonsinusoidal

voltage.
According to

_ UIV +U/)l

_ v 18
UIV +U/) ( )

Kp

Substituting values U, and U, we will obtain

mo

UIV +Uw '

Ky = —2\/577 (19)
mo

4r

UIV +Uw ’

Taking into account that
U, =~2-1v-D (20)
Rewrite expression for

2N2r7 ma
+D, [—
k. —Nma_ NAm @1
D
w2 J2m

Jma

Taking into account the degree of regulation V:

+D
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NN
k= (22)
g+D
\/1//

Minimal distortion of coefficient determined from the equation

0K,

oa

=0 (23)

Real x, =0,99atD=0,1. Right-wing of members of the numerator and denominator

can be discarded as the value of the second order of smallness and believe, that x, ~1. If

the adjustment range of the device is located within 0.10-0.15.
Thus, the higher harmonic when their amplitudes constitute up a few percent of the
amplitude of the fundamental frequency, virtually hasn’t impact on operating voltage:

oV=1zU, (24)

The addition of the voltage regulator:

U, ma 25)

E=
2\/2_72

The analysis of this expression shows that adjusting characteristic of the device is
linear. This is one of the benefits of AIM because it allow to simplify control scheme and
increase the stability of the regulator.

Conclusions

At the reduction of power quality electromagnetic and technological losses increase.
Electromagnetic power losses occur in the growth of power and energy losses, at the
reducing of equipment lifecycle. Technical losses include reduction of products,
manufacturing of lower quality products. Technological losses make up to 90-92% of all
losses and are usually hidden in the production cost.

Voltage reduction in lamps causes decrease in luminous flux, which in turn leads to the
deterioration of sanitary and hygienic conditions for workers and lower productivity.
Additional costs to improve illumination are always paid off, and "bad light" is costly.

The most promising is the regulating method based on effecting voltage and reactive
power.

The use of thyristors for voltage control turns economically justified if there is the need
to achieve a large number (over 300 thousand) switches per year.

Given recommendations deal with voltage regulation at food industry enterprises.

After the changes, given that a m multiple of six, we get the expression this is valid
for any of the three types of regulations.
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Thus, the voltage deviation is one of the most important problems in power supply

systems at industrial enterprises. Its solution is a priority in the design of power supply
systems.

11.

12.

13.

14.

15.

16.

Sequence of pulses m which is equal to or a multiple of six.
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Introduction. It was performed a research the physical
and chemical, antioxidant and nutritional properties of the
fondants with beetroot juice addition.

Materials and methods. 3 samples of fondants with
juice obtained from raw (1), boiled (2) and baked (3)
beetroot were used in this study. Methods: sensory analysis
with the help of 15 subjects, the antioxidant activity
assessment through DPPH method, and the chemical test,
which refers to moisture, ash, mineral and reducing sugar
determinations.

Results and discussions. Sample 1, which are fondant
candies with juice obtained from fresh beetroot, was the
most appreciated with a total ranking of 8,92, and sample
III, fondant candies with juice obtained from baked
beetroot, was the least appreciated with a result of 8,55.
Sample II, fondant candies with juice obtained from boiled
beetroot, had an overall assessment of 8,59.

Highest antioxidant capacity occurs in the case of
fondant candies with red juice obtained from raw beetroots
(sample 1), with an overall performance of 93,22%. A rather
lower result had the sample 2 with 92,84%. Sample 3
showed the lowest result of 91,49%.

The highest results in the matter of moisture content
(94,20%) and reducing sugars (14,20%) had the sample 3.
On the contrary, the lowest results for both moisture content
and reducing sugars was shown by sample 2 with 93,2% and
12,1%.

The highest value of ash content was shown by the
sample with raw beetroot juice, 5,66%. Sample 3 had the
lowest level of ash content, 1,18%, five times lower
comparing to the first sample.

Conclusions. The fondants obtained from raw beetroot
juice has the most pronounced antioxidant capacity and the
betaine content is almost double compared with other
analysed samples.
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Introduction

Fondants are types of confectionery. They are categorized based products called
fondanterie flux. Besides fondants in this category are included sherbet, marzipan and other
confectionery [6].

Natural dye is used in both commercial production of food and the cooking class. Due
to their safety and general availability, natural dyes are used in a variety of non-food
applications, for example in handicrafts and educational kits. By the mid 1800s the only
source of dyes used in foods were natural, extracted from saffron, carrots, dude, beetroot
etc. [2] [3].

Manufacturers continue to seek solutions for natural ingredients for the development of
new products, particularly for products that are marketed as "better for consumption". As
costumers demand for healthy food and healthy increases, so does the use of natural colors
[1] 41

Also, natural colors must be declared on the product label. If the red beet juice is used
to shade a foodstuff (sweets, jellies, etc.), it should be indicated as an additive color [4] [5].

It was discovered that in 2010 only 1.6% of confectionery products contained natural
colorants; this number has increased and is estimated to account for over 10% of all
confections in 2020 [13].

An interesting use of natural coloring aids is that many are bioactive and have a strong
antioxidant capacity; for example, betaine extracted from red beet is one of the most
powerful natural antioxidants [2].

A study by a group of UK researchers in 2012 compared the antioxidant activity of
betaine extracted from red beetroot Detroit Dark Red, with the antioxidant capacity of
betaine extracted from an unknown variety.

It has been found that betaine extract obtained from the Detroit Dark Red variety has
higher salt antioxidant capacity (DPPH) than the other extract; 3.28 times greater packing
capacity, and ORACs 20 times higher.

It has been demonstrated in the same study that betaine remains stable in the
gastrointestinal tract without any significant loss of antioxidant properties, which makes its
value as a food additive increase.

Betaines are divided into two groups: betaxanthines and beta-cyanines, due to their
chemical structure. Betaxanthines are condensation products of betalamic acid, they have a
deep violet color [12].

The purpose of this research is the assessment of the physical and chemical behavior of
the beetroot juice added in the product, as well as its properties changes after heat treatment
application. Plus, another intent of this paper is to find if there can be found any correlation
between sensorial and chemical performances of the samples.

Materials and methods

For this study were analysed the following samples:

Sample 1 — fondant candies with beetroot juice, obtained from fresh beetroot;
Sample 2 — fondant candies with beetroot juice, obtained from boiled beetroot;
Sample 3 — fondant candies with beetroot juice, obtained from baked beetroot.
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Sensory analysis

For the sensory analysis has been used the method with hedonic scale (hedonic test).
This method is used for the purpose of introducing a new product on the market, by
assessing the consumer's reaction to the organoleptic properties of the product [7].

The hedonic test allows to determinate both the best sample and the degree of
preference of certain factors such as the packing method, the modification of the recipe as
well as the shelf life [7].

For this method 15 subjects were selected with the help of which were performed the
following determinations: appearance, colour, taste, smell, flavour and texture. [7]

The experiment was held in the laboratory with specific conditions of light, ventilation
and temperature.

Antioxidant activity

This test was performed using the DPPH reagent and a spectrophotometer.

DPPH (2,2-diphenyl-1-picrylhydrazyl) is one of the most stable and commercially
available organic radionuclides and has a maximum UV-VIS absorption at 517 nm. DPPH
method is based on the generation of free radicals, from a methanol solution of 2,2diphenyl
-1- picrylhydrazyl, which absorption disappears in the presence of an antioxidant [§]

Preparation of the solid samples. In three volumetric flasks were introduced 2,5 mg
of each sample, followed by bringing to the mark with methanol. The flasks were agitated
vigorously and left in the dark for 15 minutes, after which the content was filtered through
filter paper. The obtained extracts were used for the calibration curve [8].

Establishment of the calibration curve. For this determination, firstly, was used a
blank sample, namely a methanol solution, used as a standard, for which was determined
the absorbance (Agandgard). The calibration curve for each sample was traced based on 10
solutions containing different amounts of the certain sample extracts and methanol, to
which was added 500 pl of DPPH reagent in every test tube right before the cuvette should
have been placed in the spectrophotometer. These manipulations were followed by the
absorbance determination for each concentration (Agmpie) [9]-

Antioxidant activity value calculation. The inhibition percentage of the free radicals
(I%) was obtained with the equation [8]:

[% — Aslandart - Asample 100

s tan dart
Chemical analysis

Moisture determination. Moisture content of each fondant candy with beets juice was
performed by using the digital moisture analyzer at 100 °C. The total soluble solids were
determined using a Digital ABBE Refractometer and expressed using a Brix degree scale
(°B) [10].

Ash determination. The classic calcination method was used. In a porcelain crucible,
weighed in advance, was introduced the sample. The crucible was placed on the flame of a
gas lamp until the smoke appeared [11].

This procedure was followed by the insertion of the crucible in the electric furnace set
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at 750°C and left the necessary time there until a pale white or gray residue with no traces
of charcoal was obtained [11].

The crucible was cooled in a desiccator until it reached the room temperature, then it
was weighed.

The ash content was determined with the formula [11]:

Ash% = 22100
m

where m; - is the amount of ash in g, which is deduced from the difference between the
weight of the crucible with ash after calcination and the empty crucible

m - the amount of sample taken into work, this being calculated from the difference
between the weight of the crucible with sample before calcination and the empty crucible

[11]

Quantitative determination of mineral substances (EDX spectroscope). Rontgen
energy-dispersive fluorescence spectroscopy is based on measuring discrete energy of each
Rontgen wavelength as expression of concentration and composition. With the emergence
of discrete radiant energy on a semiconductor detector it produces a certain number of pairs
of voids and through them a certain electrical pulse. Current pulses, according to the current
value, are distributed by a multichannel analyzer (about 1000 channels) and give a specific
spectrum that has the order of pulses and the energy abscissa.

All Rontgen fine analysis procedures, whether refractive or spectroscopic, are
analytical and control procedures that act completely non-destructively on the subject
matter under investigation.

Determination of reducing sugar (Schoorl method). Reducing sugars reduce the
copper-tartaric alkaline solution (Fehling's reagent) to Cu,O, which is indirectly
quantitatively determined by iodometric measurement of copper sulphate in the Fehling
solution before and after reduction. The difference obtained is the amount of copper
reduced by sugar.

—  Extraction. An amount of 5-25¢g of the sample evenly blended, it is placed in a 150-
200ml vial where was added 70-80 ml of distilled water heated to 85-90 °C, then
placed on a water bath, and from the moment the water begins to boil for 30 minutes,
started the stirring. The extract is filtered in a 100 ml volumetric flask and washed with
hot distilled water.

—  Dosage of reducing sugars. In a 300 ml Erlenmayer flask, 20 ml of the flaky extract
was introduced, then Fehling I solution 10 ml and Fehling II solution 10 ml, the pot
was heated on an asbestos sieve, the boiling time was exactly 2 minutes. The flask was
cooled in a stream of water, then 20 ml of potassium iodide solution and 15 ml of
sulfuric acid was added.

The liberated iodine is titrated with 0.1N sodium thiosulfate in the presence of starch as
an indicator. The solution of starch is added to the end of the titration when the solution had
a pale yellow color. Titration is continued until the blue color disappears due to the
presence of iodine.
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The amount of copper reduced by sugar is determined by the amount of 0.1 N sodium
thiosulphate used for titration based on the equation:

V= V] — V2

where V| - the volume of 0.1 N sodium thiosulphate used to titrate the blank sample (ml)
V, - the volume of 0.1 N sodium thiosulphate used to titrate the actual sample (ml)
There is the amount of reducing sugar in the analyzed samples based on the equation:

2% = 29100
g
where z is the quantity of inverted sugar from the corresponding table for V ml of Na,S,0;
0,1 N;
d is dilution cipher;
g is weight of analyzed sample (g).

Results and discussions

1. Sensory analysis
Following the sensory analysis on each of the three samples were obtained the
following results.

Graphical interpretation of sensory analysis:

1.1. Appearance assessment

9,4
9,3
9,2

%

9,1
9,0
8,9
8,8

Sample | Sample ll Sample lll

Figure 1.1. Appearance assessment of the fondant candies with beetroot juice

As results from this graph, sample III, namely candies containing juice obtained from
baked beetroots, has the highest value for appearance 9,33. The lowest value of 9 has the
second sample.
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1.2. Colour assessment

9,6
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%
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8,8

8,6
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Figure 1.2. Colour assessment of the fondant candies with beetroot juice

Following the completion of the colour graph, sample III has the highest result of 9,53
compared to the other 2 samples.

1.3. Taste assessment
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8,6
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8,2
8,0
7,8
7,6
7,4
7,2

%

Sample | Sample Il Sample llI

Figure 1.3. Taste assessment of the fondant candies with beetroot juice

Fondant candies with juice obtained from fresh beetroot have the highest grade in the
taste category, 8,88. Meanwhile sample II was ranked with 7,86.
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1.4. Smell assessment
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%
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Figurel.4. Smell assessment of the fondant candies with beetroot juice
According to this graph, candies made with juice obtained from boiled beetroots are

the most appreciated in terms of smell, with a 8,86 appreciation. Sample I and II had
slightly the same results: 8,13 and 8.

1.5. Flavour assessment

9,0
8,8
8,6
8.4

%

8,2
8,0
7,8

Sample | Sample Il Sampile Il

Figurel.S. Flavour assessment of the fondant candies with beetroot juice

According to graph 5, candies with juice obtained from raw beetroots have the most
pronounced flavour, with a rank of 8,93. The lowest result, 8,20, was obtained by sample II.
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1.6. Texture assessment

%
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Sample | Sample ll Sampile lll

Figure 1.6. Texture assessment of the fondant candies with beetroot juice

In the matter of texture, samples were ranked as follows: 9 for sample I, 8,73 for
sample I and 7,33 for sample III.

1.7 Overall sensory analysis performance

After performing the sensory analysis on all three different samples the following
general graph was established:

9,0
8,9
8,8
8,7
8,6
8,5
8,4
8,3

%

Sample | Sample I Sample lll

Figure 1.7. General graph of the sensory analysis performance

As a result of the overall chart, sample I was the most appreciated with a total ranking
of 8,92, and sample III was the least appreciated with a result of 8,55. Sample II had an
overall assessment of 8,59.
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2.1. Graphical interpretation of antioxidant capacity

100
99
98
97
96
95
94
93
92
91

95

94

94

93

93

92

92

0 50

100

150

200

250

Concentration (uL)

Figure 2.1.1. Sample 1 — Fondant candies with juice obtained from raw beetroots
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Figure 2.1.2. Sample 2 — Fondant candies with juice obtained from boiled beetroots
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Figure 2.1.3. Sample 3 — Fondant candies with juice obtained from baked beetroots

2.2. Overall antioxidant capacity performance
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Figure 2.2.1. General graph of antioxidant capacity

The highest antioxidant capacity occurs in the case of fondant candies with red juice
obtained from raw beetroots (sample I), with an overall performance of 93,22%. A rather
lower result had the sample II with 92,84%. Simultaneously, sample III showed the lowest
result of 91,49%.

It is also noted that with the absorbance decrease the antioxidant activity decreases.
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3. Chemical analysis of the fondant candies with beetroot juice

3.1. Moisture determination

After keeping the samples in an oven at constant 100 °C for 5 hours, the following
results were obtained:

94,4

94,0

93,6

%

93,2

92,8

92,4

Sample | Sample Il Sample lll

Figure 3.1. Graphical interpretation of moisture

Sample III has the highest result of 94,20%, meanwhile samples I and II showed a
slightly equal result of 93,4% and 93,2%.

3.2. Ash content

%
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2

Sample | Sample ll Sampile lll

Figure 3.2. Graphical interpretation of ash content

As a result of this graph, sample I, fondant candies with juice obtained from raw
beetroots has the highest ash content of 5,66%. Sample III showed a five times lower result,
1,18%.
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3.3 Quantitative determination of mineral substances with EDX method
Based on the quantitative determination of mineral substances from fresh beetroot juice
were highlighted the following elements:
80
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50
X 40
30
20
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0 ,_| —

K Cl P Ca S

Figure 3.3.1. Graphical interpretation of mineral substances from fresh beetroot juice

According to the graph, following the quantitative determination of the mineral
substances in the fresh beetroot juice, it contains an amount of 67,0% K that passes into
ash, but also other elements such as: CI (23.01%), P (13,24%), Ca (8.26%), S (2.52%).

A significant proportion of these elements and minerals are found in the 3 fondant
candy samples. The results are as follows:

70

60 — _
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40 ||

30

20 — [ N

10 [ | - ]

0 .HH-L ﬂT|'|'|_ WL [T |
FRESH JUICE SAMPLE | SAMPLE Il SAMPLE Il

OK 67,02 65,08 57,57 60,58
BcCl 23,01 15,2 19,87 22,3
oP 13,24 12,4 10,84 11,58
mCa 8,26 4,26 8,52 3,06
BS 2,52 1,02 2,22 1,4

Figure 3.3.2. General graphic of mineral substances content
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Mineral substances pass into the three samples of fondant candies to some extent, as

follows:

Potassium (K) is found in the highest quantity in sample 1 (65.08%) and the smallest
quantity in sample 2 (57.57%);

Chlorine (Cl) passes to the highest amount in sample 3 (22.3%), and the smallest
quantity is found in sample 1 (15.2%);

Phosphorus (P) is found in the highest quantity in sample 1 (12.4%), and the smallest
quantity in sample 2 (10.84%);

Calcium (Ca), sample 2 has the highest amount of calcium (8.52%), and sample 3 - the
smallest amount (3.06%);

Sulfur (S) migrates to the largest quantity in sample 2 (2.22%), and the smallest
quantity passes to sample 1 (1.02%).

3.4. Determination of reducing sugars. The Schoorl method

14,5

14,0

13,5
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%
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Figure 3.4. Graphical interpretation of reducing sugars content

Sample III has the highest amount of reducing sugars (14.2%). Sample II has the

lowest amount of reducing sugars (12.1%). An amount of 13.2% was presented by sample

L

Conclusions

Betaine (beetroot natural dye) can be used in both its liquid and powder form;

Sample I (fondant candies with fresh beetroot juice) had the highest antioxidant
activity and ash content;

The highest moisture and amount of reducing sugars is given by sample III. Beetroot
juice contains a high amount of mineral substances, but the heat treatment applied to
the fondant candy affects the amount of minerals that migrate from the juice in the
final product.
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AHoTaiil

XapuoBi TexHosnorii

BruinB rap0y3a sik xap4oBoi J00aBkH Ha (i3uKo-XiMiuHi Ta opraHoJenTHYHiI
XapPaKTEPUCTUKH KEKCiB

Ipuna Jlynexa, Onena [Tomo6iit
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. IIpoBeneni qociipkeHHsI 3 METOI0 BCTAHOBJICHHS BIUIMBY Xap4OBHX J100aBOK
Ha OCHOBI Tap0Oy3a Ha CEHEpPreTW4Hy MLiHHICTh, (I3MKO-XIMIUHI ¥ OprpaHoJIeNnTHYHI
BJIACTHBOCTI KOH/JUTEPCHKUX OOPOLTHSIHUX BHPOOIB.

Martepianun i meromu. JlociiukyBamucsi 3pa3Ku KEKCY 3 JONABaHHSIM CHPOrO 1
OJIaHIIIOBAHOTO TapOy3a y KuIbKocTi 8, 16, 24 1 32%. PeosnoriuHi MOKa3HUKU JAOCIIIHKEHO
METOJIOM POTAIiHHOI BiCKO3UMETPIi.

PesynbraT. HaiiGinpmn BAajgow € perenTtypa i3 3aMiHOK KJIACHYHUX KOMITOHCHTIB
KeKCy Ha (pYyHKIIiOHaJIbHY M00aBKy 24% OyaHIIOBaHOrO rapOy3a. BukopucTaHHS pi3HHX
¢dopMm rapOyza sk xap4yoBoi JH0OABKH Yy BHUPOOHUIITBI KEKCIB € MOIUIBHUAM 3 OIJIAAY Ha
30araueHHs MPOAYKTY OIOJOTIYHO IIHHMMH KOMITOHEHTaMH, BiTaMiHHO-MiHEpaJIbHUM
KOMIUIEKCAaMH Ta CIIOJyKaMH aHTHOKCUIAHTAMH, II0 MICTSATHCS B LIl CHPOBHHI.

[IpoananizyBaBmmy (pi3UKO-XiMiUHI TMOKa3HHUKH 3pa3KiB, MOXHA 3pPOOMTH TakKi
MiJICyMKHU: Ha KPUBHX B’si3k0cTi 31 30inpmienHsm P, Ila Big O mo 6000 ) 3pocrae Big 0 no
450 3a mapaOoONiYHOI 3aJIeKHICTIO, MPUYOMY HAWOUIBII IHTEHCUBHE 3pPOCTAHHS — B
niana3oni P B 5000. 36inbmrenns 106aBku Bix 8% 1o 32% 3011bI1ye 1 B cepeIHbOMY Y 2—3
pasu. Tak camo mpu 30inbIneHHI P Ha KpuBuX IUTMHHOCTI € 3poctae Big 0 mo 800 i3
HAHOLIBIINM MiKOM y 640 1 OAaJIBIINUM CIIaaHHIM.

3a mpoaHaTI30BAaHUMH OPTaHOJCITHYHUMH IOKa3HUKAMH HAHOUIBII BIAJHUMH €
penentypH i3 nogaBaHasM 16% Ta 24% OsaHIoBaHoro rap0ysa.

CTBOpEHHSI HOBOT'O BU/IY KEKCY CIPHATUME PO3IIUPEHHIO aCOPTHMEHTY OOPOLTHSIHUX
KOHJJUTEPCHKUX BUPOOIB CIIEiaTbHOrO IPU3HAYECHHSL.

BucnoBku. 3amMiHa TpaJAUIIIHHIX KOMIIOHEHTIB KEKCy rapOy30M € pallioHaJIbHUM IS
3a0e3MeueHHs IKOCTI MPOIYKIii, (i3UKO-XIMIYHUX Ta OPTaHOJETITHYHUX XapaKTEPUCTHUK.

KurouoBi ciioBa: xexc, eapbys, opeanonenmuxa, 000agka, peoyozis.

Bu3zHavyeHHs1 MOJIEKYJISIPHUX Mac 0i0JI0riYHO AKTUBHMX (h)PArMeHTIiB MOT03UBA
METOA0M eJieKTpodope3y

Tuna Jlma', Cepriit BephoBka®, AHHa 3aspHIOK'
1- Hayionanvnuii ynigepcumem xapuosux mexnonociu, Kuis, Yxpaina
2- Incmumym omonapunzonoeii im. npogh. O. C. Konomitiuenka HAMH Yxpainu, Kuis,
Yrpaina

Betyn. Metoto cTatTi € BU3HaYECHHS MOJIEKYJISIPHUX Mac O1IKOBOI CyMmilli MOJIO3HMBa
KopiB. JlocmipkeHHsl akTyallbHe Ul PO3pOOKHM Ta BHUPOOHMITBA IMyHONPO(DITaKTUYHHX
Tpenaparis 1 MATPUMKHU IMYHITETY JIIOANHH.

—— Ukrainian Journal of Food Science. 2017. Volume 5. Issue 2

333



—— Abstracts ——

Marepianu i MmeToqu. O0’€XT JOCTIIKESHb — MOJIOKO KOpiB. JIOCTi/KyBaHi 3pa3Ku
BiOMpaNy 3 MepIIoro JHS IiCis OTEJIeHHS 1 BIOPOJOBXK HACTYMHUX TPhOX Hi0. 1 mpoba
sIBIIsiE cOO0I0 MOJIO3MBO KOpiB i3 JKuromupcrkoi obmnacti (micro bepauuis). 2 mpoba —
MOJI03UBO KOpiB 13 KwuiBchkoi obmacti (M. TeriiB). J{ocmipkeHHSI MTPOBOAMIA METOIOM
elleKTpodope3y B MOMaKpUIaMiqHOMY Tei B cucteMi Laemmli.

PesyabraTu. BuzHaueHo, 10 BUCOKOMOJIEKYIISIpHI (DpaKilii MOJIO3UBA MICTSTh OLIKOBI
MOJIEKYIH 3 MOJeKylspHor Mmacoro 160-190 kJla, cepen sSIKMX — IMYHOIJIOOYIiHH.
BusiBieHO Takok OKpeMi YacTHHH IMYHOTJIOOYJiHIB Ta iHIIMX OLNKIB, 30KpeMa BaXKi
nanmoru 1gG (55kDa) ta IgA (62kDa), cekperopHuii KOMIOHEHT SIgA Ta nakTodepuH.
JocmimKyBaHi 3pa3kd BHCOKOMOJIEKYJISIPHHX IENTHIIB MOJIO3MBA MICTATH OlOJNOTIYHO
aKTHBHI ()parMeHTH, cepe] SKUX MepeBaKHO IMYHOITIO0YITiHY, TXHI YaCTHHH, O1IKH-a03uMU
Ta iHmi OinkoBi ¢parMeHTH. OKpiM IMYHOMIOOYNIHIB Y CKJIaJl JOCTIKYBAaHUX 3pPa3KiB
TAKOX BUSIBJICHO 1HINI OLIKHM 3 MojekyisipHOt Macoro 80, 62 ta 55 k/la. Takum Oinkam
MOXYTb BigmoBimati Baxki (55 x/la) ta nerki (25 x/la) nanmoru IgG Ta sIgA. ¥V cBoro
yepry, sIgA € HaIMOJCKY/ISIPHUM KOMILICKCOM, SIKUH cKiamaeTbes i3 H- 1 L-maniorie IgA
(62, 25 k/la BiamoBimHO) Ta cekpeTopHoro kommoneHta (80 k/la). OkpiM CEKpeTOpHOro
KoMITOHeHTa IgA, OinKoBI Monekynu 3 MolleKyisipHoro macoro 80 k/la mMoxyrs Oytn
ITOJIOBUHKAMH MOJICKYJI IMyHOTJIOOYITiHIB a00 JlakTodepuHy.

BucnoBok. HasiBHiCT, Benmkoi KUTBKOCTI OUIKIB Ja€ 3MOTY BHKOPHUCTOBYBATH
MOJO3UBO Y  BHPOOHHUITBI  JAUTAYOrOo,  (YHKIIOHAJIBHOTO,  JIKyBaJbHOIO  Ta
npoiJakTUYHOrO XapyyBaHHS; y OiOTEXHONOrii NpU BUPOOHHIITBI I1HIIMX IPOMYKTIB
XapuyBaHHsI CIIEHialbHOTO CKJIaJy, Yy MEOUIUHI 1 QapMakoiorii Juis BHTOTOBIICHHS
Xap4oBHX OOOJIOHOK 1 KarCyJl ISl JTIKapCbKUX PEYOBHH, O10JOTIYHO aKTHBHUX Ta XapuOBUX
J100aBOK.

KirouoBi ciioBa: mosnoszuso, 0ok, imyno2nodynin, erekmpogopes, imyHimem.

Pecypcooimagna TeXHOJI0risi MUTTS OB€4Y0i BOBHU

Muxkona Ocetiko, TerstHa PomaHoBchka
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. MuTTss BOBHM 3MIHCHIOIOTH y BOJHOMY CEpENOBHINI 3 METOI BHUJIAJICHHS
3a0pyAHEHb 1 BOBHSHOIO XHPY (PKHPOIOTY). 3 BiAINIpanboBaHOI MUHHOI BOIU BUIIY4alOTh
xup. Ounmiennit BoBHsHUH xup (E—913, naHONIH) MIMPOKO BHKOPUCTOBYIOTH TiJl 4ac
BUTOTOBJICHHSl XapuoOBUX, MNap(yMEpPHO-KOCMETUYHUX 1 CHELiAIbHUX TPOAYKTIB Ta
npenaparis.

Marepianu i metoau. JlociiKyBaiy MUTTS OBe4Oi BOBHU MUIHUM 3acoboM Sles 70.
Jis momyky pamioHaNBHHX IIapaMeTpiB MHTTS BOBHM 3aCTOCYBajH MaTeMaTHYHE
IUIAaHYBaHHS EKCHEPUMEHTY 3a JIATHHCHKMMH KBajJpaTaMH. EKcnepuMeHTalbHI JaHi
00po0IIsLIM METOAAMHU MaTEeMAaTHYHOI CTaTHCTUKH y TakeTi Matcad.

PesyabraTu i odroBopennsi. Buznauanu BB koHueHrtpauii Sles 70 y muitHOMY
posunsi y nmiamasomi 0,5-3,5 r/mM’, rigpomomyns 10-50, temmeparypu 20-50 °C i
TpuBanocTi MUTTS 2—-32 XB Ha BHWIYYEHHS 3 OBEYOi BOBHH EKCTPAKTUBHUX PEUYOBHH Y
MUHHUNA PO3UMH.

BusiBnieHo panioHanbHI apaMeTpu MUTTS TOHKOPYHHOI BOBHH, BU3HAY€HO BILIMBOBI
(akTopu. BUBUEHO MOXKIIMBICTh 3MEHILIEHHS KIJIbKOCTI BOJH, SIKY BAKOPUCTOBYIOTH ITiJl 4ac
MutTs. OTpUMaHO PIBHSIHHS perpecii, 110 anpoKCHMYe BIUIUB HOpMalli3oBaHUX (haKTOpiB
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HA TOKA3HMK 3aOMJICHHS 715 BiANPAaIbOBAHOI MHMitHOI BOAM. BimibpaHo Tpu CcyTTEBO
BIUIMBOBI Ta 3Hauymli ()aKTOpW Ha KUIBKICTh BHIYYEHHUX EKCTPAKTUBHUX DPEYOBHH Yy
MUIHOMY BiJNpanboBaHOMy po3uuHi. HaWBIIMBOBIIIUM (akTopoM Ha IOKa3HUK
3aJIOMJICHHS BiANIPalbOBAaHOTO MUIHOrO PO34YMHY € Temriiepartypa. Jami 3a 3HavymiicTio
BILUIUBY € TiJPOMOJYJIb, IPHYOMY TEMIIEpaTypa i riApOMOAYIIb BUSABIISIIOTH CyMipHUI BIUIUB
Ha TMOKa3HMK 3aJOMJIeHHS. MEHII BIUIMBOBUM (PAKTOPOM € TPUBAIICTH MPOLECY MHUTTS.
HeBminBoBUM (akTopoM Ha MPOIEC MUTTS BOBHU BHSBWIJIACS KOHIEHTpAISl MHUIHOIO
3aco0y Sles 70, OCKibKM MHUHHOTO 3aco0y OyJIO IOCTaTHBO JJIs YTBOPCHHS MileN Y
MUIHOMY PO3YHHI.

BucHoBkn. Y Mexax IOCIIPKEHOTO Jiana3oHy HaHOLIbNI palioHaJbHUE pexuM
Takuii: MuTTA 3a Temieparypu 40 °C i rizpomonysist nporecy 10 (criiBBiZHOIIEHHS BOIXHUIMA
po3unH : BoBHa 10:1) TpuBamictio 10 xB MuitHuM po3umHoM Sles 70 KOHIEHTpaIli€ro
1 o/mv’.

Kunro4doBi ciioBa: osua, swcup, mumms, pecypcosbepesicenns.

Oco001MBOCTi T2 NepCHeKTUBY BUKOPHCTAHHS KOJIareHa30BMiCHUX (pepMeHTHHX
KOMIIO3UIIif y TeXHOJIOTii M'SICOMiCTKHX MPOAYKTIB

Jmurpo Napmani, Bacuns [laciunnmit
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. IlpobnemaTtvka [IOCHIDKEHHS CHHEPIeTHYHHX e(eKTiB, 10 MOXYTh
CIOCTEpIraTUCh NpH MapajienbHoMy abo MOCTiJOBHOMY NpoBeAeHHI (epMeHTalii M’ sICHOT
Ta POCIMHHOI CHPOBHHU HE € IIUPOKO MPEACTABJICHOI 1 MOTpeOye OibIl IeTaJbHOIO
PO3TIISAY LUX MUTAHb.

Marepianu nmocaimkeHb. O0’€KT ITOCTIKCHHS — TEXHOJOTISI M SICOMICTKHX
nponykriB. [Ipeamer — QepMeHTaniss HU3bKOCOPTHOI CHPOBHHH. BHKOpHCTaHO MeTOaM
aHai3y Ta CHHTE3Y, PO3MJISHYTO JITEPATypHI JDKepelna, IO MPEACTaBICH] MyOsiKaIiaMu
MPOBITHUX HAYKOBLIB, YWl pPOOOTH MpHUCBsYEHi IpouecaMm (epMeHTanii TBapHHHOI
POCITMHHOI CHPOBUHHM Ta CHHEPT€THYHUM €(DeKTaM y IUX MpOLecax.

PesyabraTu i o0roBopennsi. MOXIJIMBICTh OZHOYACHOTO TigpOii3y OiNKIB OCHOBHOI
M'SICHOI CHPOBHHU Ja€ MOXIIMBICTh MOIU]IKyBaTH OIOJOTiYHY HiHHICTH MPOAYKTY B
HIMPOKHUX Mexax. U He €JMHUM O0OMEXYBaJIbHUM (aKTOPOM TYT € 0i0NOoriyHa aKTHBHICTh
OKpEeMHUX aMIHOKHCIOT. YCi aMIHOKHCIOTH € OlONOriYHO-aKTHBHUMH PEYOBHHAMH 1
HaJMipHa iX KUIBKICTh y BUIBHOMY CTaHI NpH He30aJaHCOBAaHOMY CITIBBIJHOLICHHI 3
IHIIMMH MOK€ MaTW HEeraTWBHHUH BIUIMB. Lle MUTaHHS BiAHOCUTHCS CKOpIllle 10 MEIUKO-
OioyoriyHMX, TMpoTe Mae OyTH BpaxoBaHE NpPHU OIIHII W MOJAENIOBaHHI CKJIAAy Ta
(epMeHTaLlii HOBUX M'SICOMICTKHMX HPOAYKTIB. Pexumu depmeHranii cHpoBHHU MOXHA
BapilOBaTH y 4Yaci Ta MpOCTOpi. B 0aratbox BUIAIKax palliOHAIEHUM € 3aCTOCYBaHHS
OKpeMHuX TpoleciB Juisi (epMeHTalii pociuHHOI Ta M'SICHOI CHPOBHMHH, II00 YHHKHYTH
HaJMipHOTO MiKpOOi0JIOTiYHOr0 OOCIMEHIHHS Ta HaKJIaJAaHHs e(EeKTIB BIUIUBY Pi3HUX IPYII
¢epmenTiB. lle muTaHHS BapTO BUPINIYBATH Ui KOXHOI KOHKPETHOI pelenTypu Ta
(depMeHTHOT KOMOIHAIT OKpeMO, MPOTe OULIBII JOIIBHUM y 0araTboX BHIIQAKaX €
po3ineHe (epMEHTYBaHHSI M'SICHOI Ta POCIMHHOI CHPOBHHH 3 MOAAJIBIION 1HAKTUBAIIEIO
(epMeHTIB TP BHCOKHX TeMIleparypax 1 CKJIaJaHHsAM ¢apiry 3 iHaAKTHBOBaHUMU
¢depmenTamu. CuHepreTH4Hi e(peKTH MK PI3HUMHU BHIAMHU NPOTECONITHYHHUX (DEPMEHTIB
JIOCITIJPKEHO 3/1e01IbII0r0 TIIbKK Uil M'sICHOI cupoBuHHU. [lepedir npoueciB GepmeHTanii
TIPY BIUIMBI OJHOYACHO Ha M'SCHY Ta POCIIMHHY CHPOBHHY € MalloJOCIiKeHUM. Sk Oyino
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CKa3aHO BHWIIE, B 0araTbOX BHUMAJKaX Taki JOCHI)KEHHS HE € JOLUIBHUMH Yepes3
e(peKTHBHICTh PO3IUIbHOI (pepMeHTallii M'SICHOI Ta POCIMHHOI CHPOBHHH, MPOTE LIS
0araThbOX BUMAJKIB IIi CHHEPTEeTUYHI epEeKTH BapTO JOCITIAUTH.

BucnoBku. IIponecu depmenTarii Ta mporeoinizy y M’ sSCHIH CHPOBHHI MOXYTh OyTH
MPOBENEHI 13 3aIydeHHAM psAAy (EpMEHTIB SK HATypaJbHOrO, TaK 1 CHHTCTUYHOTO
noxokeHHs. depMeHTallisi POCIMHHOI CHPOBUHHM MOXKe OyTH IIpOBE/eHa MapajeibHO
(omHOUACHO) 200 PO3MEKOBAHA B YaCi Ta MPOCTOPI 3 (PEPMEHTATUBHOIO 0OPOOKOIO M’ SICHOT
CHPOBUHH.

KurouoBi ciioBa: v'sico, pepmenmayis, konacenasa, pepmenm, KOMRO3UYIsL.

CkJian i B1acTHBOCTI cyMinneil apaxicoBoi Ta COHSIIHUKOBOI OJTii

Banepiit ba6enko', Bomogumup Baxmau', Oxcana ITopociok'
Ipuna Jleuyk’, Onbra [omy6ens’, Cepriit [llkapy6a’
1 - Hayionanvnuii ynigeepcumem xapuosux mexwonociu, Kuis, Yxpaina
2 - 11 “Yxpmempmecmcmanoapm”’, Kuis, Ykpaina

Beryn. IlpoBemeni  JocmiDKEHHS — BJIAacTHBOCTEH  KymaxkiB 3 padiHOBaHHX
JIE30/I0POBaHUX apaxiCoBOI Ta COHSIIHMKOBOI OJii 3 METOI BIUIMBY HAa ITOKa3HUKHU iX
QHTUOKCHJIAHTHUX BJIACTUBOCTEH IPH BUBUEHHI KMCIOTHOTO i IEPOKCUIHOTO YHCEIL.

Marepianu i mMeromu. Bu3sHaueHHS IOKA3HHKIB POCIHMHHHMX OJIifl MPOBOIUIH:
KHCJIOTHOTO YHCIIa — TUTPOMETPUYHUM METOAOM, IIEPOKCUJIHE YHCIO — HOIOMETPUYHUM
METOJIOM, HOmHE 4YHcino — MeronoM Baiica. JKMpHOKMCIOTHHMI CKiTaj ITOCHIIKyBalIn
MeToJI0M ra3opimuHHOi Xpomarorpadii Ha xpomatorpadi Hewlett Packard HP-6890 i3
3aCTOCYBaHHSM KaIliisipHoi koinoHku HP-88.

PesynbraTn i 00roBopeHHsl. AHTHOKCHIAHTHI BJIACTUBOCTI POCIMHHUX OJIH
3aJexarh BiJl CKJIaly JKUPHHX KHCIOT, IIPUPOJAHUX BIIACTUBOCTEH 1 METOAY OJEpIKaHHS.
AmHani3 BMICTy )HPHUX KHCIIOT apaxicoBoi OJii MOKa3ye, 0 MICTHTh, 30KpeMa, OIN3bKO
60% oneinoBoi, 19% mnuHONMEeBOi Ta 9% NaNbMITUHOBOI >XHpPHUX KHCIOT. Criag i
BJIACTHBOCTI CyMilllell PeryJoIOThCsl CIiBBITHOIIEHHSIM apaxiCOBOTO Ta COHSIIHHUKOBOTO
oniit. Kucnorne wucio padinoBaHoi cosimHMKoBOI omii 30imbmmnacs 3 0,3 mo 0,6 mr
KOH/r mpotsirom 7 wicauiB 30epiranHs. Take 3pocTaHHS CBIIYMTH PO IIBHIKE
OKHCIIEHHS. 3OLJbIICHHS BMICTYy apaxicoBOoro wmacja B CyMilllaX IPH3BOJIUTH [0
301IBIIICHHS aHTHOKCUIAHTHOI cTiiKkocTi. [Tepokcuane uncio kymaxy (30% ta 70%) Oymno
MEHIIUM, HIXK IS COHSIIHMKOBOI omii Ha 25%. IligBMIEHHS KHCIOTHOI'O YHCIA IS
KyNnaky 3HauyHO MoBuIbHIIIE. 1{eif pe3ynbTaT MOSCHIOETHCS TUM, IO JJIS CKIIAAY KYHaxy
JIOCTaTHHO YAaCTKW MOHOHEHACHUYEHUX XUPHHUX KHCJIOT 3 apaxicoBoi oiii, 110 MICTHTH 10
60% >KMpHHUX KHCJIOT TOoJaBaHHs ciMeiicTBa omera-9.

BucHoBkH. 3 BHKOPHCTaHHSIM METOAY MAaTEeMAaTHYHOTO IUIAaHyBaHHS EKCIIEPUMEHTY
PO3pO0JIeHI ONTUMAITBbHI KyTaXki apaxicoBOI 1 COHSIIHUKOBOI padiHOBAHOI J€3010pOBaHOI
omiii. JloBeneHo e(eKT YIOBUIFHEHHS OKHCIIOBAIBHHX IpoleciB mis kymaxy 30:70
apaxicoBOi Ta COHSIITHUKOBOI OJTii.

KurouoBi ciioBa: apaxic, consumnuk, onis, cymiwt, cmadiibHiCms, KIiCMb.
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ABTOMaTM3aUis BUpO6HMUMX npoueciB

CuHTe3 podacTHHX B3a€MO3B'sI3aHMX cTadinizaTOpiB TypOoarperatiB Ha HYKPOBHX
3aBojax

IOmist Kyesna, Cepriii bantora
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Metoro nociiJkeHHST € pO3pOOJIEHHST METO/AY CHHTE3Y B3a€MO3B'SI3aHOIO
pobactHOro cHucTeMHOro crabimizaropa eneprocucremMu (IRPSS) s cucrem
€JIEKTPOIIOCTAYaHHS IIyKPOBUX 3aBOJIIB i3 BJIACHUMH TypOOTr€HepaTopamu.

Marepianu i metogu. J[ns ctBopenHs meronuku cunre3y IRPSS 3actocoByeThes
MaTeMaTU4HUK amapaT pobacTHOro H,-CMHTE3y 3 pO3MILEHHSIM TIIOJIOCIB, @ TaKOX
JMiHIHHUX MaTpuuHuX HepiBHocTed (LMI). VYV mpomeci mepeBipkd CHHTE30BaHOrO 3a
3alpPOIIOHOBAHOI0 ~ METO/MKOI0  peryjsiTopa IDIIXOM  YHCEIBHOTO  MOJIENIOBaHHS
BUKopHcTaHo nporpamuuii maker MATLAB Simulink.

Pesyabratn i obOroBopennsi. IloOynoBaHo MaTeMaTH4YHY MOJENb CHCTEMH
€JIEKTPONIOCTAYaHHSI 3 BIACHUM TypOOarperaTom, sika CKIaJacTbes 3 €JIEKTPUIHOI CHCTEMH,
TypOOreHepaTopa, peryisTopa aBTOMATHYHOrO 30y/DKeHHs, TypOiHM Ta perynsropa
mBHAKOCTI TypOiHM. Mogenb 00’€kTa KepyBaHHS Yy BHIJISII HENIHIHHOI cHCTeMHU
nudepeHIiaabHUX PiBHSHD JIHEAPU30BaHO Ta CIIPOIIEHO MUIIXOM 3MEHIIEHHS i1 MopsaKy
3a pomomoror Metony Illypa. CTBOpeHO pO3IMIMPEHY MOJEIb 3 OOpaHUMH BarOBHMU
(GYHKIISIMA 3 METOI0 3aCTOCYBaHHsSI Hpouenypu H,-cuHre3y. J[1s po3MilleHHsT HOMIoCiB
obpaHo perion LMI y Burisgl KOHIYHOTO ceKTOpa Uil 3aJ0BOJICHHS YMOB HHU3BKOI
KOJIMBAJILHOCTI TEPEXiJIHOrO IPOILECy, II0 € OCHOBHOIO METOH peryssropa, SKHi
CHUHTE3YETHCS JIJI ONTUMI3alii podoTn TypOoreHeparopa.

CunreszoBano IRPSS s posmmpenoi mopeni 3a AOMOMOror mpouenypu H-
CHHTE3y 3 PO3MillleHHsIM ToitociB. HaBexeHo Horo y BUINISAII HepeaaBajibHOI MAaTPUYHOI
HerepepBHOI (QyHKIII.

3MonenboBaHO mepexigHui  mporec  3-(ha3HOro KOPOTKOIO 3aMUKaHHS 32
TpaHcdopMaToOpoM i MOJATBIIOr0 ABTOMATHYHOI'O TOBTOPHOTO BKIIIOUEHHS 32 JOIIOMOTO0
HEJiHIHHOT Moieni moBHOro mopsAKy 3 IRPSS. ITopiBHSIHO 31 cTaHTAPTHUM CTa01Ii3aTOPOM
CHCTEMH Ta CHCTEMOIo 0e3 cralimizaTtopa NpH pi3HUX 3HAaYEHHSX Koe(illieHTa IMOCHICHHS
AP3 3a kananom Hanpyru. Otpumani rpadiku 3MOJETbOBAHHUX IEPEXiJHUX IIPOIECIB
nokasain eekTHBHICTh 3acTocyBanHs IRPSS.

BucHoBku. Po3pobiienuit meron cuntesy IRPSS moxe Oytm 3actocoBaHuil mms
onTuMizamnii podoTH TypOoarperara B CHCTEMi €JIEKTPONOCTaYaHHS IYKPOBUX 3aBOJIB 3
BJIACHUMH TEHEPYIOUMMH MOTYKHOCTAMH. CunTe3oBanuii IRPSS 3abesmneuye 3a10BiIbHY
CTIMKICTh Ta SKICTh KEpyBaHHsS JUI €] CTPYKTYpH €HEPrOCHUCTEMH, CYTTEBO 3HHKYE
PIBEHB €JIEeKTPOMEXaHIYHUX KOJIMBAaHb POTOpa reHepaTopa BiTHOCHO CUCTEMH.

KarouoBi ciioBa: pobacmuuii, pecyismop, cunmes, mypboceHepamop.

MeTtoau i aIrOpuUTMH KEePYBaHHSA €JIEKTPOCIOKUBAHHIM MiMPAEMCTB Xap4o0Boi
MPOMUCJIOBOCTI

Jlrommuna Konunosa, Cepreii bamtora, Oner MareHko
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina
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Beryn. TlpoenmeHi [OCHiDKEHHS IIPOIIECY KEPYBaHHS —EIEKTPOCHOKUBAHHIM
MiANPUEMCTBA  XapyoBOI  MPOMHKCIOBOCTI 3  METOI  IABHIIEHHS e(QEKTUBHOCTI
BUKOPHCTAHHS EJIEKTPOPECYpPCiB  HIIIXOM PO3pOOKHM METOIIB 1 alTOPHUTIB KEepyBaHHS
€JIEKTPOCTIOKUBAHHSIM.

Marepianu i merogm. Jlocni/keHHs BUKOHaHI Ha OCHOBI METOMIB CHCTEMHOI'O
aHaJIi3y MpoIEeciB KepyBaHHS.

PesyabraTtu i 06roBopeHHsi. AHaii3 Hpolecy KepyBaHHS EJIEKTPOCHOXUBAHHIM
mianpueMcTBa xap4oBoi npomucioBocTi (IIXII) maB 3Mory BH3HAQUWTH OCHOBHI €Tamu
npoliecy KepyBaHHs: 0a30Bi (YHKIT KepyBaHHS — PEECTpallisi CHOKUBAHHS €IEKTPUYHOI
eneprii (EE), npornozyBanust Butpar EE, pospaxynok Hopm Butpar EE, dbopmyBanHs
nepeniky crnioxuBadiB-peryistopiB (CP); ymoBu 3a0e3rnedeHHs (QYHKIIH KepyBaHHS —
inpopmanist npo Butpatun EE, oOMexeHHs Ta Tapudu, BUMOI'H O TOYHOCTI MPOTHO3Y
€JIEKTPOCTIOKMBAHHS; OpraHi3alliifHO-TeXHIYHI MeXaHi3MHU peajizauii QyHKIiHA KepyBaHHs
— iH(OpMaIliTHO-00YHCITFOBATLHUI KOMILIEKC, €HEeproJIucIeTIep, oneparop
TEXHOJIOTIYHOI'O TPOLECY, TOJOBHHW €HepreTuk; 0a30Bi iH(pOpMAIiiHI MOTOKH, SKi
3a0e3MeuyloTh KepyBaHHs E€JIEeKTPOCIIOKMBAHHIM — IPOTHO3HI 3HAYEHHS TeMIEpaTypH,
notouHi aaHi npo Butparu EE Tta Bumyck mpomykuii, npuiiHsTi pitneHHs no Burpati EE.
[IpencraBneni wMeromu 1 anropuTMH KepyBaHHs —enekTpocnoxkuBaHusM [IXIT 3
BukopuctanHsiMm CP.  Ilpu cTBOpeHHI MaTeMaTH4HOI MOJENi  IPOTHO3YBaHHS
enekrpocriokuBanHs [IXII BuKOpHCTaHO IMITYYHY HEWPOHHY MeEpPeXYy Yy BUIIIAIL
OararomrapoBoro mepcentpoHa. Jlis  HaBuaHHSA ~ IITYYHOI  HEHPOHHOI  Mepexi
BUKOPHCTOBYETbCS KOMOIHOBaHMI METOJ HAaBYaHHS Ha OCHOBI METOMY 3BOPOTHOIO
nommpeHHs noxuOku 1 Meroxy Komi. CdopmynboBaHi BHMOrH [0 OprasisauiiHo-
TexHIYHOTO 3abe3rnedeHHs yrnpaBiiHHs enekTpocrnoxuBanHsM [IXI1. Beranoieno, 1o 3
ypaxyBaHHSIM B3a€EMHOTO 3B 13Ky TEXHOJIOTIYHOT'O ITPOIIECY 1 TPOLIECy ENEKTPOCIOKUBAHHS
UL KepYBaHHS EJIEKTPOCHOKMBAHHAM HEOOX1JHO BUKOPUCTOBYBATH J1iaJIOTOBY CHCTEMY.

BucnoBok. KepyBanns  enexrpocnoxuBaHHaM  IIXII  mpoBomuthbcs 3
BUKOPHCTaHHSIM NPOTHO3HHMX 3HAY€Hb, OTPHUMAHHUX 3a JOIMOMOIOI INTYYHOI HEHpPOHHOI
Mepexi, OUIIXoM (opMyBaHHS ONTHUMAaJbHOrO cKkiangy croxuBadiB EE Ha ocHOBI
eBpUCTHYHOro ajiroputMmy. lle mae 3Mory 3a0e3neuuTH BHCOKY e(EKTHUBHICTH
€HEeprOBUKOPHUCTAHHS 1 BpaXxyBaTH 30MTKH, BUKJIMKaHI BifkimoueHHssM CP.

Knarwo4doBi  cinoBa:  enexmpoenepeisn, — Kepysamms, — CHONMCUBAHHA, — XaApHO6a
NpoOMUCTIOBICMb.

Bupinenns odnacreii ctiiikocTi JiHIHHUX TMHHAMIYHUX CHCTEM 3 IPOGOBUMHU
peryJsitopamu

Ouexciit JIo6ok', Bopuc T'onuapenxo', Jlapuca Bixposa®, Mapuna Cia’
1 - Hayionanvnuii ynieepcumem xapuosux mexwonociu, Kuis, Yxpaina
2 - [leumpanvnoyxkpaincoxuii HayionanbHuti mexuiunuil yHieepcumem, Kponusnuyvkuti,
Yxpaina
3 - Hayionanvnuii ynisepcumem 6iopecypcie ma npupoookopucmysannst, Kuis, Yxpaina

Beryn. TlpoBeneHi MOCTIKCHHS JHHIHHMX JMHAMIYHAX CHCTEM pETYJIIOBaHHS
npotiecy Oi0JOTiYHOro0 OYMIIECHHS 3a0pyqHEHOI BOAW APOOOBHMHU PETYISITOPAMHU 3 METOIO
BHUIUICHHS TpaHuIls D-o0iacTel iX MI00adbHOI CTIMKOCTI Ta BH3HAYCHHS IIPOCTOPY
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napameTpiB  HaJlalITyBaHHS ApPOOOBOrO peryisropa mnpH (IKCOBAaHHX —MOpPSIKaxX
nudepiHTerpaTopiB B HOro CKiiai.

Marepianu i metonu. BukopucroByroun meron D-po30UTTs, OTpUMaHi aHAIITHYHI
dbopMynH, IO BU3HAYAIOTH MEXKI 00JacTi Cridikoi craOumizamii cucremu "oO'ekt" +
"npoboBuit  PI* D" -perynaTop"  CTOCOBHO KepyBAaHHA OiOJOTiYHMM  OYHIIEHHAM
3a0pyAHEHHUX BOJI AKTUBHUM MYJIOM.

Pesyabratn i ofroBopennsi. CucreMu aBTOMaTHYHOTO KEPYBaHHS JIpOOOBOTO
MOPSAKY OLIBII TOYHO ONMHUCYIOTHCS TUHAMIYHUMU PiBHSHHSAMHU, B SIKMX TTOPSIIOK MOXITHUX
Moxe OyTH Oy/b-sIKUM YUCIIOM, HIMCHUM i1 He TinbkH winuM. [llupoko BUKOpHCTOBYBaHI B
MpakTHIli ~ aBTOMaTH3alii  [pONOpPLiOHANBHO-IHTErpaNbHO-Tudepentiansil  (PID-)
PEryNIATOPH TaKOX IMMANAAAI0Th IiJ IpoOOBe y3arajbHEHHs, SKIIO B iXHIH CTPYKTYpi
3aMiCTh 3BHYAWHUX IIJIOYMCETPHUX IIOXIIHUX Ta IHTErpajiB BUKOPUCTATH JpOOOBi
aHayioru. Perymsatopu IpoOOBOro MOPSIKY MO3HAYAKOTh K Pl ‘D" ne A m M — TIOPSOKU
iHTEerpyBaHHs 1 Au(epeHIIIOBaHHS CUTHATY MOXUOKH, IPUUOMY MOpSAKA A 1 4 MOXYTh
MaTH AiKcHI Heniti (IpoOoBi) 3HAYECHHSL.

Ha ocHoBi MeTony D-po30UTTsl OTpUMaHi aHATITHYHI (HOPMYJITH, SIKi OMHCYIOTh TPAHMII
rJ100aJbHOI  CTIMKOCTI JIHIWHUX JIUHAMIYHHUX CHCTEM JApoOoBoro mnopsaxy. OO6macri
crifikocti TOGYHOBaHi B MPOCTOpi MapaMeTpiB HaNmalTyBaHHA apoOoBux PI*D* -
perymsatopiB npu (ikcoBaHMX TopsAkax audepiHTerpatopiB. Po3poOiieHe BimmoBinHe
aITOPUTMIYHO-NIPOrpaMHe 3a0e3MeUeHH s, 0 pealli3ye 3alpOIIOHOBAHUH METO BHIIICHHS
obnacti crifikocti. HaBomsiTbess nmesiki pe3ynbTaTd OOYHCIIOBAaJIbHUX EKCIIEPHMEHTIB,
Ja€ThCs OliHKA eeKTUBHOCTI ApoboBoro PI*D* - perymaropa.

BucnoBok. Ha ocHoOBi meromy D-po30uTTst Oynm OTprMaHi aHANITH4HI BHpas3y, IO
OMUCYIOTh MEXI TJI00abHOI 00JIACTI CTIMKOCTI JIIHIMHUX AMHAMIYHAX CHUCTEM JPOOHOTO
TOPAIKY THITY «BXi-BUXiZ» 3 ApobHUME Pl D" -perynatopamu.

KarouoBi cioBa: cmitikicms, cucmema, Opib, noxiouna, immeepan, pezyismop, D-
po3oummsi, ougpepinmezpamaop.

l'iopuana ekcnepTHa cUCTeMAa MO/EJIOBAHHS pelienTypP MOPO3UBa

Haramnis bpeyc, Cepriii ['pubkos, ["anuna ITominryk
Hayionanvuuii ynieepcumem xapuosux mexuonociu, Kuis, Yxpaina

Beryn. Po3poGiieHo yHiBepcalbHy CHCTEMY MOJETIOBaHHS PELENTYp MOpO3WBa, sIKa,
Ha BIAMiHY BiJ TpaJMIiHUX, 3aCHOBaHa Ha 3aCTOCYBaHHI METOIB OOpPOOKH €KCHEPTHUX
JAaHAX 1 METOMIB ONTHUMI3alii, IO Ja€ 3MOry 3HaYHO DO3IIUPUTH KOJIO IPAKTUYIHO
3HAYMMUX 3aBJIaHb, BUPILIEHHS SKUX 3a0e31euye 3HAYHNI €KOHOMIYHUH eeKT.

Marepianu i Metomn. /[ cTBOpeHHs 0a3u JaHUX Ta 0a3W 3HaHb OyJa BUKOpHCTaHA
CYBA Firebird. [lns 3py4HOCTI pO3pOOKM CTPYKTypH Oa3u JaHMX BUKOPUCTAHO
mporpamuuii 3aci6 IBExpert. [{ns cTBopeHHs iHTepdelicy KOpHUCTyBada BHKOPHUCTaHO
1HTErpOBaHE CEPEOBHIIC PO3POOKH MporpaMHoro 3adesnedeHus Microsoft Visual Studio.

PesyabraTu i 06roBopenHs. ['iOpuaHa excriepTHa crUcTeMa MOJEIIOBAHHS PELEnTyp
MOpO3HBa CTBOPCHA IS YAOCKOHAJICHHS ICHYIOUHX a00 PO3pOOKH HOBUX BHJIIB MOPO3UBA B
IIMPOKOMY Jiarla30Hi 3MIHHM XIMIYHOTO CKJIaJy IUITXOM 3aCTOCYBAHHS IPHHIIUIIOBO HOBHX
(YHKIIOHAJIBHO-TEXHOJIOTIYHUX ~ iHrpemieHTiB. EkcmeprHa cucrema Jae 3Mory y
BUPOOHMYHMX YMOBax 3 MiHIMaJbHMMH BUTpPAaTaMH 4acy pO3paxOBYBAaTH ONTHMANbHI 3a
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XIMIYHUM CKJIaJIOM PEIENTYpU MOPO3MBAa T'apaHTOBAHOI SKOCTI 3 ypaxyBaHHIM HasBHOI
cupopuad. CdopMoBaHA B eKCIEPTHIA cucTeMi 0a3a 3HAaHb HAaNaCTh MOMKJIHMBICTH
MTOKPAIIUTH CTPYKTYPY XapuyBaHHs HACEJICHHS 32 PaXyHOK BUKJIIOUCHHS 3 PEIENTYPHOTO
CKJIaly MOpPO3MBa XiMiYyHO-MOAM(IKOBAaHMX 1 CHHTE30BaHHMX XapyoBUX J00aBOK Ta iX
3aMiHM Ha HAaTypaJbHi 010JIOTTYHO MMOBHOLIHHI IHTPEAIEHTH BITYM3HSIHOIO BUPOOHUIITBA.

BucHoBkH. BUKOpUCTaHHS €KCIIEPTHOI CUCTEMH y BUPOOHHYHMX YMOBaxX JacTh 3MOTY
MTOCTIHO OHOBJIIOBATU Ta HAKOIMYYBATH 3HAHHS EKCIICPTIB-TEXHOJIOTIB, SKi MPAIfOIOTh Y
nmaHiit coepi. IlocrifiHe HAKONMWYECHHS HOBHX 3HAHb IPO PEIENTYPU MOPO3UBO JacTh
MOJKJIMBICTH CTBOPIOBATH Ta PO3IIMPIOBATH MAPTHEPCHKI MPOrpaMH 3 BITYM3HIHUMHU I
3apyOKHUMH  IIANPUEMCTBAMH. EKCIDIyaTallis eKCIIEPTHOI CHCTEMH 3a0e3ICUuTh
CKOpPOYCHHS BUTPAT Ha MOJICITIOBAHHS HOBUX PELEHTYP MOPO3HBA.

Karwu4osi ciioBa: moposuso, peyenmypa, excnepm, cucmema, 6a3za 3Hamb, 6a3a OaHUX.

InHoBanilinMii ToKaJBLHUI MeTOA PeryJI0BaHHS 3MiHHOI HANIPYTH

Amnatoniii Ykpainenp, Bomogumup Illectepenko
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yrxpaina

Beryn. [linBummTi e)eKTHBHICTH CHCTEM €NEKTPOIOCTAYaHHS JOIIBHO IUISTXOM
IMITYJILCHOTO PEryJIIOBaHHS HAIIPYTH.

Marepianu i meTomu. ba3oBi acniekTi 1OCIHiIPKEHbh — HECUHYCOIAHICTD HANPYTH, IO
BIUIMBAE Ha SKICTh HANpyru B Mepexi. Bukopucrani psam ®Dyp'e mis mociiKeHb,
BHUKOPHCTOBYBaJIMCh MaTpU4Ha anredpa, Teopis rpadi, NOIOKEHHS Teopii aBTOMaTHYHOTO
KepyBaHHsL.

Pesyabratu i odroBopennsi. IlInsxu migBumeHHs epeKTUBHOCTI BUPOOHHLTB 3a
PaxyHOK 3HW)KEHHSI TEXHOJIOTYHUX BTPAT, BUKINKAHUX HESIKICHOIO HAIPYIoOlO JOCHIDKEHI.
Crioci0 TiJIBUIIEHHS SKOCTI HAmNpyrH — 3acTOCYBaHHS IMITYJIbCHOT'O PETrYJIIOBaHHS.
3acTocyBaHHSI HAIBIPOBIJHUKOBUX NPWIAAIB 03BOJISE YCYHYTH PSI HEIOJIKIB
MEXaHIYHOTO MEPEMUKAIOUYOr0 HPUCTPOI0 (HEBHCOKY IIBHIKOJII0, HHU3BKHU pecypc) i
3aJIMIIMTH OCHOBHY HOT0 IepeBary — CHHYCOiqHICTh (opMH KPHBOI HApyru. MOXIJINBICTh
3 JIOIIOMOT'OI0 HAIIBIIPOBIIHUKOBUX MPHUCTPOIB 3/1IHCHIOBATH KOMYTAILlil0 03 CIIOTBOPEHHS
CHHYCOITM Yy MOMEHT MepeXoly 4epe3 HyIb JI03BOJISIE YCYHYTH 1 TAKUW CYTTEBUH HEIONIK
MEXaHIYHUX [epeMHKadiB — JUCKpeTHicTh. Lle 1ae 3Mory BHWKOHaTH cTabinizatopu
Hanpyru Oyab-SKOTO CTYNEHs TOYHOCTI, 3aCHOBaHI Ha MPHHIMUIL JUCKPETHOT'O
pEeryaIoBaHHS IEpPEeMUKAHHSAM BIiAMaliok TpaHchopMmaTopa 03 pO3pHUBY CTpyMy 1
CIIOTBOPEHHST KPUBOI HAIIPYTH.

BucnoBku. Pe3ynbraté HOCTIDKEHHS pPEKOMEHIYEMO 3aCTOCOBYBATH 3 METOIO
TTiIBUIIEHHS €(DEKTHBHOCTI BUKOPUCTAHHS EJIEKTPOSHEPTi.

Kunro4doBi ciioBa: suinna nanpyaa, eapmonixa, enekmponocmaianis, peyiosanHs.
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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:
The title of the article
Authors (full name and surname)
Institution, where the work performed.
Abstract. The structure of the Abstract should correspond to the structure of the
artlcle (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).

L.‘“!\)._‘

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 myOuikye opuriHaabHi HAYKOBI CTaTTi, KOPOTKI
TOB1IOMJICHHSI, OTJISIZIOBI CTaTTi, HOBHHU Ta OTJISIIH JIITCPATYPH.

Temaruka nyonikaniii B Ukrainian Journal of Food Science:

XapuoBa iHKeHepis HanorexHosorii

XapyoBa xiMmist [pouecu Ta obsaHAHHS

Mixkpobiosnoris ExoHomika Ta yrpaBiiHHs

BrractuBOCTI Xap4OBHX MPOIYKTIB ABTOMaTH3AIlisI IPOLIECIB

SIkicTh Ta Oe3reka XapuoBUX MPOAYKTIB YnakoBKa Juisi Xap4OBHX MPOYKTIB
310poB'st

IepioguunicThb KypHaITy 2 HOMepH Ha Pik (YepPBEHb, IPY/ICHD).

PesysibpraT JOCHIKEHb, TPEJCTABICHI B JKypHaJli, NOBHHHI OYTH HOBHUMH, MaTH
3BSI30K 3 Xap4OBOIO HAYKOIO 1 MPEACTaBISATH IHTEpEC Ui MDKHAPOIHOTO HAyKOBOT'O
CITIBTOBAPHCTRA.

Ukrainian Journal of Food Science BxiroueHo 10 HAyKOMETpUIHUX 0a3:
EBSCO (2013), Universal Impact Factor (2014), Google Scholar (2013), Index Copernicus
(2014), Directory of Open Access scholarly Resources (ROAD) (2014)

Ukrainian Journal of Food Science BxiroueHo y nepenik HaykoBuX (paxoBHX BHIaHb
VYkpainu 3 TeXHIYHHX HAYK, B SKOMY MOXYTb ITyONIKYBaTUCS PE3YNIbTaTH AUCEPTAI[IHHIX
pobiT Ha 3700yTTSI HAYKOBUX CTYIEHIB JOKTOpa i kaHauaata Hayk (Hakxa3 MiHicrepcTBa
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 perieH3yBaHHs»
(peleH3eHT He 3Ha€, YMIO CTATTIO PEleH3YE, i, BIIIOBIJHO, aBTOP HE 3HAE PEIICH3EHTA)
JIBOMa BUCHHUMH, TPU3HAYCHUMH DPEAAKILIHHOI KOJIETi€l0: OJMH € WICHOM pPEeIKOJerii,
IHIIMH — HE3aJICKHUIN YUICHUH.

ABTOpCBHKe NMpaBo. ABTOPH CTaTeil rapaHTYIOTh, 1110 POOOTA HE € MOPYIICHHSIM OY/1b-
SIKUX ICHYIOUMX aBTOPCHKUX MpaB, 1 BIJIIKOJAOBYIOTh BUABIIIO MOPYIIEHHS JaHOI TapaHTii.
OnyOmnikoBaHi Matepiasu € npaBoBoto BiacHicTio Bunmasiysl «Ukrainian Journal of Food
Sciencey, SIKIIIO HE Y3rO/KEHO THIIE.

IMoaitnka axamemiunoi etukm. Penmakiiis «Ukrainian Journal of Food Science»
KOPHUCTYEThCS TPAaBUIAMH aKaJeMiYHOI €THKH, BUKIaJgeHUMH B mipaiii Miguel Roig (2003,
2006) "Avoiding plagiarism, self-plagiarism, and other questionable writing practices. A
guide to ethical writing”. Penmakmisi mpomoHye aBTOpaMm, peIEH3eHTaM 1 4YHhTadam
JOTPUMYBATHCS BUMOT, BUKIQJECHHX Y IIbOMY IOCIOHHKY, 00 YHUKHYTH HOMHJIOK B
o(opMIIEHHI 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

Yiienn pemrakuiiiHoi Koserii:

Anexkcanap IBaHOB, 1-p. TexH. HayK, npod., MOruIbOBCHKHI JIepiKaBHUH  YHIBEpCHUTET
IpoaoBoNIbCTBA, Pecybnika benapycs

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

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

AnToHeJa JIopoxoBHY, I-p. TEXH. HAayK, npod., Hayionanenuii ynisepcumem xapuosux mexnonoeit,
Ykpaina

lamuna Cimaxina, g-p. TexH. Hayk, npod., Hayionanohuii ynigepcumem Xapuosux MmMexHonoeil,
Ykpaina

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

IBan Manexuk, 1-p. TexH. Hayk, npod., Hayionanvhuii ynisepcumem Xapyo8ux mMexHonoeit,
VYkpaina

JliBiy I'auey, 1-p, npod., Tpancineeanceruii ynisepcumem bpawiosa, Pymynis

Muxona CuueBCbKHI, 1-p. €KOH. HayK, Ipod., [ncmumym npodosonvuux pecypcie HAAH Vkpainu
Mapxk Ilamusin, kaHg. TexH. Hayk, nou., Canxm-IlemepOyp3vkuii OepoicasHull mexHono2iynuil
incmumym, Pocis

Ounexcanap Cepborin, 1-p.TexH. HayK, npod., Hayionanvhuil ynieepcumem xapyogux mexmonocit,
VYkpaina

Harania Cxonenko, 1-p. eKoH.HayK, Hayionanvhuil yHisepcumem xapuoeux mexuonozit, Ykpaina
Ounexcanap lleBuenko, 1-p.TexH. HayK, npod., Hayionanehuii ynieepcumem xapuogux mexnonoeit,

Ykpaina
Ounena I'paGoBcbka, 1-p. TexH. HayK, npod., Hayionanvuuil ynisepcumem xap4osux mexmonoeit,
Ykpaina
Onaena Cojoryd, n-p. exoH. Hayk, npod., Hayionanvhuil yHnigepcumem Xap4o8ux MexHon0eil,
Ykpaina

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

Tersina [Tupor, 1-p. 6ion. Hayk, npod., Hayionanvnuii ynieepcumem xapuosux mexnonocii, Ykpaina
Ounexciit ['yGenst (BiqoBianbHUIA cekpeTap), KaH. TeXH. HAyK, 1oL., Hayionanvhuil ynigepcumem
Xapuosux mexnonoei, Yxpaina.
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Bumoru 10 opopMiieHHs cTaTel

Mosga cratTi — aHrJiiicbKa.

PexomennoBanuii odcsr cratri — 815 cropinok (mns orisimoBux cratedt — 20-30
cTopiHoK) popmary A4.

CraTTs BUKOHYETBCS B pefakTopi Microsoft Word 2003 B dopmari *.doc.

s Beix (1) enementiB crarti mpudt — Times New Roman, kerib — 14, inTepBan —
1, a63air — 1 cm.

CtpykTypa cTaTTi:
1. Ha3Ba cTaTTi.
2. ABtopu cratTi (iM’s Ta Ipi3BUILE NOBHICTIO, Mpukiay;: [lenuc O3epsiHKO).
3. Yemanoea, 6 sxiil suxonana poboma.
4. Awnoranis. PexomeHnoBaHMH 00csAr aHoTamii — IiB CTOPIHKH. AHOTAIlisl ITOBUHHA
BIJIMOBIIaTH CTPYKTYpi CTAaTTi Ta MicTHTH po3finu Berynm (2-3 psaxu), Matepianu i
Meronu (mo S5 psakiB), Pesymbratn Ta oOroBopeHHs (IiB cropiHku), BucHoBku (2-3
PAIKH).
5. Kirouosi cioBa, 3—5 ciiiB, ajie He CIOBOCIIONYYeHS (!).
IIynkTu 1-5 BUKOHATH aHIIiHCHKOIO | YKPaiHCHKOI0 MOBAMM.

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

— Beryn

—  Marepianu Ta MmeToau

—  PesynbraTi Ta 00roBOpeHHs

—  BuchoBku

—  Jlireparypa.
3a HeoOXiqHOCTI MOXKHA JTOAABATH iHIII PO3/iNIK Ta PO30MBATH IX Ha IiIPO3ALIH.
7. ABropceka nosinka (IIpizBuie, iM’st Ta 0 OaTHKOBI, BUSHUH CTYIiHb Ta 3BaHHS, MiCIle
pobotH, eleKTpoHHa aapeca abo TenedoH).
8. KoHTakTHI JaHi aBTOpa, 10 SKOr0 32 HEOOXITHOCTI Oy/ie 3BEpTaTUCh PENaKIIis KypHAILY
(TenedoH Ta eNEKTPOHHA ajapeca).

Po3mip TekcTy Ha pHCyHKax NMOBHHEH OyTH cHiBPO3MipHUM (!) OCHOBHOMY TEKCTY
crarTi. CKaHOBaHI PUCYHKH HE MTPUHMAaIOThCS.

®on rpadikis, miarpam — gumie Oinuid (). Koxip enemeHTiB pucyHKY (JIiHii, CiTKa,
TEKCT) — JIUIIIC YOPHUM (HE Cipuii).

Opurinanu pucyHkiB (daiinu rpadiuHux penaxkTopiB), a Takox ¢aiiam ¢dopmary
EXCEL 3 rpadixamu 000BsS3KOBO MOAAIOTHCS B OKpeMHX (aiinax.

dororpadii Ta KOIBOPOBi 300pakeHHs 0aXKaHO HE BUKOPUCTOBYBATH.

CkopoyeHi Ha3zBu (I3MYHMX BEJIMYMH B TEKCTI Ta Ha rpadikax I[03HAYAIOTHCS
JIATUHCHKUMH JIiTepaMH BiAnoBigHo 10 cucremu Cl.

B crniicky niteparypy OBHHHI IEpeBaXkaTu CTAaTTi Ta MOHOTrpadil iHO3EMHUX aBTOPIB,
siki omyostikoBaHi 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 JHCypHALy 8 {PpicypHux

OYIHCKAX MOJICHA OAMU NEePeKIA) AH2IIUCbKOI0 MOBOIO }.

—

IHocni1aHHS HA KHUTY

ABTopu (pik), Hazea knuzu (kypcueom), Bunasuunrso, Micto.
Bci enemMeHTH MicCis pOKY BUIAHHS PO3IIISIFOTECS 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 cTATTi, OPUriHAT SIKOI YKpPaiHCBKOI0 a00 PpocilicbKO0I0

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 bacicanns nicis mpanciimepoganoi HA36U KHUSU 6 {pieypHux OYHCKAX MONCHA

oamu nepexiad aHiiticbko MOBOI0}.
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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 BkasyeThcst eleKTpoHHA 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

346 —— Ukrainian Journal of Food Science. 2017. Volume 5. Issue 2



Contents of Volume 5
Year 2017

Food Technologies
Issue 1

Georgiy Yeresko, Galina
Cherednichenko,

Svitlana Bondar, Sergii Verbytskyi
Effect of raw materials nomenclature
and their temperature upon safety and
quality parameters of mechanically
separated poultry meat

Viktoriia Bondareva, Oleg
Miroshnikov, Oleksii Muratov,
Maryna Kolesnik

Obtaining and study of the effect of
liposomal solution of the follicular
chicken eggs' extract on the quality of
bread

Tetiana Romanovska, Mykola Oseiko
Aspects of wet wool cleaning

Natalia Popova, Taras Misyura,
Albina Rybachok, Valentyn Chornyi
Investigation of the extraction process
of spicy aromatic raw materials in the
production of bitter tinctures

Oleg Kuzmin, Vasil Pasichnyi,
Kateryna Levkun, Anastasiia Riznyk
Determination of the factor space of
the process of extrusion of sausage
products.

Olena Podobii, Maryna Ladonko
Optimization of the recipe of
toothpaste by carrageenan addition

—— Ukrainian Journal of Food Science. 2017. Volume 5. Issue 2

Instructions for Authors

17

25

32

54

63

3micT TOMY 5
2017 pik

Xapuosi TexHonorii
N1

Teopeiii €pecovro, I'anuna
Yepeoniuenxo, Ceimaana bonoap,
Cepeiii Bepouywvkuti

3aJIeKHICTh TOKa3HUKIB OE3MIEYHOCTI Ta
SIKOCTI M’sca IITHILI MEXaHIYHO
BiJIOKPEMJICHOT'0,Bi]] BHLy CHPOBHHH 1 ii
TEeMIIepaTypH MpH 3iHCHEHH]
cermapyBaHHS

Bixmopis bondapesa, Onee
Mipowmnukos, Onexciti Mypamos,
Mapuna Konecrnuk

OTpuMaHHs Ta JOCIIKCHHS BIUTUBY
JIIIOCOMHOT'O PO3YUHY EKCTPAKTY
GONIKYIAPHUX SEIL KypSUUX HA SIKICTh
XJIIOHUX BUPOOIB

Temsaua Pomanoscoxa, Muxona Ocetiko
ACTIEKTH MOKPOI'O OYHIIICHHS BOBHU

Hamania Ilonosa, Tapac Muciopa,
Anvbina Pubauok, Banenmun Yopruii
JlocmipKeHHS TPOLECY eKCTparyBaHHS
MPSHO-aPOMATUYHOI CUPOBUHH MIPH
BUPOOHHUITBI TPKUX HACTOSHOK

Onez Kyzvmin, Bacunw Tlaciunuii,
Kamepuna Jleexyn, Anacmacis Piznux
Bu3HaueHHs (paKTOPHOIO IPOCTOPY
MpOIIeCy MITPHITFOBAHHS KOBOACHUX
BUPOOIB

Onena Ilooobiti, Mapuna Jlaoonwvko
Onrtumizaiis peuentypu 3yOHoOT macTH
IIUIIXOM BBEACHHS KapariHaHy

347



Iryna Kalugina, Julia Kalugina
Structural and mechanical properties 72
of the jostaberry jelly

Oksana Shulga, Anastasia Chorna,

Sergii Shulga 82
Influence of edible coatings on rye

and rye-wheat bread quality

Irina Dietrich, Oleg Kuzmin,

Viadlena Mikhailenko 92
Comprehensive evaluation of the hot
sweet soufflé dessert quality

Iryna Ditrich, Valeriia Moiseieva
Impovement of some functional
properties of cookies with added
natural components of pumpkin and
chia

103

Issue 2

Iryna Lupekha, Olena Podobii
Impact of pumpkin as a nutritional
supplement on the physico-chemical
and organoleptic characteristics of a
puncake

186

Inna Lych, Serhii Veriovka, Anna
Zayarnyuk

Determination of molecular weights
of biologically active fragments of
colostrum by electrophoresis method

197

Mykola Oseiko, Tetiana Romanovska
Resource saving wool washing
technology

207

Amelia Buculei, Paulina Turcan
Effect of natural dye from beetroot
juice on antioxidant properties and
nutritional values of fondants

217

348 —— Ukrainian Journal of Food Science. 2017. Volume 5. Issue 2

Instructions for Authors

Ipuna Kanyzina, FOnis Kanyeina
CTpyKTypHO-MEXaHI4HI BIIaCTUBOCTI
JKeJle 3 HOLITOr

Oxcana llynvea, Anacmacis Yopua,
Cepeiii LLlynvea

BruimB icTIBHOTO TOKPHUTTS Ha SKICThH
YKUTHBOT'O 1 JKUTHBO-IIIIICHUYHOTO XJ1i0a

Ipuna Jlimpix, Onee Kyzvmin, Braonena
Muxaiinenxo

KomrmnekcHa olliHKa SIKOCTi rapsioi
COJIOZKOI cTpaBH cydiie

Ipuna /limpix, Banepis Moicecsa

Y IOCKOHAJIEHHST OKPEMUX
($yHKIIOHATBHUX BIACTHBOCTEH
MICOYHOTO MeYnBa 3 JI0JIaBaHHIM
HATypaJbHUX KOMITOHEHTIB rapoysa i
gia

N2

Ipuna Jlynexa, Onena I1o0006iti
Brutus rap0Oy3a sik Xap4oBoi 100aBKH
Ha (Qi3UKO-XIMIUHI T2 OpraHONENTHYHI
XapaKTePUCTHUKHU KEKCiB

Iuna Jluy, Cepeiti Bepvoera, Anna
3aspniok

BusHayeHHST MOJIEKYIISIPHUX Mac
010JI0TIYHO aKTUBHUX (PparMeHTiB
MOJIO3MBa METOJIOM elleKTpodopesy

Muxona Oceiixo, Temana Pomanosecoka
Pecypcooinaasa TeXHOIOrsI METTS
0BEYO1 BOBHH

Awmenis Bykyneit, [laynina Typkan
Bruiue HaTypanbpHOro OapBHHKA i3
OypSIKOBOT'O COKY Ha aHTUOKCHIAHTHI
BJIACTUBOCTI 1 Xap4oBY MiHHICTh
TIOMaJI0K




Dmytro Garmash, Vasyl Pasichnyi
Features and prospects of using
collagenase-containing enzyme
compositions in the meat-based
products technology

231

Olayinka Ramota Karim, Samson
Adeoye Oyeyinka, Ibukunoluwa
Olawuyi, Olaide Akinwunmi
Akintayo, Moses Olapade

Effect of processing conditions on
chemical composition and consumer
acceptability of cocoyam (colocasia
esculentus) elubo

239

Valerii Babenko, Volodymyr
Bakhmach, Oksana Porociuk, Iryna
Levchuk, Olga Golubets, Sergii
Shkaruba

Composition and properties of peanut
and sunflower oil blends

249

Processes and equipment
of food productions

Issue 1

Vitalii Rachok, Volodymyr Telychkun,
Yuliya Telychkun

Investigation of the yeast dough
mixing process at different rotational
frequency of the mixing blade

111

Zhanna Petrova, Kateryna
Slobodianiuk

Energy effective drying modes of
soy-vegetable compositions

122

—— Ukrainian Journal of Food Science. 2017. Volume 5. Issue 2

Instructions for Authors

Jmumpo I'apmaw, Bacuno Ilaciunuii
Oco0arBOCTI Ta MEPCIIEKTHBH
BHUKOPHUCTaHHS KOJIJIAr€Ha30BMICHUX
(hepMEHTHUX KOMIIO3HUIIIH y TEXHOJIOTiT
M'SICOMICTKHX MPOAYKTIB

Onaiinika Pamoma Kapum, Camcon
Aoeoi Octiinka, loyxynonysa Onaegyi,
Onaio Axinynmi Axunmaiio, Mosec
Onanaoe

Bruine ymMoB 00p0o0OKH Ha XiMIUHUI
CKJIAJ] 1 CIO)KMBAYl XapaKTepPHCTHKA
KOKOCoBOro (colocasia esculentus)
eny0o

Banepin babenxo, Borooumup baxmau,
Oxcana Ilopociox, Ipuna Jlesuyx,
Onvea Ionybeysw, Cepeitl LLxapyba
CxJiaJ] Ta BJIaCTHBOCTI CyMillIei
apaxicoBOl Ta COHSIIHMKOBOI OJIiT

Mpouecu Ta o6s1agHaHHA
Xap4yoBUX BUPOGHMUTB

N1

Bimaniii Pauox, Borooumup Tenuuxym,
fOnia Tenuuxyn

JlocmimKeHHS TPOLeCY 3aMilllyBaHHS
JPIXKKOBOTO TICTa 33 Pi3HOT YaCTOTH
0o0epTaHHs MICHJILHOI JIONATH

Kanna Ilemposa, Kamepuna
Crnoboosniox

EneproedexTHBHI peXxUMH CYIIIHHS
COEBO-OBOUYEBHMX KOMIO3HIIIH

349



Automation of Food Processes

Issue 2

Yuliia Kuievda, Sergii Baliuta
Synthesis of robust interconnected
power system stabilizers for turbine
generators in sugar factories

Liudmyla Kopylova, Sergii Baliuta,
Oleg Mashchenko

Methods and algorithms of food
industry enterprises electrical energy
consumption control

Oleksii Lobok, Borys Goncharenko,
Larysa Vykhrova, Maryna Sych
Isolation of domains of stability of
linear dynamic systems with
fractional regulators

Natalia Breus, Serhii Hrybkov,
Galyna Polischuk

Hybrid expert system to model the ice
cream recipes

Anatoliy Ukrayinets,

Volodymyr Shesterenko

Innovative local control of alternating
voltage

350 —— Ukrainian Journal of Food Science. 2017. Volume 5. Issue 2

Instructions for Authors

256

267

283

294

305

ABTOMAaTH3a1liA BHPOOHMYHX
npoiecis

N2

fOnis Kyesoa, Cepeiti barioma
CuHTe3 poOaCTHHX B3a€EMO3B'SI3aHUX
crabinmizaTopiB Typboarperaris Ha
IyKPOBHX 3aBOJIAX

Jhoomuna Konunosa, Cepeeti bantoma,
Onez Mawenxo

Meroay 1 anrOpuTMH  KEepyBaHHS
CIIEKTPOCIIOKUBAHHSM IIANPUEMCTB
Xap4OBOI IPOMHUCIIOBOCTI

Ornexcitl Jloboxk, bopuc T'onuapenko,
Jlapuca Bixposa, Mapuna Cuu
Buninenns obnacreil cTiiKkocTi
JIHIAHUX JUHAMIYHAX CUCTEM 3
JpOOOBUMH PETYISITOPAMH

Hamania bpeyc, Cepeiii I pubxos,
T'anuna Ioniugyx

I'iOpuaHa excriepTHa cucTemMa
MOJIETTIOBAHHS PELENTYp MOPO3UBa

Anamoniu Yrkpaineyo,
Bonooumup Illecmepenko
IHHOBALIIHNI JTOKAIBHUI METO/T
peryJIroBaHHS 3MIHHOI HAITPYTH




HayKOBe BUJIAHHSA

Ukrainian Journal of Food Science

Volume 5, Issue 2 Tom 5, Ne 2
2017 2017

Pexomenoosarno Buernoro padoro
Hayionanvnuoco ynisepcumemy
Xap4oeux mexHonozii
IIpomoxon Ne 7 6io 28.12.2017 p.

Anpeca pepakuii: E-mail:
HartionanbHuiA yHIBEpCHTET XapyOBHUX TEXHONOT1H Ukrfoodscience@meta.ua
Byn. Bononumupceeka, 68
Kuis
01601
Vkpaina

[Miam. mo apyky 15.01.2018 p. @opmat 70x100/16.
O6m.-Bux. apk. 13.35. ¥Ym. npyk. apk. 13.96.
IapuiTypa Times New Roman. JIpyk odceTHumi.
Haxman 100 mpum. Bug. Ne 031/18.

HVYXT 01601 Kuis-33, Byn. Bonogumupceka, 68

CBiJIOITBO PO JEPKaBHY PEECTPALIi0
JPYKOBAHOTO 3ac00y MacoBol iH(popmMarii
KB 19324-9124P
Bunane 23 numus 2012 poky.



