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Introduction. Studies have been conducted to determine the
effect of adding chitosan to a malted meat product with
mechanically separated poultry meat.

Materials and methods. It is studied the technology of
sausages with adding to the composition of poultry meat
mechanically, serum protein concentrate, soy protein
hydrated protein, animal protein, serum protein and
developed protein-mineral  carbohydrate  supplement.
Determination of amino acid composition was conducted in
accordance with the method of ion exchange chromatography.

Results and discussion. Boiled sausage with a protein-
mineral-hydrocarbon additive has higher consumer
properties compared to control samples. The moisture
content of minced meat which has been added to the chitosan,
namely the soy protein, animal protein, serum protein, and
protein-mineral-hydrocarbon additi. increases by 10-15%,
which enables to increase the yield of the finished product
and plan the product properties after the completion of the
technological stages of production.

The addition of protein-mineral-hydrocarbon additi.in
the amount of 10% in hydrated state positively affects the
technological properties, it provides support for moisture, fat
during the heat treatment process, which is important when
used in the technology of boiled smoked products.

Cooked sausages has a balanced amino acid
composition compared to control. In cooked sausages it is
observed higher levels of valine (0.8%), lysine (by 0.91%),
methionine (at 0.10%), threonine (at 0.54%), alanine (at
0.54% ), aspartic acid (to 0.65%) and glycine (at 0.59%)in
comparing with the control sample.

Conclusions. Chitosan when interacting with any animal
protein increases the moisture content of the finished product
10-15%. Boiled sausage with mechanically separated poultry
meat and protein-mineral-hydrocarbon additi has a well-
balanced composition, it has high consumer properties and
can be attributed to complete nutrition by content of essential
amino acids.

6
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Introduction

Due to the shortage of meat raw materials, proteins of plant and animal origin are widely
used. These additives are used in the manufacture of all kinds of meat products, including
delicacies, boiled smoked and smoked products. This tendency persists, which contributes to
the expansion of the range of proposed additives, to improve their functional properties and
to increase the level of safety, one of the criteria of which is the use (application) of
genetically modified raw materials (Huang et al., 2011; Bou et al., 2009).

Proteins occupy an important place in the living organism, both in content in the cell and
in the sense of life. Their share accounts for about 18% of human weight. Protein is an
indispensable part of food and basic life. Soy and animal proteins allow you to make an
equivalent replacement of non-sufficient precious raw materials (Richardson, 2002).

Meat from important food is the only source of valuable protein, which is an average of
18.0%, which is a nutritional value of the first category. Depending on the species, the
anatomical part of the animal, fattening, age, animal breeds, the protein content of the meat
can vary from 11.0% to 22% (Pefia et al., 2009; Hutchison et al., 2012). Among the proteins
of the meat isolated connective tissue and muscle, which are divided into myofibrillary and
sarcoplasmic. The nutritional and technological value of meat is higher, the more muscle
tissue in it, the proteins of which belong to high-tech and high-tech.

Among vegetable proteins, soybean is most widely used. It is designed to reduce the cost
of finished products and stabilize the formulation. Animal proteins have a diverse origin
(collagen, milk, blood plasma, etc.), which causes a variety of technological processes and a
wider range of applications than soya analogues.

The aim of the presented research is to improve the technology of producing cooked
sausages, balanced by the mechanically separated poultry meat and protein-hydrocarbon-
mineral additive amino acid composition

Materials and methods

Materials for research were selected technology of cooked sausages with the addition of
concentrate of serum protein (KSP), protein soy hydrated, animal protein, serum protein and
protein-mineral-hydrocarbon additi. Chemical and physico-chemical methods of research
were used in this work.

The articles of research are both new foods, selected to consideration in this work and
industrial foods that is already used:

Methods, that allow to describe chemical composition, food and biological value,
organoleptic, functionally-technological, structural and mechanical and economic indexes of
research objects, were used in the process.

The sensory evaluation of quality of sausage products and ready-to-cook foods came
true on a 5-ball scale.

A sensory estimation came true in a next sequence (Alison et al., 2011):

— original appearance — by a structure, by a picture on a cut, by even distribution of pieces
of mushrooms in stuffing, by the type of shell;

— acolor — by sight on the cut of intermediate product;

— a smell (aroma), taste and succulence — absence or presence of extraneous smell,
aftertaste, degree of expressed of aroma of spicinesses and salinity determined;

—  consistency — by pressing on good.

—Ukrainian Journal of Food Science. 2018. Volume 6. Issue 1 — 7
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The water absorption capacity of the products was determined using a stainless steel
mesh cabinet, the bottom and walls of which were covered with filter paper to prevent product
losses. The glass was moistened with water, which was allowed to stretch for 20 minutes and
then weighed. After that, 3 g of the sample was introduced into the glass, kept for 20 minutes
in such a way that the upper level of the test sample placed in the glass was below the liquid
level by 8-10 mm. After 20 minutes, the glass was removed from the water, held for 20
minutes for drainage and weighed (Weiss et al., 2010; Hoffmanm and Wiklund, 2006).
Calculation of VAC (in% to dry balance) was carried out according to the formula:

x=_2_To=Th 4q¢ @
m, -(100—W)

where m,— mass of the glass with the object under investigation after swelling in water, g;
mo— weight of a glass with a humidified sleeve, g;
mn — weight of weight loss, g;
W — mass fraction of moisture in the investigated object, g.

Determination of amino acid composition was conducted in accordance with the method
of ion exchange chromatography. Quality and quantitative determination of components
consisted in dividing of them into separate components after the hydrolysis of proteins and
determination of their quantitative estimation with the help of automatic analyzer of amino
acids as T-339. Productions of firm "Mikrotechna”, on polystyrene sulfonate ion exchange
resins of "Ostion LJ ANB" in Li- citrate buffer one column mode (Peshuk and Galenko, 2011,
2014). The elutions of amino acids from a column conduct in turn by Li- by citrate buffers
from pH 2,75+0,01; pH 2,95+0,01; pH 3,2+0,02; pH 3,8+0,02; pH 5,0+0,2. Amino acids
rectifying with the help of solution of ninhydrin on a running photometer at a length of waves
by 560 um. The results of detection was registered oneself by a variplotter on a paper in form
the peaks of absorption of light of ninhydrin-positive substances in an eluate, that in number
in direct ratio concentrations of this substance in solution. Correlation of solution of
ninhydrin reagent and eluents is 1 to 2; temperature of thermostatic T1=38,5 °C; T= 65 °C.
The prototype was diluted in Li-citrate buffer by pH 2,2+0,02 and inflicted on a ion exchange
column with the help of metering device. The quantitative estimation of xpomarorpam of
pre-production model settles accounts in relation to standard mixture of amino acids of firm
BioRaD. The amount of milligrams of every amino acid of Ai in the investigated solution
calculates on a formula:

A=, )

s?

where A; is mass part of i-th amino acid, mg/ 100 g of protein;

M; is molecular mass of i-th amino acid,;

S; is area of peak of i-th amino acid on an aminogram from the investigated solution;

S? is an area of peak of i amino acid on an aminogram from solution of standard mixture of
amino acids, that accords to one micromole.

8 ——7Ukrainian Journal of Food Science. 2018. Volume 6. Issue 1



Food Technology ——

Results and discussion

Consequently, it was selected as the main recipe components for the development of
boiled sausages of balanced amino acid composition: poultry meat, mechanically separated
poultry meat (MSPM), PMHA in the amount of 10%, milk powder, eggs, and spices. We
conducted a determination of the level of introduction of poultry meat, MSPM, PMHA in an
experimental way, namely the method of selecting the optimal from the point of view of both
sensory, and the nutritional and biological value of the developed meat product. Different
combinations of supplements were introduced into the experimental formulations: soy
protein, animal protein, hydrated whey protein, soy protein, animal protein + chitosan, serum
protein + chitosan, PMHA + chitosan Ne 1 and Ne 2, SPC + chitosan, SPC, and PMHA. The
developed formulations are presented in Table 1 (Peshuk and Galenko, 2011).

Table 1
Recipes of developed sausage wares
= § 18 | = |«
g 21212 |2
g s E|E|< |55 5|5|¢8
g sl |||t |+ |88 <
s Elg|2|s|8 |8 8|5 |5)5|5| 3
z SlzlE|B|&|8|8|x]]d &
[ wnlE| BN =2 e | <« < | &
o < | 5 < E |2 || w
> £ 2 = =
T c ) A A
< (%)
Name of raw material kg per 100 kg of raw material
Poultry 63 | 58 | 58 | 58 | 58 | 58 | 58 | 58 | 58 | 58 | 58 | 58
MSPM 30| 25|25 | 25| 25 | 25 | 25 | 25 | 25| 25| 25 | 25
Eggs 3 31313 3 3 3 3 31313 3
Milk is dry 4 14 14| 4 4 4 4 4 4 | 41 4] 4
Serum protein 10 | 10
concentrate
Soy protein is hydrated 10 10
Animal protein is 10 10
hydrogenated
Wheat protein 10
PMHA 10 10 10
Spices and materials, g per 100 kg of unsalted raw materials
Chitosan | | | 200 | 200 | 200 | 200 | | | |
Salt 2200
Pepper is black 150
Phosphates 300

The general mandatory requirements for the quality of finished products are: high
sanitary and hygienic status, organoleptic parameters, the level of nutrient balance with
reduced energy value. Therefore, the next stage of the research was devoted to the
comparative assessment of physico-chemical, biological, functional and technological
indicators of finished products in comparison with the control sample of cooked sausage
made in accordance with the standard (Peshuk and Galenko, 2014).
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Proteins that are additionally introduced into the meat system affect the stabilizing effect
of meat products, since meat products must have certain consumer properties: be juicy,
tender, with distinct chewing ability and density.

MSPM has an elevated pH (6.8-7.0), which reduces the microbial stability of the raw
material during storage. It is an inexpensive protein component of the recipes of semi-
finished, boiled and smoked sausages. The high content of calcium ions contributes to the
deterioration of the functional and technological properties of MSM, which negatively affects
the stability of albuminous fat emulsions in the formulation, which can lead to the appearance
of soup-fatty stomachs. Therefore, when using poultry meat in the formulation at the same
time it is necessary to make stabilizers and emulsifiers.

Considering the functional and technological properties of minced meat systems,
important of which are pH, water-binding ability (WBA), stability during storage, is of great
importance when developing the technology of meat products. The quality of the water-
binding ability of meat depends on the quality of processing. The use of meat with a low
WBA leads to significant losses of moisture and water-soluble proteins during heat treatment,
which significantly reduces the quality of finished products.

Therefore, we have previously conducted a comparative analysis of functional and
technical indicators of forages systems to evaluate the technological properties of developed
sausage products (Figure 1).

95
90 3 JI N -

] m Mass fraction of moisture,
85 — —: — o

80

ElMoisture-making ability, %

75

70

OMoisture-retaining ability,

65 %

60

Figure 1. Functional and technical indicators of minced meat systems

From the conducted studies it was found that when the chitosan is added to the PMHA,
the pH changes slightly in the alkaline side, which should increase the hydrophilicity of the
meat proteins, which will increase the water-binding ability of the minced meat. Thus, the
finished product will be more juicy and with better consumer characteristics.
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It has also been established that the moisture-retaining ability of the minced meat
containing chitosan, in particular, the soya protein, animal protein, serum protein and PMHA
values increases by 10-15%, which enables to increase the yield of the finished product and
plan the properties of the product after completion of technological stages of production
(Hutchison et al., 2012).

The next stage of the research was the definition of functional and technological
indicators of the finished product. In samples of sausage products with chitosan there is a
slight change in pH in the alkaline side, which, as predicted, contributed to the increase of
the hydrophilicity of meat proteins and, consequently, the increase of water-binding ability
of minced meat, resulting in the finished product obtained more juicy (Table 2).

Table 2
Physico-chemical properties of cooked sausages
Sample Indicators
pH | Mass fraction of moisture, WBA%, to total
% moisture

Control 7,05 73,97 95,46
Soy protein 7,01 73,60 90,68
Animal protein 7,01 76,41 82,30
Serum protein 6,90 74,70 88,12
SPC 6,92 74,80 88,76
PMHA 6,91 75,60 91,30
Soy protein + chitosan | 6,95 74,20 90,57
Animal protein + 6,86 77,30 91,20
chitosan

Whey protein + 6,85 75,10 92,17
chitosan

SPC + hitosan 6,93 75,40 91,57
PMHA + hitosan 6,94 75,60 91,48

The conducting of studies water-binding ability (WBA) has shown that the introduction
of PMHA in the amount of 10% in hydrated state positively affects the technological
properties of minerals to retain moisture and fat during the heat treatment, which is important
when using the technology of cooked sausages. A slight increase in the output of prototype
finished products was noted. There were no significant changes between the control and
experimental samples of cooked sausages in terms of physico-chemical composition
(Richardson, 2002).

Cooked sausages has a balanced amino acid composition compared to control. In cooked
sausages it is observed higher levels of valine (0.8%), lysine (by 0.91%), methionine (at
0.10%), threonine (at 0.54%), alanine (at 0.54% ), aspartic acid (to 0.65%) and glycine (at
0.59%)in comparing with the control sample.

According to the content of essential amino acids ham meat guinea fowl close to egg
protein, and according to the content of of amino acids as valine, isoleucine, leucine, lysine,
alanine, arginine, aspartic acid, glycine, glutamic acid, tyrosine surpasses it.

This indicates that the cooked sausages and smoked guinea fowl meat have well balanced
amino acid composition, it is characterized by high biological value and can be attributed to
high-grade food for the content of essential amino acids (Peshuk and Galenko, 2014).
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Conclusions

It is reported that chitosan when interacting with any animal protein increases the
moisture content of the finished product 10-15%.

With the help of mathematical modeling method we optimized two recipes of guinea
fowl meat products.

Using the method of mathematical modeling, we optimized the recipe of cooked
sausages with protein-mineral-hydrocarbon additive.

The sausages of the balanced amino acid composition with mechanically separated poultry
meat and protein-hydrocarbon-mineral additive, which received higher output of the
finished product and the best consumer properties compared with the control sample,
were investigated.

The calculations of economic efficiency provided the basis to recommend these
elaborated ham for the introduction in meat processing enterprises of Ukraine, as the
cost is 74 UAH / kg.

References

Jochen Weiss, Monika Gibis, Valerie Schuh, Hanna Salminen, (2010), Advances in
ingredient and processing systems for meat and meat products, Meat Science, 86(1), pp. 196—
213.

Hoffman L.C., Wiklund E., (2006), Game and venison — meat for the modern consumer, Meat
Science, 74(1), pp. 197-208.

Alison J. McAfee, Emeir M. McSorley, Geraldine J. Cuskelly, Bruce W. Moss, Julie M.W.
Wallace, Maxine P. Bonham, Anna M. Fearon, (2010), Red meat consumption: An overview
of the risks and benefits, Meat Science, 84(1), pp. 1-13.

Huang S.C., Tsai Y.F., Chen C.M. (2011) Effects of wheat fiber, oat fiber on sensory and
physico-chemical properties of Chinese-style sausages, Asian—Australian Journal of Animal
Science, 24(6), pp. 875-880

Bou R., Codony R., Tres A., Decker E.A., Guardiola F. (2009), Dietary strategies to improve
nutritional value, oxidative stability, and sensory properties of poultry products, Critical
Review on Food Science and Nutrition, 49(9), pp. 800-822

Peshuk L., Galenko O. (2011), Gerodietic meat products technology enriched with calcium
and phosphorus, Food and Environment Safety, X(4), pp. 18-23.

Richardson D.P. (2002), Functional Food and Health Claims, The world of Functional
ingredients, 9, pp. 12-20.

Peshuk L., Galenko O. (2014), Use of collagenase in technology gerodietetic products ,
Journal of food and packing science, technique and technologies, 2(3), pp. 8-11.

Peshuk L., Galenko O. (2014), Rational use of the collagen, Ukrainian Journal of Food
Science, 2(1), pp. 361-370.

Pefia F., Bonvillani A., Freire B., Judrez M., Perea J., Gomez G. (2009), Effects of genotype
and slaughter weight on the meat quality of Criollo Cordobes and Anglonubian kids produced
under extensive feeding conditions, Meat Science, 83(3), pp. 417-422.

Hutchison C.L., Mulley R.C., Wiklund E., Flesch J.S. (2012), Effect of concentrate feeding
on instrumental meat quality and sensory characteristics of fallow deer venison, Meat
Science, 90(3), pp. 801-806.

——Ukrainian Journal of Food Science. 2018. Volume 6. Issue 1



Food Technology ——

Physical characteristics of functional biscuits
enriched in einkorn flakes

Ivan Dimov?, Viktorija Stamatovska?

1 — Trakia University, Stara Zagora, Bulgaria
2 — St. Kliment Ohridski” University of Bitola, Macedonia

Keywords:

Einkorn
Flaking
Functional
Biscuits

Abstract

Article history:

Received
29.01.2018
Received in revised
form 26.05.2018
Accepted
29.06.2018

Corresponding
author:

Ivan Dimov
E-mail:
ivendi_81@
abv.bg

DOl:
10.24263/2310-
1008-2018-6-1-4

Introduction. The modern tendencies related to the
consumption of functional food suggest that the einkorn is a
cereal which can play an important role in human nutrition.

Materials and methods. The following basic materials
were used for the production of biscuits: whole grain einkorn
(Triticum monoccocum L.) flour and einkorn flakes. The
manufacturing of the biscuits, as well as the determination of
their physical properties (baking loss and volume) was
carried out according to AACC Method 10-50D. Biscuits
color was determined by spectral method using tintometer
produced by Lovibont Tintometer RT 100 Colour in the CIE
Lab system.

Results and discussion. During the baking, water
present in the formed dough evaporates which gives biscuits
of characteristic structure. The greatest baking losses showed
the biscuits made from 100% einkorn flour (15.16+1.01%)
and the smallest — these made from 100% einkorn flakes
(9.54+1.22%), with the diference beteen the two samples
being 5.62%.

The results obtained for the baking losses of the biscuits
made from 100% flakes produced are statistically significant
(p<0.05).

The data on the volume of the biscuits produced show
that the largest volume had the biscuits made from 100%
einkorn flour (79.00+0.50 cm®).

All the samples of biscuits had colors in the green and
yellow spectrum and the lightest ones were these produced
from 100% einkorn flakes.

The differences between the individual samples were
insignificant.

Conclusions. The increase of the amount of einkorn
flakes added to einkorn flour results in slightly lower baking
losses and volume of baked biscuits, and a lights biscuits
color.
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Introduction

The modern tendencies related to the consumption of functional food suggest that the
einkorn is a cereal which can play an important role in human nutrition. This is especially
true by the development of new specialized nutritional products of higher quality with respect
to their nutritional value. In modern world, the food we consume must, besides providing the
necessary energy and nutrients, also have positive effect on human health [1].

Consumer interest in healthy eating is targeted on certain foods and food ingredients
[2].

Einkorn was domesticated more than 10 000 years ago, most probably in the Karakadak
mountains in southeastern Turkey and its cultivation spread to Europe during the agricultural
revolution. Nowadays, einkorn is grown in the mountain regions of the mediterranian
(Turkey, Balkan countries, southern Italy, southern France, Spain and Morocco). Recently,
the tendency toward development of sustainable agriculture has elad to increased attention
to the nutritious aspects of food. This resulted in rediscovery of some forgotten cultures like
einkorn. Despite the low yield (about trice less than bread wheat), Regardless of its low yields
(about a third from the bread wheat), there has been significant recovery of the cultivation
of this kind of wheat in some countries (France, Germany, Austria, Hungary, Bulgaria and
Italy) [3].

Einkorn (Triticum monococcum L. ssp. monococcum) is a diploid species (2n=2x=14
chromosomes) of hulled wheat and it is close relative of durum wheat. Recent studies
highlight its good nutritional qualities when consumed by humans [4,5].

Lately, the flaked products are more and more widely used. They are contained in many
food products used as shacks. They are used as supplement in bread, bakery and
confectionery, including the production of biscuits [6].

The process of preparation of flaked products is as follows:

1. Cleaning and sorting — before the processing, cereals are cleaned and sorted. Cleaning
removes unwanted ingredients like grain from other crops, pebbles, sand, etc.
simultaneously, the grains are sorted according to their quality. The shriveled, broken
and unripe grains are removed by blowing with hot air.

2. Hulling — the aim is to remove the hull of the grains and obtain dehulled ones. This is
done by rolling between rubber belts (rolls) so the hull is removed without damaging
the kernel. The kernels are then blown with air to remove the remaining hulls.

3. Brushing — the dehulled grains are the brushed with brushes.

4. Heating — the grains are heated to 100°C in special furnaces. By t his operation, the
surface moisture increases and condenses. The vapor obtained deactivates the enzymes
contained in the grains. The starch turns to paste.

5. Drying and fractionation — drying is carried out in special desiccators where the
moisture content in the grains decreases and they can now be stored. The, the grains are
separated into two fractions according to their size.

6. Rolling — by this process, flakes of various sizes are obtained by pressing the grains
between rolls. The process of rolling involves the use of water vapor which softens the
grains.

7. Drying and packing —the flaked products should be dried before packing until moisture
content in them remains ca. 11%; then they are packed in suitable packings [7].
Biscuits are bakery products which most often are made from flour, fats and sugar.

Various types of biscuits are offered on the market but today, when people wish to eat healthy

food, it is necessary to produce “functional” biscuits [8].

14 ——7Ukrainian Journal of Food Science. 2018. Volume 6. Issue 1



Food Technology ——

It is considered that biscuit production accounts for an important part of the food
industry production in most countries around the world. They have great nutritional value,
especially when the raw materials used for their production are rich in fats and proteins [9].
Their important role and importance can be attributed to at least four key factors: TsaxzoTo
BAXXHO MJCTO MW 3HAYCHHE, MOXEC Ja C€ IObJIKH Hali-MajJKo Ha YETUPHU KIIFOYOBU
daxropa:relatively long shelf life; great variety; human desire and predisposition to sugar
and chocolate, as well as their comparatively low price [10].

The aim of the present paper is to study the effect of flaked einkorn (Triticum
monococcum L.) on some physical properties in biscuits produced from whole grain einkorn
flour (base flour) to which einkorn flakes are added in quantities 30%, 50%, 70%and 100%at
the expense of the base flour.

Materials and methods
Materials

The following materials were used for the production of biscuits: whole grain einkorn
(Triticum monoccocum L.) flour and flaked einkorn produced in the Plovdiv region,
saccharose and glucose in the form of glucose solution (as sweeteners), cow butter, sodium
bicarbonate and cooking salt — purchased from the market, drinking water from the public
water supply network complying with the requirements of Regulation Ne 9 [11].

Methods

Production of biscuits

The manufacturing of the biscuits, as well as the determination of their physical
properties (baking loss and volume) was carried out according to AACC Method 10-50D
[12].

Colours of biscuits

Biscuits color was determined by spectral method using tintometer produced by Lovibont
Tintometer RT 100 Colour in the CIE Lab system. The average of several measurements was
taken. The general change of color was calculated by formula (1) [13].

AE = (L-L,)? +(b—by)* +(a—a,)’ M)

where: the indicators with index O refer to the baked biscuits and the other ones — to the raw
dough.

The parameter AE shows the relationship between the human perception of biscuit color
and the total change of color (Table 1).

—Ukrainian Journal of Food Science. 2018. Volume 6. Issue 1 — 15



Food Technology ——

Table 1
Relationship between the human perception of biscuit color and the total change of color (AE)
[14]

Human perception (AE)
No great difference <2
Very small perceptible difference 02+1
Small perceptible difference 1+3
Medium perceptible differences 3+6
Great perceptible differences >6

Statistical analysis

The results obtained from the analyses are presented in tables and figures and their
statistical processing was performed using XL Stat and Microsoft Excel 2013. In the XL Stat
software, the analysis of the main factors (Main effects ANOVA) was employed, as well as
the Fisher criterion for the least statistically significant differences (LSD) at significance
factor of 95% (p<0.05).

Results and discussion

The innovations in the production of biscuit applied in the recent decade are oriented to
the making of biscuits with reduced content of sugars, substitution of sugars with sweeteners,
use of fats of different properties, as well as enrichment of the biscuits with additives with
functional properties [8]. Table 2 shows some physical characteristics (baking loss and
volume) of the biscuits manufactured.

Table 2
Physical characteristics of biscuits

Biscuits/Properties | Baking loss (%) | Volume (cm?)
100%E 15.164+1.012 79.00+0.502
70%E + 30%EF 14.10+0.522 53.00+1.48°
50%E + 50%EF 12.98+0.63° 52.93+1.33°
30%E + 70%EF 13.03+0.96% 52.33+1.27°
100%EF 9.54+1.22° 51.33+1.53°

*E — einkorn flour; EF — einkorn flakes. **The data presented are the average of 5
consecutive measurements+the standard deviation. ***Values in the same column with
different exponents (a-b) have statistically significant difference (p<0.05) ANOVA, Fisher's
LSD.
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During the baking, water present in the formed dough evaporates which gives biscuits
of characteristic structure [14,15]. It can be seen from Table 2 that the greatest baking losses
showed the biscuits made from 100%E (15.16+1.01%) and the smallest — these made from
100%EF (9.54+1.22%), with the diference beteen the two samples being 5,62%. l.e., the use
of EF for production of biscuits results in decrease of the losses by the baking of the final
product. It was found also for the samples made from combination of flour and flakes that
the baking losses decrease insignificantly with the increase of einkorn flakes content in
biscuit composition. One exception from the general tendency are the biscuits containing
70%EF but the difference compared to the previous sample (50%EF) is quite small and
within the standard deviation. The results obtained for the baking losses of the biscuits made
from 100%EF are statistically significant (p<0.05).

The data on the volume of the biscuits produced (Table 2) show that the largest volume
had the hiscuits made from 100% einkorn flour (79.00+0.50 cm®). These data are statistically
significant compared to the others (p<0.05). it was established also that even with the smallest
amount of einkorn flakes added (30%), the volume of the biscuits manufactured significantly
decreases compared to these made from 100% einkorn flour (the volume decreased by 26
cm?®). The increase of the einkorn flakes content above 30% resulted in insignificant decrease
of biscuit volume.

The values of bisuits color measured by the CIE L*a*b* system are presented in Table
3.

Table 2
Colour of biscuits measurend with CIE Lab system

Biscuits/Parameter L* a* b* AE
100%E 49.81+£1.82 | 2.79+1.75 | 22.53+£2.92 | 6.02+0.02
70%E + 30%EF 48.47+0.21 | 4.34+1.83 | 23.54+2.42 | 5.44+2.32
50%E + 50%EF 48.48+1.28 | 2.86+1.80 | 21.60+3.17 | 5.00+2.22
30%E + 70%EF 48.49+1.52 | 4.86+0.97 | 23.99+1.55 | 4.85+2.18
100%EF 54.01+2.11 | 3.03+0.04 | 20.61+0.06 | 4.23+1.40

*E — einkorn flour; EF — einkorn flakes. **the data presented are the average of 5
consecutive measurements+standard deviation

The parameter L* show the lightness of the color. The closer its value is to zero, the
darker is the color of the object studied. If the value of this parameter is close to 100, then
the object studied looks brighter [16]. As can be seen from Table 3, the values of color of the
biscuits produced from mixture of E+EF were almost the same but lower than these for the
samples made from 100% einkorn and 100% einkorn flakes, i.e. the latter appear lighter. The
highest values of this parameter had the biscuits made from 100%EF (54.01+2.11), i.e. they
were the lightest while the lowest values sjowed the biscuits produced from 30%E and
T0%EF (48.49+1.52), i.e. they were the darkest.

The value of the parameter a* in the CIE L*a*b* system define whether the color of
the object studied is red or green. If the value of this parameter is positive then the color of
the object studied is green, if they are negative, then the color of the biscuits is red [16]. It
can be seen from the Table that the highest value of this parameter had the biscuits made
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from 30%E and 70%EF (4.86+0.97) and the lowest value — these made from 100%E
(2.79+1.75) but the differences are quite small. Obviously, all the samples studied had green
color.

The value of the parameter b* show whether the color of the object studied is blue of
yellow. If the value is negative, then the object studied is blue and if positive, its color is
yellow [16]. It can be seen from the results shown in Table 3 that the highest value of b* had
the biscuits made from 30%E and 70%EF (23.99+1.55) and the lowest value had the biscuits
made from 100%EF (20.61+0.06). the differences are very small. With respect of this
parameter, the biscuits obviously had yellow color.

The parameter AE shows the relationship between the human perception of biscuits
color and the total change of the color. As can be seen from Table 3, the values of this
parameter decrease with the increase of the amount of EF in the biscuits.

The values determined, considered with respect to the definitions in Table 1, indicate
that all type of biscuits can be classified in the group “medium perceptible differences” of
biscuits color, even these produced from 100% einkorn, since it was assumed that their value
of AE = 6.02 exceeds the boundary value (AE = 3-6) and this difference is within the range
of the standard deviation.

Conclusion

It was concluded from the studies carried out that the increase of the amount of einkorn
flakes added to einkorn flour results in slightly lower baking losses and volume of baked
biscuits. The highest volume had the biscuits without einkorn flakes (100%E). substantial
decrease of biscuits volume was observed even with the addition of the smallest quantity of
einkorn flakes (30%) to the recipe. The baking losses are significantly smaller (by about
3,5%) for the biscuits manufactured from 100%EF compared to the other samples where the
difference was only 1%.

All the samples of biscuits had colors in the green and yellow spectrum and the lightest
ones were these produced from 100% einkorn flakes. The differences between the individual
amples were insignificant.
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Introduction. The current scientific task is to establish
differences in structural and mechanical characteristics of agar and
k-carrageenan gels with different types of sugars (saccharose,
glucose, fructose, lactulose).

Materials and methods. Structural and mechanical
characteristics of agar polysaccharides’ gels (agar, k-carrageenan) are
the instantaneous springy modulus, elastic modulus, springy, elastic and
plastic deformation. They were investigated by method of tangential
displacement of the plate. There were used model systems of gels on
agar and k-carrageenan with saccharose, glucose, fructose and
lactulose.

Results and discussion. Gels of agar polysaccharides can
withstand different maximum loads depending on the type of sugar.
The instantaneous springy modulus had the highest values in gels
with saccharose, both on agar and on k-carrageenan, and the values
of the modulus of elasticity were higher for gels with
monosaccharides. In our opinion, the differences are explained by
the difference in the spatial structure and molecular weight of
sugars, which imprints on the ability to bind water, that is, hydration
ability. Values of total deformation depend on the type of gel: for
agar and k-carrageenan gels on different sugars the dependences are
different. The greatest value of the total deformation of agar gel has
a sample with saccharose — 42.38 c.u. For k-carrageenan gels, the
greatest value is the total deformation with monosaccharides. In this
case, both agar and k-carrageenan samples with saccharose have
higher values of the springy deformation index than the total
number of elastic and plastic deformations. However,
independently of the polysaccharide, the use of glucose and fructose
gives elasticity and plasticity to gel. Adding lactulose to agar
polysaccharides’ systems leads to a strengthening of the structure of
the formed gel, as evidenced by higher values of the force of
maximum load for each system.

Conclusions. The individual influence of saccharose, glucose,
fructose, lactulose on the structural and mechanical characteristics
of gels of agar and Kk-carrageenan has been established.
Disaccharides in general cause greater springy modulus, while
monosaccharides cause greater modulus of elasticity of systems and
an increase in the total proportion of elastic and plastic deformation.
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Introduction

The main raw material for the production of gel-like confectionery products is gel formers of
polysaccharide origin, especially agar polysaccharides — agar and k-carrageenan. They form the
structure of products in combination with high sugar content [1-3].

In literary sources, the formation of agar polysaccharides’ gel is described predominantly
with saccharose and the conditions of gel formation and the effect on the formation of the structure
of the gel with such sugars as glucose, fructose and lactulose are described insufficiently [4-7].
In this regard, there is a great scientific and practical interest in the study of differences in the
formation of structural and mechanical characteristics of agar polysaccharides’ gel with different
sugars.

Let's consider the conditions of their gel-formation in detail and determine the role of sugars
in this mechanism.

Agar or agarose is a complex mixture of sulfated polysaccharides, the main fraction of
which is the neutral polysaccharide agarose, which forms a strong gel [8, 9]. Agar gels are
formed by the mechanism of cold hardening. Gel-formation is determined exclusively by
hydrogen bonds, the presence of which contributes to the formation of single and double
helixes. These left-handed spirals are stabilized by water molecules inside the double-helix
cavity and by external hydroxyl groups, which makes it possible to aggregate up to 10000
spirals and form microdomains from spherical microgels. The formed gels, as a rule, are
solid, fragile, have clearly defined forms, are prone to syneresis and show hysteresis [10].

There is no need for sugar to form an agar gel. Indeed, scientists [11] studied the effect
of introduced into the system sugar in a wide range of concentrations. It has been found that
an increase in the sugar content leads to a significant increase in the deformation of the gel,
reducing the temperature of the gel formation.

Such patterns are associated with the destruction and reorganization of transverse bonds
of agarose into a more homogeneous physical grid with the presence of sugars. An increase
in the elasticity of the gel was also noted, indicating the formation of a much weaker structural
grid and the absence of syneresis.

However, there is evidence [12] that the gel-forming properties of low sulfur agar are
enhanced in systems with more than 60% of saccharose. The authors suggest that this
synergism is explained by the different inclination of the helix, which depends on the number
and distribution of ether sulfate groups.

Carrageenan is a macromolecular linear polysaccharide consisting of repeating
disaccharide galactose—3,6—-anhydrogalactose fragments (sulfated and non-sulfated), linked
by a- (1,3) and (1,4) -B-D-glycosidic alternating rows [13, 14].

Carrageenan gels are formed by the mechanism of ionotropic gel-formation in
combination with the mechanism of cold hardening [15]. Gelation involves twisting the
polysaccharide chains into helix due to the presence of K * or Ca?* ions when cooled.
Subsequently, cations contribute not only to the formation of a spiral form of molecules, but
also to the coupling of spirals in the zone of connection [16, 17]. Adding additional ions to
the system increases the stability of the spiral and promotes its aggregation [18].

Commercially available carrageenans are known as k-kappa, j-yota and A-lamda, they
are obtained artificially and do not exist in isolation in the environment [19]. All of them
have very different texture due to differences in the number of sulfate structural groups.
Typically, k-carrageenan forms solid brittle gels, in the concentration of gel-former of 0.5—
3% [20, 21].

Scientists [22] studied the effect of saccharose and glucose on the dynamic viscosity and
springiness of k-carrageenan gels by differential scanning calorimetry. It has been established
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that Young's dynamic module E 'and the melting point of k-carrageenan gels increased with
increasing sugar content, since the amount of heat absorbed during formation of 1 mole of
compound zones increased with increasing sugar concentration. It has been suggested that
sugars can create zones of connection and stabilize the structure of the bonding zones, but
excessive addition of sugars paralyzes the free water that is necessary to form bonding zones.

The thermoreversal gel-formation of water k-carrageenan solution with saccharose (up
to 30% by weight) has been investigated using small and large deformation oscillatory
rheology [23]. It has been found that saccharose increases the temperature of gel-formation
(from 36.8 °C to 52.8 °C) and the melting point (from 51.2 °C to 67.3 °C) to a higher level
and enhances the gel net. Studies have shown that, when saccharose is added, tighter and
thicker structures of k-carrageenan fibrils are formed. The displacement of the band of
infrared spectroscopy of G4S of k-carrageenan and the loss of the vibration band of the free
hydroxyl group in saccharose showed the interaction between saccharose and k-carrageenan
molecules.

Thus, the information in literary sources, regarding the influence of sugars on the formation
of agar polysaccharides’ gels is presented rather limited and refers to interactions only with
saccharose. Therefore, when developing the technology of products with a gel-like structure and
with different types of sugars (glucose, fructose, lactulose), it is important to consider the
individuality of each sugar and determine its effect on gel formation and structural and mechanical
characteristics of gels. This requires series of experimental studies.

Materials and methods
Materials

To prepare the model gel samples, white crystalline sugar (Agroprodinvest, Ukraine),
glucose (Twell Sansino, China), fructose (Vitamin, Ukraine), lactulose (STADA
Arzneimittel AG, Germany) agar 1200 (Rokogel, Spain) and k-carraginan purified
(Budenheim, Germany) have been used.

Preparation of model systems

In the studies model systems of gels on agar and k-carrageenan have been used: with
saccharose (M1, M4), glucose (M2, M5), fructose (M3, M6) (Table 1), and also model
systems of gels with lactulose. Lactulose was introduced to replace saccharose (M7, M10),
glucose (M8, M11), fructose (M9, M12) in the amount of 10 g of DM / 100 g of gel. Model
samples were prepared according to the following scheme: agar was first poured by cold
water and left for 20 minutes to swell, then sugar was added, and the mass was boiled to a
content of dry matter (DM) of 60%, poured into cuvette with a corrugated plate, cooled and
left for gel-formation for 24 hours at t = 18+2°C. For k-carrageenan gels all dry ingredients
were mixed, potassium chloride was added additionally in the ratio of 0.1:1 to the
polysaccharide and the mass was boiled to 60% of DM, was poured into cuvette with a
corrugated plate, was cooled and left for gel-formation for 24 hours at t = 18+2°C.
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Table 1
Model samples of gels
. Prescription ratio of
Abbreviation Composition of the components of the system components,
system
g/ per100g
M1 agar, saccharose 1.0:60.0
M2 agar, glucose 1.0:60.0
M3 agar, fructose 1.0:60.0
M4 k-carrageenan, saccharose, potassium 0.6:60.0:0.06
chloride
M5 k-carrageenan, glucose, potassium chloride 0.6:60.0:0.06
M6 k-carrageenan, fructose, potassium chloride 0.6:60.0:0.06
M7 agar, saccharose, lactulose 1.0:50.0:10.0
M8 agar, glucose, lactulose 1.0:50.0:10.0
M9 agar, fructose, lactulose 1.0: 50.0:10.0
MI0 k-carrageenan, §accharose, potassium 0.6:50.0:0.06:10.0
chloride lactulose
Mi1 k-carrageenan, glucose, potassium chloride 0.6:50.0:0.06:10.0
lactulose
M2 k-carrageenan, fructose, potassium chloride 0.6:50.0:0.06:10.0
lactulose

The structural-mechanical characteristics were determined in the formed gels by the
method of tangential displacement of the plate.

Method of tangential displacement of plate

Method of tangential displacement is based on the immersion of the corrugated plate in
a newly prepared research system, where after complete structuring of the sample, load is
applied from minimum to maximum (with a clear step of variation for each polysaccharide),
while fixing graphically the change of deformation in time. A plate is suspended to a quartz
or glass spiral spring with a solid thread, connected to laboratory scales (the Vailer-Rebinder
method). Applied efforts (load on a cup of scales or lowering the table down in the case of a
stretch of the spring) cause displacement of the corrugated plate. Data registration is carried
out using an automatic device and a computer program in the form of a curve "deformation
— time". On the basis of the obtained curve, values are calculated that characterize the
springy-plastic properties of gels. The application of this device allows to obtain a number
of curves ¢ = f (1) quickly (Figure 1), after processing them all other springy-plastic-viscous
constants — modulus of instantaneous springyness, modulus of elasticity, general, elastic,
springy and plastic deformation are found.

The plate is always set precisely in the middle of the cuvette, in which the investigated
system is located. The plate area on both sides should be 10 cm?. The size of the cuvette is
2*4. For such dimensions, the development of deformation completely passes in the studied
systems and the calculation of structural and mechanical constants is simplified (a=1cm, S
=10 cm?). The time for structuring all samples is 24 hours. By short-term sample loads, the
weight of the first load is selected with gradually increasing weight. Curve € = f (1) is
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recorded during 5 minutes, then the load is removed and after 5 minutes load again,
increasing the weight of samples on the cup. Loading and unloading continues until the
destruction of the structure — the onset of a conditionally springy rupture, and the stretching
of the plate from the sample. The loads are carried out in a way to obtain a minimum of 6-8
deformation curves provided that all the systems under study are measured in a single load
range. The resulting curves are interpreted using the «OriginPro» program. The loading p (r),
on the unit area of the plate, is expressed by the voltage of the displacement P (Pa) and is
calculated by the formula:

P=—
S

where F = mg is load; m is weight, kg; g is acceleration of the earth's gravity, m/s?, S is area
of the plate, m? (S = 103 m?).

According to the “deformation-time” curve, springy, elastic and plastic deformations are
found for each prototype and the instantaneous springy and elasticity modules are calculated.

A
g, c
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Figure 1. The “deformation-time” curve for an springy-plastic body

The springy deformation €, which arises at the moment of applying the load (t = 0) and
disappears after lifting the load at the speed of sound, is characterized by the magnitude of
the conditional-instantaneous springy modulus E1, which is calculated by the formula:

El=—
€o

The elastic deformation €1, representing the process of springy aftereffect while
maintaining a constant load (p = const) for several minutes, is characterized by the elastic
modulus E2, which is calculated by the formula:

P
E2 =—
&
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The elasticity of the gels is due to the stretching of the hydrocolloids’ macromolecules
shuffled into the balls, which return to the initial state after the removal of the load. The
elastic €1 and springy o deformations are mechanically reversible. When lifting the load (p
= 0) the process goes in the opposite direction and the system returns to the initial state. If
the load exceeds the springy limit, a springy gap occurs, or there is a plastic deformation s2.
In this case, after the instantaneous springy deformation o, along with the decaying springy
effect on the AB region, a gradual increase in plastic deformation occurs. The next rectilinear
section BC is due to the constant value of plastic deformation (flow). When lifting the load
(p = 0), the system does not return to the initial state, but differs from the initial value of the
residual plastic deformation .. The area CD determines the value of the total deformation of
the system in conditional units.

For the correct characterization of the springy-plastic properties of gels, modules are
generalized by building the dependences E1= f(P), E»= f(P), and extrapolating the values of
the modules to P = 0.

The value of springy, elastic and plastic deformation is presented in percentage terms to
general deformation, in order to facilitate their perception.

Results and discussion

The type of the structure-forming agent and the mechanism of its gel formation
determines the nature of the structure of the formed gel [24, 25]. And the structural and
mechanical properties of gel will depend on the individual effects of sugar used in the system.
The results of the determination are presented in the Figure 2 and show that agar
polysaccharides’ gels can withstand different loads depending on the type of sugar.

Thus, agar gels (sample Ne 1) with saccharose, glucose, fructose can withstand the same
load of 2449.3 Pa, and gels of k-carrageenan (sample Ne 2) have dependence of the strength
on sugar: with saccharose — 1126.3 Pa, with glucose — 920.5 Pa, with fructose — 1028.2 Pa.
This suggests that sugars play a less significant role in the mechanism of agar formation in
comparison with k-carrageenan [26, 27]. Samples of k-carrageenan and monosaccharides are
inferior to samples on saccharose due to the strength of their structure. And fructose can
withstand greater load than glucose.
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Figure 2. Maximum load force on agar and k-carrageenan gel
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In addition, model systems are characterized by various structural and mechanical
indicators: springyness, elasticity, plasticity. The instantaneous springy modulus (E1), which
characterizes the instantaneous springy deformation that occurs at the moment of loading,
and the elastic modulus (E2), which characterizes the springy aftereffect in time, are
presented in the Table 2 for the experimental samples.

Table 2
Springy-plastic characteristics of model gel samples
Module, kPa (P=0)
Sample | of instantaneous springiness, | of elasticity,
E1l E2
MI 218.67 438.70
M2 168.78 612.13
M3 117.10 950.45
M4 158.98 125.96
M35 144.53 325.28
M6 99.74 600.00

It has been determined that saccharose gels in the system on agar as well as on k-
carrageenan have the largest instantaneous springy module. For example, in model systems
on agar with saccharose (M1) the value of E1 is 218.67, kPa, with glucose (M2) — 168.78
(23% less), with fructose (M3) — 117.10 (by 46% less) kPa; in the model systems on k-
carrageenan with saccharose (M4), the E1 value is 158.98 kPa, glucose (M5) — 144.53 kPa
(10% less), fructose (M6) —99.74 kPa (37% less)

The values of the modulus of elasticity have an inverse relationship. Thus, saccharose
gels in agar polysaccharides’ systems have the smallest modulus of elasticity. For example,
in model systems on agar with saccharose (M1), the E2 value is 438.7 kPa, with glucose (M2)
—612.13 kPa (more by 39%), with fructose (M3) — 950 kPa (more by 117% ); in the model
systems on k-carrageenan with saccharose (M4) the value of E2 is 125.96 kPa, with glucose
(M5) — 325.28 kPa (more by 158%), with fructose (M6) — 600 kPa (more by 376%)

More specifically, the effect of sugars on the springy-plastic characteristics of agar or k-
carrageenan gels is due to the correlation between the types of deformation under the action
of the same loading for samples is given in Table 3.

It was found that among samples of agar gels, the greatest value of total deformation has
a sample with saccharose (M1) — 42.38 c.u., glucose sample (M2) —28.85 c.u., with fructose
(M3) — 28.87 c.u., which is 32% less.

In our opinion, such patterns confirm the peculiarities of the structure-formation of the
polysaccharides themselves. As indicated in the literary review, sugars negatively affect the
formation of a three-dimensional grid of agar gel, preventing the formation of hydrogen
bonds necessary for cross-linking polysaccharide chains. Saccharose, which has a higher
molecular weight, a greater total amount of hydrogen reactive groups, prevents the
interconnection of agar macromolecules. In turn, the molecules of monosaccharides with less
hydrophilic bonds will have a less negative effect on the interaction of agar molecules and
the formation of a gel net, which affects the resulting lower values of total deformation.
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Table 3

Degree and character of deformation of model gel samples

o Deformation
Shear stress which is - - -

Sample compared to P, Pa general | springy, | elastic, [ plastic,
C. u. % % %

MI 42.38 86.44 8.20 4.06
M2 2449.31 28.85 77.52 17.12 5.36
M3 28.87 74.14 21.60 4.26
M4 31.35 69.57 27.90 2.53
M35 783.31 37.96 67.83 25.06 7.11
M6 36.95 59.86 33.11 7.03

For k-carrageenan gels, there is an inverse relationship: the total deformation of the
sample with saccharose (M4) is the smallest — 31.35 c.u.; with glucose (M5) — 37.96 c.u.,
which is 21% higher; with fructose (M6) — 36.95 c.u., more by 18%.

In the ionotropic gel-formation mechanism of k-carrageenan, cross-linking of
polysaccharide molecules occurs at a higher rate due to the formation of potassium bridges.
Therefore, the presence in large concentrations of sugar does not inhibit gel- formation, and
directly affects the degree of binding of free water. Keeping a larger number of water
molecules in the matrix space of the k-carrageenan gel, saccharose forms a stronger structure
than gels with monosaccharides.

It is determined that the greatest value of the total deformation for all experimental
samples has the springy fraction. In this case, both agar and k-carrageenan samples with
saccharose (M1, M4) have higher values of the springy deformation index than the total
amount of elastic and plastic deformations. It is also confirmed organoleptically — gel with
saccharose has more brittle and firm consistency than with monosaccharides, which are
characterized by greater elasticity and plasticity. We suggested that greater elasticity and
plasticity of gels with monosaccharides are associated with a lower degree of water in the
system, as in the case of pectin gels [28].

Thus, the obtained results confirm literary data of the influence of sugars on the
formation of agar polysaccharides’ gel. It has been found that glucose and fructose have less
pronounced effect on the mechanism of agar gel-formation in comparison with saccharose,
which contributes to its strength, and in k-carrageenan gels, on the contrary, under the
influence of monosaccharides introduced into the system, general deformation increases.
However, regardless of the polysaccharide, the use of glucose and fructose give the elasticity
and plasticity to the gel.

Determination of the influence of lactulose on the structure of gels was investigated by
replacing it with 10 g of sugar, saccharose, glucose, fructose. The same amount is the
maximum recommended daily intake of lactulose as a prebiotic. The influence of lactulose
on the structural and mechanical characteristics of agar polysaccharides’ gels is presented in
Figure 4.

It was established that the addition of lactulose to systems with agar polysaccharide leads
to a strengthening of the structure of the formed gel, as evidenced by higher values of the
maximum load strength maintained by each system.

—Ukrainian Journal of Food Science. 2018. Volume 6. Issue 1 — 27



Food Technology ——

3000
©
£ N N N
8 2400
S
® OSample Nel
o
— 1800 1+
g O Sample Ne2
IS
< OSample Ne3
< 1200

BSample Ne4
600 +
O T T

Saccharose Glucose Fructose

Figure 4. Maximum loading force on agar and k-carrageenan gels without and with addition of
lactulose

For example, the loading force of agar gel with saccharose, glucose and fructose (sample
Ne 2) increases by 11% —up to 2714.01 Pa, compared to the basic samples (sample Ne 1); k-
carrageenan gel (sample Ne4) with saccharose — by 13%, up to 1273.11 Pa, with glucose and
fructose — up to 1077.41, 19% and 5%, relative to basic samples of gel (sample Ne 3). We
assume that the addition of sugar, which has a higher molecular weight, will have a greater
impact on the viscosity and density of solutions, which leads to the strengthening of the
system as a whole. Particularly noteworthy is the strengthening of the structure of gels with
monosaccharides, which in our opinion is associated with an increase in the total number of
hydration of sugars, and consequently — greater binding of water and structuring of the
system.

The confirmation of the above results was also found in the analysis of the nature of
deformation of samples of gels, Figures 5-6.

The introduction of lactulose into samples of agar gels leads to an increase in the
proportion of springy deformation in the sample with saccharose (M7) by 5.2%, with glucose
(M8) and fructose (M9) by 15.4% and 18.0%, respectively. While the proportion of elastic
deformation naturally decreases for samples with monosaccharides (M8 and M9) by 72.6%
and 63.3%, respectively. It is also organoleptically noted that the consistency of gels with the
addition of lactulose becomes more solid and fragile, which confirms the results of increasing
the springyness of the system.
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The addition of lactulose into samples of k-carrageenan gels has a similar effect to agar

gels: the proportion of springy deformation increases in the sample with saccharose (M10)

by 1

0.5%, with glucose (M11) and fructose (M12) — by 6.3% and 9.5%, respectively. While

the proportion of elastic deformation naturally decreases for samples with saccharose (M10)
by 29.0%, samples with monosaccharides (M11 and M12) by 15.7% and 13.6%, respectively.

30

Conclusion

Based on the obtained results, the following conclusions can be made:

It has been established that gels of agar polysaccharides can withstand different
maximum loads depending on the type of sugar. Examples of k-carrageenan and
monosaccharides are inferior to samples with saccharose, which in our opinion is due
to different molecular weight and solubility of sugars. In the model agar gel systems
with any experimental sugar the magnitude of the applied load is the same. That is,
sugar in the mechanism of agar formation plays a smaller role.

It has been determined that the instantaneous springy modulus had the highest values
in gels with saccharose, both on agar and on k-carrageenan, and the values of the
modulus of elasticity were higher for gels with monosaccharides. In our opinion, the
differences are explained by the difference in the spatial structure and molecular weight
of sugars, which imprints on the ability to bind water, that is, hydration ability.

It has been established that the values of total deformation depend on the type of gel:
for agar and k-carrageenan gels on different sugars the dependences are different. The
greatest value of the total deformation of agar gel has a sample with saccharose — 42.38
c.u. For k-carrageenan gels, the greatest value is the total deformation with
monosaccharides. In this case, both agar and k-carrageenan samples with saccharose
have higher values of the springy deformation index than the total number of elastic and
plastic deformations. However, independently of the polysaccharide, the use of glucose
and fructose gives elasticity and plasticity to gel.

Adding lactulose to agar polysaccharides’ systems leads to a strengthening of the
structure of the formed gel, as evidenced by higher values of the force of maximum load
for each system. Particularly noteworthy is the strengthening of the structure of
monosaccharides. The obtained results, in our opinion, are related to an increase in the
total number of hydration of sugars, and hence to a greater binding of water and
structuring of the system.
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Introduction. This research attempts to scientifically review
the Chemistry and therapeutic benefits of Coconut oil, also
commonly known as Copra oil.

Materials and methods. Review is based on the modern
scientific literature analysis.

Results and discussion. VCO, the purest form of coconut
oil is essentially colorless and free from rancidity. VCO differs
from natural coconut oil in the process of extraction. While the
latter is extracted by cold milling or cold compression of copra
(another name for dried coconut kernels), the former is extracted
from coconut milk obtained from fresh coconuts. Natural or
mechanical means are used to obtain the oil. Heat may or may
not be used for extraction. The oil is not subject to chemical
refining, bleaching or de-odorizing. Further processes such as
fermentation, and centrifugal separation, refrigeration, and
enzyme action, enables the separation of the oil from water or
moisture. In some cases, micro-expelling is used i.e. boiling the
fresh coconut oil, followed by evaporating the water / moisture
or by direct cold compression of fresh dried coconut meat .The
aroma of the fresh coconut can vary from mild to intense
depending on the method employed for oil extraction.

The total production of edible grade coconut oil in India is
about 400000 tons. Rotaries and expellers are used for Coconut
oil production in India by crushing the dry coconuts (known as
copra) for recovery of oil. VCO mainly consists of medium
chain triglycerides (MCT), which are resistant to peroxidation.
They differ from animal fat which consists of long chain
saturated fatty acids and is the one main risk factor for cardiac
complication. Medium chain fatty acids (MCFA) differ from
long chain fatty acids in that they actually help to protect against
heart disease. MCFA have been reported to lower the risk of
both atherosclerosis and heart disease.

Conclusion. A number of health benefits have been
attributed to this oil. These include benefits in skin care, hair
care, stress relief, weight loss and cholesterol level maintenance,
immunomodulatory effects, cardiovascular uses, and more
recently in Alzheimer’s disease. Coconut oil has a long shelf life
and is used in baking industries, processed foods, infant
formulas, pharmaceuticals, cosmetics and as hair oil.
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Introduction

Coconut is a plant in the Palmae family. For thousands of years tropical countries have
used coconut from the tree (Cocos nucifera Linn), Family Aracaceae (palm family) as an
integral part of their diet and livelihood. Known as “kalpa vriksha”, in Sanskrit, this interprets
as the palm which supplies all the necessities of life.In Indian traditional medicine, the
coconut has been used as a medicinal plant for centuries. Coconut milk helps solve urinary
problems, gallstones, and hematemesis. Coconut oil has been used as a burn wound remedy
[1]. Coconut oil or Copra oil is an edible oil extracted from the kernel of mature coconuts of
the coconut palm.Coconut oil also appears to promote the immune system response. Feeding
coconut oil completely abolishes the expected immune factor responses to endotoxin and
diminishes the production of proinflammatory cytokines in vivo [2, 3]. Recently, the
biological properties of virgin coconut oil (VCO) have been widely investigated. It has been
found that lauric acid is an effective compound in VCO. Lauric acid is the precursor of
monolaurin [4], which has been shown to modulate immune cell proliferation [5] and possess
antimicrobial activity [6]. Inflammation involves many other processes of the immune
system; for example, during both acute and chronic inflammatory response, the
immunological component cells are activated in response to foreign organisms or antigenic
substances [7]. Recent studies point to the important role of inflammation in a wide variety
of human diseases that are not primarily disorders of the immune system. These include
cancer, atherosclerosis, ischemic heart disease, and some neurodegenerative diseases such as
Alzheimer’s disease [8—14].All parts of the coconut palm are useful, with significant
economic value.

Specification for coconut oil

Indian-Standard IS: 62201971 specifies the quality parameters of copra for grading for
different uses in India. This standard prescribes the methods of grading and the requirements
of copra for extraction of oil and for table use, together with methods of sampling and test.
The 3 types of copra are defined: type 1 (grades 1, 2 and 3), ball copra for table purpose; type
2 (grades 1 and 2), cup copra for table purpose;and type 3 (grades 1, 2 and 3), milling copra
for oil extraction. The material shall be the kernels obtained from the fruits of Cocos nucifera
Linn. Requirements cover physical and chemical properties, packing, marking, sampling and
test.

Chemistry and properties

In the 1920s and 1930s it was discovered that coconut oil differed from other fats and
oils in that it was found to be composed predominantly medium chain triglycerides. The
composition of Fatty acids in VCO as determined by Gas Liquid Chromatography include
Saturated fats: Lauric acid (45% to 52%) , Myristic acid (16% to 21%), Palmitic acid (7% to
10%), Caprylic acid (5% to 10%), Capric acid ( 4% to 8%), Stearic acid (2% to 4%), Caproic
acid (0.5% to 1%) and Palmitoleic acid ( in traces) and Unsaturated fats: Oleic acid (5% to
8%) , Linoleic acid (1% to 3%) and Linolenic acid (up to 0.2%). VCO is colourless, free of
rancidity and has a specific fresh natural coconut aroma and the specifications which should
meet by the Virgin Coconut Oil listed in the Table 1.
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Table 1

Table-1 Indian specification for coconut oil

Expressed Solvent Extracted

Characteristics| Refined | Grade 1A | Grade 1B | Grade 2 | Refined Semi Grade 1

Grade (Raw) (Raw) (Raw) Grade | Refined | (Raw)
Moisture &
insoluble 0.1 0.25 0.25 0.25 0.1 0.25 1.0
impurities
(max) (%)
Colour
Lovibond 2 4 11 30 2 10 30
colour scale in
Y+5R
Refractive 14480 | 14480 | 1.4480— | 14480 | 14480 | 14480 | 1 4480
index at 40°C 14490 | 14490 | 14490 | 14490 | 1.4490 | 4 o0 | 14490
Specific gravity | 0915 | 0915- | 0915— | 0.915— | 0.915- | 0.915— | 0.915—
lat 30 °C/30 °C 0.920 0.920 0.920 0.920 0920 | 0920 | 0.920
Saponification 250 250 250 250 250 250 250
value (min)
lodine value 7510 | 7510 | 75-10 | 75-10 | 7.5-10 | 7.5-10 | 8.0-13
(wijs)
Acid value 05 2.0 6.0 8.0 0.5 1.0 10
(max)
Unsaponifiable | ¢ 08 0.8 0.8 0.5 0.8 1.0
(max)
Polenske value | 5, 13.0 13.0 ; 13.0 ; ;
(min)

3 [o]
Flash point, °C - - - - 225 100 90
(min)
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Materials and methods

Review is based on the analysis of scientific literature.

Results and discussion
Common methods of production of coconut oil

Different types of coconut oil for edible purposes are available viz, virgin coconut oil
from wet coconuts (unrefined grade); coconut oil from dry coconuts (unrefined grade); and
coconut oil by solvent extraction method (refined from coconut expeller cake). Virgin
coconut oil is claimed to have more health benefits compared to coconut oil extracted from
copra.

Copra milling by traditional methods

The extraction of oil from copra is one of the oldest seed crushing operations. In India
and Sri Lanka copra is still crushed for oil extraction in the primitive chekkus as well as in
rotary ghanis, expellers and hydraulic presses. The chekku is a fixed wooden or stone mortar
inside which revolves on a hard wooden pestle. The pestle is attached to a long pole which is
moved round via bullocks, donkey or by human labor. About 20-40 kg of copra can be
handled by a chekku.

Copra processing by continuous pressing

This is done with the help of expellers. The oil expeller is essentially a mechanical screw
press in which the oil is expelled from the copra by the pressure exerted by a continuous
rotating warm shaft in the barrel or cage of the press. The barrel is built with openings to
allow the escape of oil and these can be adjusted according to the type of seed being crushed.

Hydraulic presses

These are used in the large installations. They are of two main types-open or Anglo-
American presses and the closed or cage type presses. In this the space between the plates
above ram and the head is divided by plates between which copra is put wrapped in press
clothes. The common method is to extract oil from copra or the dry coconuts.Conventionally
coconut oil is produced by expelling dry copra, followed by refining during which oil is
exposed to high temperature. The copra based refined coconut oil or the solvent extracted
and refined coconut oil will have a bland taste due to the refining processes.

Wet coconut processing

The wet coconuts are subjected to pressing to ooze the oil out along with coconut milk.
This is processed afterwards without employing heat, shear, chemicals, refining and is known
as virgin coconut oil. Virgin coconut oil has applications in pharmaceuticals and cosmetics.
It is colorless with characteristic coconut flavor and finds several applications in medicinal,
cosmetics and cooking purposes. Traditionally, virgin coconut oil is produced by
fermentation method, where coconut milk expelled from freshly harvested coconuts is
fermented for 24-36 hr, and during this period, the oil phase gets separated from aqueous
phase. Further, the resulting wet oil is slightly heated for a short time to remove the moisture
and finally filtered. The main disadvantages of this process are low oil recovery and
fermented odor, which masks the characteristic coconut flavor of the oil.

36 ——Ukrainian Journal of Food Science. 2018. Volume 6. Issue 1



Food Technology ——

Physico-chemical characteristics of coconut oil

Solubility

Coconut oil is insoluble in water. At temperature above its melting point it is completely
miscible with most of the non-hydroxylic solvents such as light petroleum, benzene, carbon
tetrachloride etc. In alcohol,coconut oil is more soluble than most common fats and oils.

Chemical composition

Coconut oil contains a high proportion of glycerides of lower chain fatty acids.The oil
is highly stable towards atmospheric oxidation.The oil is characterized by a low iodine value
high saponification value, high saturated fatty acids content and is a liquid at room

temperatures of 27°C.

Table 2
Physico-chemical Characteristics of coconut oil
Appearance Virgin coconut oil Unrefined Refined
Odour from wet coconut | coconut Oil from coconut oil
copra
Colorless Slight brownish Colourless
Coconut smell Coconut smell Odourless
Melting point °C 24 24 24
Moisture (%) <0.1 <0.1 <0.1
lodine value (cg 12/g) 12-15 12-15 10-12
Peroxide value (meq. 0-1 0-1 0-1
02/kg)
Saponification value(mg 245-255 245-255 250-255
KOH/qg)
Phospholipids(%6) 0.1 0.1 0.0
Unsaponifiable - 0.42% 0.19%
matter(%)
Tocopherols mg/kg 150-200 150-200 4-100
Phytosterols mg/kg - 400-1200 -
Total phenolics mg/Kg 640 618 20
Fatty acid - - -
composition(relative%o)
Saturates 92.0 92.0 92.0
Monounsaturates 6.0 6.0 6.0
Polyunsaturates 2.0 2.0 2.0

Unsaponifiable matter

All natural fats contain minor quantities of substance other than fatty acid glycerides.
The unsaponified constituent is mostly sterols.The unsaponifiable constituent of coconut oil
include a small amount of tocopherols and phytosterols.
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Chemistry of fatty acids and triglycerides

Medium chain triglycerides

MCTs are a class of lipids in which three saturated fats are bound to a glycerol
backbone. What distinguishes MCTs from other triglycerides is the fact that each fat
molecule is between six and twelve carbons in length [16]. MCTs are a component of many
foods, with coconut and palm oils being the dietary sources with the highest concentration of
MCTs. MCTs are also available as a dietary supplement [17]. MCTs have a different pattern
of absorption and utilization than longchain triglycerides (LCTSs) that make up 97 percent of
dietary fats. For absorption of LCTs to occur, the fatty acid chains must be separated from
the glycerol backbone by the lipase enzyme. These fatty acids form micelles, are then
absorbed and reattached to glycerol, and the resultant triglycerides travel through the
lymphatics en route to the bloodstream. Up to 30 percent of MCTs are absorbed intact across
the intestinal barrier and directly enter the portal vein. This allows for much quicker
absorption and utilization of MCTs compared to LCTs. MCTs are transported into the
mitochondria independent of the carnitine shuttle, which is necessary for LCT mitochondrial
absorption. Oxidation of MCTs provides 8.3 calories per gram, while LCTs provides 9.2
calories per gram [18].

Nutritional effects of coconut oil blends

Bellenand et al [19] studied the effects of coconut oil on heart lipids and on fatty acid
utilization in rapeseed oil. The cardiac lipidosis was proportional to the content of erucic acid
in the diet. At 60 days, the high level of 22:6 in the cardiac phospholipids of rats fed rapeseed
oil was reduced by the addition of sunflower oil but not by coconut oil. Thus, the blending
of rapeseed oil with coconut oil apparently is less desirable than that of rapeseed oil and
sunflower oil. McCutcheon et al[20] studied the cardiopathogenicity of rapeseed oils and oil
blends differing in erucic, linoleic and linolenic acid content on male Wistar rats using
semipurified diets. Lowest lesion incidence was obtained with safflower oil and
hydrogenated coconut oil. It has been postulated that linolenic acid plays a role in the etiology
of cardiac necrosis observed when rats are fed diets containing low erucic acid rapeseed oils.

Theuer [21] developed fat compositions for infant formulas containing vegetable fats
with a fatty acid simulating that of human milk. Grandadam [22] developed processes to
recover the proteins of the coconut from copra cake, or directly from fresh coconut meat by
different processes. The improved Itipat process of double pressing allows recovery of
93.45% of the oil and 91.9%. Aliwalas [23] studied the following process for oil extraction
from coconut meat: (i) wet method(using a De Laval centrifuge), (ii) hydraulic pressing, (iii)
pressing plus solvent extraction, (iv) filtration extraction (direct solvent extraction). Oil
extraction efficiencies obtained were: (i) 79.56% (increased to 96.3% by subsequent solvent
extraction), (ii) 76.47%, (iii) 99.65%, (iv) 96.58. Protein contents of isolates from (i) ranged
from 59 to 75%. Protein efficiency ratio (PER) biological value (BV), true digestibility (TD)
and net protein utilization (NPU) of coconut flour from (ii), (iii) and (iv) were: PER 2.42,
2.55,2.42; BV 77,84, 79; TD 76, 74, 72; NPU 68, 64, 66. Values for coconut isolate prepared
by heat coagulation of cream or aqueous portion of fresh coconut milk from (i) were: PER
1.50, 2.20; BV 72, 80; TD 88, 92; NPU 59, 65. The traditional rural method gave an oil
extraction efficiency of 82.45, and a protein isolate with PER 1.25, BV 62, TD 86 and NPU
58. Reena Rao and Lokesh [24,25], Anitha Nagaraju and Lokesh [26,27] and Reena and
Lokesh [28] have used immobilized lipase systems for the synthesis of structured lipids from
coconut oil and omega 6 and omega 3 fatty acids and carried out nutritional evaluation of the
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same in rats. They found beneficial effects in the lipid profile after enzymatic acidolysis of
coconut oil with omega 6 and omega 3 fatty acids.

Clinical Applications

Virgin coconut oil (VCO) has been consumed worldwide for various health-related
reasons and some of its benefits have been scientifically evaluated.

Antioxidant and Antistress Activity

A study carried out by Yeap SK et al evaluated the antistress and antioxidant effects of
virgin coconut oil in vivo. VCO reduced lipid peroxidation and increase the activity of SOD
in the serum of mice undergoing the forced swim test and the brains of mice subjected to
chronic cold restraint[29]. VCO has been reported to be rich in polyphenols and these
contribute to the increased antioxidant enzyme levels, which in turn reduces inflammation
and lipid peroxidation in VCO-treated mice. Restoration of brain antioxidant levels hinders
further neuronal damage thereby preventing subsequent monoamine depletion[30]. The
potential of VCO to prevent exercise- and chronic cold restraint stress-induced damage and
to restore the antioxidant balance was demonstrated and this was attributed to the polyphenols
and medium-chain fatty acids present in VCO. In another study on the comparative effect of
VCO with copra oil, olive oil and sunflower oil on endogenous antioxidant status and
paraoxonase—1 activity in ameliorating the oxidative stress in rats, findings revealed that
dietary VCO improved the antioxidant status as compared to the other three oil- fed groups,
as was evident from increased catalase, superoxide dismutase, glutathione peroxidase and
glutathione reductase activities in tissues[31].

Hepatoprotective activity

Several studies have reported the antioxidant activity of VCO. Oxidative stress induced
by the generated free radicals plays a lead role in the development of hepatic toxicity[32]. A
study was conducted on hepatoprotective activity of VCO on 2, 4-Dichlorophenoxyacetic
acid (2, 4-D) induced liver damage in rats[33]. Rats treated with 2, 4-D showed a significant
liver damage with increased serum transaminases and alkaline phosphatase enzymes
activities, hepatic lipid peroxidation and liver free fatty acids. Serum total protein, albumin,
hepatic superoxide dismutase and glutathione peroxidase enzymes activities were
significantly reduced. Inflammation and necrosis were observed in liver sections of treated
rats. VCO oil treated animals showed an improvement in hepatic antioxidant enzymes, serum
transaminases activities and liver free fatty acids levels which was confirmed by
histopathological examination, thereby establishing the hepato protective activity of
VVCO[34].

Anti-inflammatory, analgesic, and antipyretic activities of VCO

A study conducted by Intahphuak et al, evaluated the anti-inflammatory, analgesic, and
antipyretic effects of VCO in rats using ethyl phenyl propiolate-induced ear edema and
carrageenan and arachidonic acid-induced paw edema. VCO was found to possess moderate
anti-inflammatory effects. Through reduction of the transudative weight, granuloma
formation, and serum alkaline phosphatase activity, VCO exhibited an inhibitory effect on
chronic inflammation. In acetic acid-induced writhing, the model for analgesic activity and
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for yeast-induced hyperthermia for antipyretic activity, VCO showed a moderate analgesic
and antipyretic effect[35].

Wound Healing Effect

Wound healing is a complex process where the skin or other body tissue repairs itself
after injury. The oil of Cocos nucifera has been reported to be an effective wound healing
agent[36]. Nevin et al studied the effect of topical application of virgin coconut oil on skin
components and antioxidant status during dermal wound healing in young rats. In their study,
animals were treated for 10 days with VCO, 24 hours after creation of the wound. VCO’s
healing activity was evaluated by monitoring time for complete epithelization in addition to
various parameters of the wound's granulation tissue. Solubility pattern of collagen,
glycohydrolase activity and granulation tissue histopathology were also studied. Animals
treated with VCO showed much faster wound healing activity, indicated by a decreased time
in complete epithelization and higher levels of various skin components. The significant
increase of Pepsin-soluble collagen and glycohydrolase activities observed indicated higher
collagen cross- linking and its turnover. They concluded that the wound healing activity of
VCO may be a cumulative effect of various minor biologically active components present
within [37].

Effect on Dermatitis

Atopic dermatitis (AD) is a chronic skin disease characterized by features of defective
epidermal barrier function and inflamed cutaneous layer. In this condition trans epidermal
water loss (TEWL) is increased and the ability of the stratum corneum to hold water is
impaired. This leads to decreased skin capacitance and hydration. A study by Evangelista et
al investigated the topical effect of VCO on SCORAD index, trans epidermal water loss, and
skin capacitance in mild to moderate pediatric atopic dermatitis using a randomized
controlled trial design. A total of 117 patients included were evaluated at baseline, and then
at 2, 4, and 8 weeks respectively. The results concluded the superiority of VCO over mineral
oil among pediatric patients with mild to moderate AD [38].

Use as an Ocular Rewetting Agent

Dry eye is a symptom caused by the lack of quality /quantity of tears or defect on the
ocular surface area. That leads a condition of discomfort, visual disturbance; tear film
instability, increased osmolality of the tear film and inflammation of the ocular surface,
which ameliorate the damage to the ocular surface. Among all the therapeutic option for dry
eyes, artificial tears is the mainstay for the initial management of dry eye patient. Due to the
complexity of tear film, it is difficult to manufacture tears that would be similar to that of the
human eye. Several brands of artificial tears are commercially available, that would consist
of Hydroxypropyl methyl cellulose, Poly vinyl alcohol, sodium hyaluronate and oil based
tears. A previous study showed that liposomal spray applied on closed eye lid had increased
the thickness of lipid layer and also significantly increased the tear film stability. On account
of this study Dept. of Optometry and vision science at Malaysian University evaluated the
usage of VCO as a supplement for tear film. A pilot study was carried out on the efficacy of
VCO as an ocular rewetting agent on Rabbit eyes. VCO was found to be safe in the dry eye
and its anti-inflammatory property was attributed to be responsible for its significant
beneficial effect in the management of dry eyes[39].
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Effect on Alzheimer’s disease

In the neurological disorder Alzheimer's disease (AD), memory loss and cognitive
decline occurs because of death of brain cells. The neurodegenerative disease starts as mild
dementia getting progressively worse. In the brain, the lipid macromolecule, cholesterol is
utilized as an antioxidant, for structural scaffolding of the neural network, as an electrical
insulator (to prevent ion leakage), and as a functional membrane component. Cholesterol is
utilized in the wrapping and synaptic delivery of the neurotransmitters and also plays an
important role in the formation and functioning of synapses in the brain. Several studies[40]
have proven the lack of cholesterol in the brains of AD patients. In contrast, a positive
correlation (better memory function and reduced dementia) was observed between high
cholesterol levels and longevity in a population above 85 years old . A study appearing in the
American Journal of Cardiology in February 2011 suggested that a diet with adequate
amounts of saturated fat is essential to maintain HDL high cholesterol levels. Those with
deficiencies and suffering from neurological disorders needed to consider a diet that is high
in saturated fat. The saturated fat of coconut oil provides the brain with an alternate source
of energy in ketones. Ketones are high energy fuels that nourish the brain. Fasting /starvation
can trigger the production of ketones. Ketones are also formed by the conversion of medium
chain fatty acids in certain foods. Coconut oil is nature’s richest source of these medium
chain triglycerides (MCTSs) [41]. A study done in 2004 took MCTs from coconut oil and put
them into a drink that was given to Alzheimer’s patients while a control group took a placebo.
They observed significant increases in levels of the ketone body beta-hydroxybutyrate (beta-
OHB) 90 minutes after treatment. When cognitive tests were administered, higher ketone
values were associated with greater improvement in paragraph recall with MCT treatment
relative to placebo across all subjects [42].

Effect on blood pressure elevation

Hypertension or elevated blood pressure is the main risk factor for cardiovascular
complications such as coronary heart disease, atherosclerosis, and stroke. Many studies to
prevent the elevation of blood pressure have been carried out. Badlishah Sham Nurul-Iman
et al carried out a study on Effect of VCO on prevention of blood pressure elevation and
Improves Endothelial Functions in rats fed with repeatedly heated palm oil. This study
explored the effects of virgin coconut oil (VCO) in male rats fed repeatedly with heated palm
oil on blood pressure, plasma nitric oxide level, and vascular reactivity. In their study
elevation of blood pressure was created by the repeated feeding of heated palm oil. On
overheating, the free radicals that were generated induced oxidative stress within the blood
vessel, affecting the NO level in the endothelial cells. In male rats, supplementation with
repeatedly heated palm oil VCO was found to prevent blood pressure elevation and to also
decrease nitric oxide deactivation. In addition, VCO did not influence relaxation but
decreased vasoconstriction of the endothelium [43].

Immunomodulatory effect

In 1966, Jon Kabara discovered that Medium Chain Fatty Acids (MCFA’s) of virgin
coconut oil are incredible for antimicrobial properties that kill harmful viruses, bacteria,
fungi, and parasites. When MCFA’s are digested, they break down into free fatty acids and
monoglycerides[44] .Lauric Acid, Capric acid, and Caprylic acid are the important medium
chain fatty acids present in coconut oil that possess antimicrobial activity. Their
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monoglyceride form, monolaurin, monocaprylin, and monocaprin hinder microbes from
terrorizing the immune system. Individually, these fatty acids act on microbes in different
ways. Some may Kill a particular organism that causes fungal infections but may not be as
useful on other microbes. Unitedly, however they act as a highly powerful defence against
diseases. Monolaurin (monoglyceride form of lauric acid) is considered to have the best
antiviral, antifungal, and antibacterial effect[45]

Effect on blood sugar control

A study on Insulinotropic potency of lauric acid: a metabolic rationale for medium chain
fatty acids (MCFA) in TPN formulation by Garfinkel M et al proved that the effect of MCFA
on insulin secretion depends upon its chain length. Among all MCFA capric acid (C10) and
lauric acid were observed to display the most potent effects on insulin secretion [46]. Another
study proved that, as compared to other oils, coconut oil in the diet enhanced insulin action
and improved binding affinity [47].

Effect on weight loss

A study conducted on the effect of dietary medium- and long-chain triacylglycerols
(MLCT) on accumulation of body fat in healthy humans by Kasai M et al proved that a daily
intake of MLCT diet could cause a reduction in body weight and body fat accumulation.
Volunteers in a double-blind study for 12 weeks, consumed daily at breakfast, test bread,
with 1.7 g MCFA, bread made with long-chain triacylglycerols (LCT) was consumed by the
control group. A significant decrease of body weight and amount of fat, with a significant
decrease in serum total cholesterol was observed in the test group [48]. In another study on
the effect of dietary supplementation with coconut oil on the biochemical and anthropometric
profiles of women with abdominal obesity (waist circumferences (WC) >88 cm) the intake
of dietary supplement with VCO was observed to decrease the amount of abdominal fat [49].

Healing properties of coconut oil

Coconut oil is antiviral, antifungal (kills yeast too) and antibacterial. It attacks and kills
viruses that have a lipid (fatty) coating, such as herpes, HIV, hepatitis C, the flu, and
mononucleosis. It Kills the bacteria that cause pneumonia, sore throats, dental cavities,
urinary tract infections, meningitis, gonorrhea, food poisoning and many more bacterial
infections [50]. It kills the fungus/yeast infections that cause candida, ringworm, athletes
foot, thrush, jock itch and diaper rash.

Conclusion

Coconut oil is consumed in tropical countries for thousands of years. Studies done on
native diets high in coconut oil consumption show that this population is generally in good
health. Coconut oil has a long shelf life and is used in baking industries, processed foods,
infant formulas, pharmaceuticals, cosmetics and as hair oil. The oil contains 92% of saturates
consisting of medium chain fatty acids in the form of triglycerides, and about 8% of
unsaturates consisting of oleic and linoleic acids as triglycerides. The oil has a small amount
of unsaponifiable matter (<0.5%), is colourless and has a odour typical of the coconuts. The
oil has small amounts of tocopherols and tocotrienols and phytosterols. The oil is known to
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have antiviral and antibacterial effects and excellent healing properties. It gets easily
absorbed in the body and is a nature mimic of the human breast milk fat and hence used in
infant formulae. With all these good quality attributes, the side effects of the oil has also been
reported especially in cardiovascular diseases due to the presence of less of unsaturated fatty
acids in the triglycerides of the oil. It is hypothesized that due to lower amount of PUFA,
there is a possibility of atherogenecity development during long term usage of the oil.
However, more research is needed to clearly understand the many good effects of the oil.
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composition of the developed pates was carried out by
chromatography of high resolution. To confirm the nutrients
adequacy of the researched formulations of the "Mushroom"
paste and the paste with the phyto-complex "CHOICE", studies
were conducted digestibility in conditions in vitro of the
Tetrahymena pyriformis ciliary infusoria in the Fuks-Rosenthal
chamber. Clinical studies of the pastes with mushroom raw
material were conducted with the participation of the elderly in
the general-therapeutic department of the clinic.

Results and discussion. The method of chromatography of
high-level ability has established the group fatty acid composition
of the pastes using mushroom raw materials and phytocomplex
of germinated grains of cereal cultures and found that the content
of monounsaturated acids in developed paste is about 35% and
saturated — only 23% in all investigated samples. Analyzing the
content of PUFAs, it is important to note their stable high content
in all four recipes, regardless of the type of ingredients added.
However, the formula with mushroom raw material has the
highest total PUFAs content — 41.92% and at the same time the
highest content of essential linolenic acid — 1.55%.

The results digestibility in conditions in vitro indicate that
Mushroom Paste has a higher relative biological value and a
better digestibility than the control sample more on 3.5%, and the
paste with the phyto-complex "CHOICE" more on 2.1%.

According to the results of the research, the effectiveness and
safety of the paste "Mushroom" has been determined and the
possibility of eliminating vitamin B12 deficiency during use has
been determined.

Conclusions. The analysis of the research results testifies to
the nutrients adequacy of the researched pates with the use of
mushrooms raw materials and phytocomplex of sprouted grains
of cereals for health and health-preventive nutrition.
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Introduction

The ability to work, health and active creative longevity of a person is directly dependent on
the way of his life and the nature of nutrition, which should be rational, balanced and to ensure
the physiological needs of the organism. Currently, human life is very closely related to the impact
of various unfavorable environmental factors, which leads to stress and certain negative changes
in the body and health. Among them is also the lack of necessary nutrients: protein, trace elements,
vitamins. In addition, various diseases, smoking and alcohol use also affect the absorption and
metabolism of vitamins, especially vitamins Bs and B12. In order to enhance the immune functions
of the body, science offers innovative ways. The growing interest in so-called "healthy food"
necessitates the production of products that not only satisfy the physiological needs of the body in
nutrients and energy, but also provide preventive and curative action. The principles of nutrition
should consist in the use of products that are relatively easy to assimilate and diverse, also in terms
of chemical composition and prophylactic orientation, it is possible to take into account the
prevention or slowdown of the development of diseases. The development of technologies for the
production of high-grade, nutritiously balanced products that provide adequate nutrition to the
elderly should be a priority concept for the development of the food industry. Developing foods
for special nutrition is a way through which you can change the composition of the product in
such a way as to positively affect the health of a person, strengthening it by regulating certain
metabolic processes in the body [1].

According to the results of the research of poultry meat and poultry products were developed
for health and preventive nutrition "Mushroom” — with cooked oyster mushrooms — 15%,
"Special” — with mushroom biomass of oyster mushrooms- 3% and with phytocomplex of
sprouted grains of cereal crops — 15% [2].

Meat Pastes, where meat is the main ingredient, is in demand due to its high nutritional value,
a pleasant special taste and a delicate consistency. Liver is added to the meat paste to enhance the
biological value, providing a delicate taste and a rich color. The smearing consistency of paste is
achieved by special methods of processing the raw materials and selecting the ingredients of the
formulation. Traditional meat paste formulations are evaluated mainly for organoleptic
parameters and energy value, without taking into account the product's balance on chemical
composition.

Poultry meat is assimilated by 94-96%, fatty tissue (5.2%) is characterized by a high content
of polyunsaturated fatty acids. The liver is rich in iron-containing proteins — ferrin and ferritin,
which serve as a source of iron for the synthesis of hemoglobin. It contains nitrogenous
extractives, as well as vitamins and minerals. It contains especially choline, biotin, vitamin A (50
mg%), C (25-40 mg%), niacin, and also includes all vitamins of group B. Given the chemical
composition of the liver is widely used in therapeutic nutrition for anemia, radiation illness,
general weakening and reduced hematopoiesis of the body.

The use of vegetable protein becomes topical for the domestic meat processing industry,
which lacks the traditional raw material resources. In this regard, the role of products from natural
plant materials, in particular fungi, is increasing. Mushroom proteins occupy an intermediate
position between proteins of plant and animal origin. Mushrooms are also called "vegetable meat",
they contain glycogen and do not have cholesterol, their taste resembles the taste of meat, due to
the high content of glutamine amino acid. Mushrooms have a unique balanced composition of all
the biologically valuable food components: proteins, fats, carbohydrates, vitamins, and trace
elements. BAS mushrooms normalize appetite, increase immunity, lower cholesterol low density,
reduce the risk of heart attack and prevent the onset of atherosclerosis, affect the development of
memory and activate mental activity of man. Mushrooms have radioprotective properties. In the
processing of fungi, there remains a significant number of non-standard and non-standard
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specimens that can be successfully used as protein-rich feedstocks. As a result of scientific
research and on the basis of complex experimental research, the possibility of using cultured
mushrooms in the recipes of meat pates was proved [2].

Germinated grains of cereal crops — a product that contains natural antioxidants, which is
much more useful than synthetic drugs. The introduction of sprouted grains in minced meat
products will enable to stimulate metabolism and hematopoiesis, increase immunity, compensate
for vitamin and mineral deficiency, normalize the acid-base balance, help clear the body from
slags and slow down aging processes. The enzymes formed in sprouted grains split complex
substances (proteins, fats, carbohydrates) into simpler (amino acids, fatty acids, simple
carbohydrates). When consuming meat products using sprouted grains, the human body spends
less energy on digestion and assimilation of food. [3, 4, 5, 6].

Materials and methods

For the practical regulation of the biological value of developed pates, their group fatty acid
composition was determined by high resolution chromatography method.

In order to confirm the nutrients adequacy of the developed meat pastes, the study of
digestibility in conditions in vitro were conducted using the Tetrahymena pyriformis ciliary
infusoria in the Fuks-Rosenthal chamber. Clinical studies were also conducted to determine the
effectiveness and safety of products and the relationship between the level of vitamin B, in the
blood and the possibility of correcting it with the help of developed meat paste.

One way of examining the degree of digestion of proteins by proteolytic enzymes of the
gastrointestinal tract, which determines the biological value of food products, is to conduct
experiments on cell cultures, whose representatives are the simplest. The ciliary infusoria
Tetrahymena pyriformis in the morphological aspect is a cell, and in the physiological — a holistic
organism. In order to determine the digestibility in conditions in vitro developed pates in
comparison with the control sample, the relative biological value was determined in accordance
with the guidelines for the use of the Tetrachymena pyriformis ciliary infusoria. Unicellular
organisms have much less enzyme systems than humans and are generally easier in structure.
Infusoria (these are single cell eukaryotic organisms having a nucleus) can be considered as an
integral biological sensor with certain parameters suitable for food bioassays.

To do this, from each sample, samples were taken and prepared,we prepared separately
nutrient media and introduced into them samples of paste. Then we have grown a test cultures in
the culture medium, cultivated at a temperature of 20-25 °C, then counting cells that had grown
over four days of cultivation in the Fuchs-Rosenthal counting chamber.

By the number of cultured cells in the Fuchs-Rosenthal chamber, the relative biological value
of the product was determined, which was determined by the ratio of cells grown on the
investigated products to the number of infusions in the control case with casein. The experimental
error was 0.3%.

It was explained to patients about the peculiarity of the study and the nature of the product,
after which each of them signed an informed consent to participate in this study.

In the study, we used a comprehensive survey that would reveal the effect of the proposed
product on health indicators (liver, kidney, digestive and lipid metabolism), as well as an
opportunity to find out the possibility of eliminating vitamin B, deficiency. The proposed product
(paste) was taken by patients during the entire period of stay in the hospital (21 days) by 50 g
every other day.
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Results and discussion

Researched recipes of meat and poultry meat-based pastes for health and preventive
nutrition: "Mushroom" — with cooked oyster mushrooms — 15%, "Special” — with mushroom
biomass of oyster mushrooms — 3% and with phytocomplex of sprouted grains of cereal crops
— 159%.

The study of the chemical composition of the developed pates showed that the nutritional
value of new formulations meet the requirements that are put forward to this assortment
group. Physicochemical indices showed that the developed pastes have a low mass fraction
of fat, high protein content, which leads to a decrease in energy value [3, 4].

An analysis of the amino acids has shown that the prototype contains all the essential
amino acids necessary. In polycomponent systems of developed pastes limiting amino acid
is valine + isoleucine, which is typical of forcemeat with plant material [2, 4].

The biological value of fats is determined by the content of polyunsaturated fatty acids
(PUFASs). For a person, the essential fatty acids are linoleic C 18:2 and linolenic C 18:3,
which belong to essential nutrients. Lack of food intake of linoleic and linolenic acids causes
a violation of the regulation of metabolic processes in cell membranes, as well as in the
processes of energy formation in mitochondria. PUFAs help accelerate the exchange of
cholesterol in the body, slow down the formation of low-density atherogenic lipoprotein, and
reduce the synthesis of triglycerols. The external manifestation of PUFA deficiency is a
change in the skin condition (dryness, peeling, eczema, hyperkeratosis), increased
susceptibility to ultraviolet rays, the appearance of peptic ulcers in the stomach and
duodenum, caries of the teeth, arthritis. Recent advances in science deeper reveal the
functions of fats in the human body and determine the changes in the norms of their
consumption with food [9].

For the practical regulation of the physiological value of developed pastes, their group
fatty acids composition was established by the method of chromatography of high resolution.
The fatty fraction of the developed pastes contains all groups of fatty acids, but their content
is uneven (Table 1).

It was found that the addition of mushroom and vegetable raw materials does not cause
fundamental changes in the content of certain fatty acids. It has been established that about
2/3 of the total content of fatty acids is unsaturated, which is a positive factor in the balance
of the diet.

In order to ensure the functional properties of developed pastes, it is important not only
quantitative but also qualitative composition of fats, especially the content of polyunsaturated
fatty acids with a definite placement of double bonds with cis configuration. The main
biological indicators of the fatty acid composition of the studied pastes are given in Table 2.
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Table 1
Fatty acids composition of the studied pastes, % of the sum of fatty acids
Samples
Fatty acids Control No. 1 No. 2 No. 3 phytocomplex
""Mushroom™ «Special» "CHOICE"
C8:0 0,01 0,01 0,01 0,01
C 10:0 Capric 0,01 0,02 0,01 0,01
C12:0 0,06 0,03 0,03 0,03
C 14:0 0,37 0,11 0,36 0,37
C14:1 0,07 0,08 0,08 0,07
C 15:0 0,06 0,06 0,06 0,06
C 16:0 16,68 16,05 16,90 16,76
c9-C 16:1 0,31 0,47 0,32 0,30
c7-C 16:1 2,79 2,91 2,91 2,90
C17:0 0,10 0,10 0,11 0,11
C17:1 0,05 0,05 0,05 0,05
C 18:0 6,10 6,01 6,02 5,67
C 18:1wl2t - 0,15 0,15 0,14
Petroselaidic
cl1-C 18:1 1,31 1,02 1,32 1,30
Vaccenic
C 18:1w9c Oleic 30,36 30,91 30,61 30,68
9,12-t, ¢c-C18:2 0,15 0,13 - 0,01
C 18:2wéc 37,42 37,47 37,27 37,88
Linoleic
C 20:0 0,15 0,15 0,15 0,15
C 20:1w9 0,07 0,07 0,07 0,07
C 20:1wll 0,30 0,31 0,30 0,30
C 18:3wb6 0,23 - - 0,19
C 18:3w3 a- 1,30 1,55 1,34 1,37
Linolenic
cot11-C18:2 0,12 0,12 0,12 -
t10c12-C 18:2 0,01 0,01 0,01 0,01
11,14— ¢ C20:2 0,22 0,14 0,22 0,20
C 20:3wb6 0,17 0,17 0,17 0,15
C 20:4w6 1,17 1,08 1,08 0,84
Arachidonic
C 20:5w3c¢ 0,02 0,02 0,02 0,07
C22:0 0,17 0,17 0,17 0,18
C 22:5w3 0,06 0,06 0,07 0,05
C23:.0 - - - 0,01
C24:0 0,06 0,06 0,06 0,06
C24:1 0,02 - - -
C 22:6w3 - - - 0,04
Total 100,00 100,00 100,00 100,00
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Table 2
Biological parameters of fatty acids composition of investigated pastes, % of the sum of fatty
acids
Name Samples
control " No. 1 " No.? phytg(?olriplex
Mushroom «Special» "CHOICE"
Value of groups of fatty acids
SFAs 23,78 23,35 23,88 23,41
MUFAs 35,46 34,74 35,79 35,82
PUFAs 40,76 41,92 40,33 40,77
The content of essential acids
Linoleic C 18:2 37,42 37,47 37,27 37,88
Linolenic C 18:3 1,30 1,55 1,34 1,37
The content of anti-food fatty acids
C 18:1 trans 0,16 0,15 0,15 0,14
C 18:2 trans 0,02 0,03 0,02 0,02

Analyzing the data in Table 2, it was found that the content of mono-unsaturated acids is
about 35% and saturated — only 23% in all of the samples under study. This confirms the
preventive effect of the developed pates, since from the point of view of the prevention of
age-related diseases, the content of unsaturated fats should be as high as possible. Analyzing
the content of PUFAS, it is important to note their stable high content in all four recipes,
regardless of the type of ingredients added. However, the formula for "Mushroom™ paste
differs by the highest total content of PUFAs — 41.92% and at the same time the highest
content of essential linolenic acid — 1.55%. This, obviously, can be explained by the
peculiarity of the fatty acid composition of the added additive, since fungi contain 1.3-2.7%
fat, which 67% consists of polyunsaturated acids. It is established that the content of fatty
acids in trans-form is insignificant and does not exceed their background level for all studied
formulations [10].

In order to determine digestibility in conditions in vitro of the developed pates in
comparison with the control sample, the relative biological value was determined in
accordance with the guidelines for the use of the Tetrachymena pyriformis ciliary infusoria.

By the number of cultured infusion cells in the Fuks-Rosenthal chamber, the relative
biological value of the product was established (Table 3).

Table 3
Relative biological value of developed pates
Pastes Protein, The number of Relative biological
% cells, cells / mm3 value*, %

Control "To breakfast" 20,24 185,85 52,864
Paste "Mushroom" 20,16 198,45 56,448
Paste with phytocomplex

"CHOICE" 14,41 191,27 54,983

* —in relation to the standard (casein)
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The analysis of the results obtained (Table 3) shows that "Mushroom™ Paste has a higher
relative biological value compared tthan the control sample more on 3.5%, and the paste with
the phyto-complex "CHOICE" more on 2.1%. This means that in the mushroom pates and
phyto-complex "CHOICE", the vital functions of the simplest cells are activated faster, and
it contributes to the better digestibility of the product.

Meat products with high content of vitamin Bi, have a health-preventive function,
because cianocobalamin (vitamin B12) promotes increased non-specific resistance of the body
to bacterial infection, has an immunomodulatory effect, based on the effect on the exchange
of nucleic acids and proteins. Vitamin Bi. deficiency is manifested by macrocytic
hyperchromic anemia with characteristic bone marrow changes, neurological symptoms as a
result of multiple lesions of the spinal cord. Investigation of the vitamin content of the
researcher paste with mushroom raw material showed that the content of B12 is — 32.0+0.3
ug/100 g, compared with the control — 24.5+0.2 pg/100 g.

It has been established that the daily requirement of vitamin B2 for the elderly is 2.4 ug
per day, since the level of fat-soluble vitamins and carotenoids in the plasma, as a rule,
increases with age, with the exception of vitamin D, while the level of water-soluble vitamins
decreases, especially vitamins Bgand Bi2.

At the beginning of the medical biology study, we determined the level of vitamin B12
in the blood of patients. After conducting the necessary course of consumption of paste with
mushroom raw material, a re-examination of patients was carried out to determine changes
in vitamin B2 (cobalamin) indices in the blood. At the same time, they followed the change
in the state of the human organism, from the consumption of the product.

Among the 15 people (65% of survey), the content of vitamin B, in the blood was below
150 pg/ml, with an average blood vitamin content of 139 (104-177) pg/ml, indicating a
shortage of cobalamin in the elderly population. During the survey, it was found that the use
of 50 grams of paste per day would provide 8 micrograms / day of vitamin in addition to the
main diet, and if you consider that the average consumption of vitamin B with food in the
examined patients was 5.8 (4.6-9.1) pg/day, the use of paste for 3 weeks will contribute to a
significant increase in the content of vitamin Biz in the blood. Biochemical data showed that
blood glucose, creatinine and uric acid levels did not change under the influence of the paste,
but the decrease in urea was noted, due to the improvement of protein metabolism in the body
under the influence of additional vitamin Bi, intake and valuable protein (essential amino
acids), since it is known that deficiency of vitamins and especially essential amino acids in
elderly people leads to increased protein degradation and increased excretion of nitrogenous
compounds.

Conclusions

According to the results of scientific research, meat pastes for health-preventive nutrition
were obtained, in which the content of mono-unsaturated acids is about 35%, and
saturated — only 23%. The formula with mushroom raw material has the highest total PUFASs
content —41.92% and at the same time the highest content of essential linolenic acid — 1.55%.

The results of the study on the digestibility of developed pastes with the use of the
Tetrahymena pyriformis ciliary infusoria in vitro indicate that the "Mushroom" "Mushroom"
Paste has a higher relative biological value compared tthan the control sample more on
3.5%, and the paste with the phyto-complex "CHOICE" more on 2.1%. This means that in
the mushroom pastes and phyto-complex "CHOICE", the vital functions of the simplest cells
are activated faster, and it contributes to the better digestibility of the product.
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In the developed paste "Mushroom”, vitamin B, is found in an accessible form for

human body of the elderly and is easily absorbed from the gastrointestinal tract into the blood,
all patients well tolerated the ingestion of paste, no side effects were detected. The use of
paste contributes not only to the elimination of vitamin B1, deficiency, but also significantly
improves the biochemical parameters of albuminous and, especially, lipid metabolism in the
elderly and may be recommended for inclusion in the diet as an additional source of vitamin
Bi2 in order to improve the health status.
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Introduction. The research was carried out to determine the
influence of the method of packaging sausages on the period of their
storage.

Materials and methods. The research was carried out on the
samples of offal sausages. These samples are made in production
conditions. The pH of sausages and moisture content were studied.
The pH level was investigated by potentiometric method, dry
content was investigated in the sausage moisture content.

Results and discussion. The water content of the product is
closely related to the stability of the product during storage and its
transportability, as well as the suitability for further processing, as
excess moisture promotes the flow of enzymatic and chemical
reactions, activates the activity of microorganisms, including those
that cause damage to the product, in particular its mold. In this
regard, the moisture content in the product determines the terms and
conditions for its storage.

The optimum moisture content in off-sausage is 52%.

The moisture content of sausage can be influenced by various
factors, such as temperature and storage conditions, the type of
packaging chosen for sausage wares, and the terms of its storage.

In the course of the research carried out, this indicator changed
as follows:

in the control sample did not go beyond the norm, in fresh
sausage, without packaging for 6 days, the storage rate decreased to
44%, in frozen — to 50. In sausage, which was stored in a plastic
bag, the mass fraction of moisture increased to 55%, and in sausage
in parchment up to 53%.

pH is an indicator of the degree of freshness of sausage
products. The value of active acidity plays an important role in the
storage of sausage products. Changing this indicator in the direction
of alkaline environment indicates the beginning of the development
of microorganisms and the beginning of damage to sausage.

The optimum pH value for offal sausage is 6-7.

In the analysis of the samples studied, the following results
were obtained:

fresh sausage without packaging (6 days study) — 7, frozen
sausages — 6.5, sausages in a plastic bag — 7.5, sausages in
parchment — 7.2.

Conclusions. The formation of the qualitative and safe product
is affected by a number of indicators such as moisture content and
pH of the product. In this case, it is important to choose a quality
and efficient packaging. According to the conducted researches, the
best packaging method is parchment packing.
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Introduction

Today, meat and sausage products market is experiencing both negative and positive
changes. According to the technical report, among the negative ones can be distinguished
such as: depressed state of the meat market; large-scale using of cheap imported raw materials
as an alternative to more expensive domestic; increase in energy prices and the main
components of the sausage production; constant fluctuation (increase) prices of finished
products; reduction of qualitative and taste indicators in pursuit of a mass consumer with low
solvency; monopolization of the market — crowding out of the network of small and
mediumsized producers; the export of domestic sausage products remains in perspective. The
positive changes concern with: renovation of production facilities; the desire of produce in
the manufacturing of competitive products from high quality raw materials; the activation of
brand products and the expansion of assortment presence in the middle and low-end
segments; an increase in the volume of production of fine-packed products, as well as smoked
and dried sausages in branded packaging; the introduction of new national standards for meat
and meat products that allow the release of new names of sausage products. All these
positive/negative trends strongly affect the industry. For producing of high-quality products
manufacture should use all possible measures.

One of such measures is to improve the quality of the production sausage products,
namely, offal sausages which, due to its high taste, low cost and consumer properties has
high demand among the population. The consumption of offal sausages, in the total amount
is almost 40%.

The influence of the method of packaging offal sausages for the period of their storage
is still not established. The aim of this study was to determine the influence of the method of
packaging sausages on the period of their storage.

Materials and methods

The research was carried out on the samples of offal sausage containing in its
composition pigs’ buckies, fancy beef, starch and spices. These samples are made in
production conditions.

The main physical and chemical parameters that reflect the possible processes of
deterioration of the product were selected pH and moisture content. In this case, research
methods such as potentiometric, for determination of pH and drying method for
determination of moisture content were used.

The essence of the potentiometric method is to measure the difference between the
electromotive force of two electrodes. One of them is a measuring one, and the other one is
auxiliary. In addition, both of these electrodes should be placed in the test solution.
Consequently, the method of analysis is based on the measurement of the EMF of the
galvanic elements. Under these elements just understand the connection of two electrodes,
one of which, as it was spoken earlier, an indicator, and the other is necessary for comparison.

To determine the pH, add 2 g of the crushed product to the porcelain mortar, add 2.5 g
of fine roasted sand and 6 g of ethanol. Rubbing the mortar for 4 minutes and filtering through
a folded filter. 3—-4 drops of filtrate by a glass rod on a prism of a refractometer and record
the results.

To determine the mass fraction of moisture, the most accurate results are obtained by
drying the product to a constant mass at 100—105 °C in the drying cabinet. This method refers
to arbitration, which determines the correctness of all newly developed methods.
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To accelerate drying, it is recommended to increase the porosity of the product by
mixing it with solid material (sand) and reducing the thickness of the drying layer. The weight
of the product is weighed, ground and calculated according to the appropriate formula.

The moisture content in the material is characterized by an indicator of the mass fraction
of moisture (W) — it is expressed in percentage of the ratio of the weight difference of the
product type before and after drying to the weight of the sample prior to drying
W= (mi-mz/mz)* 100% , where m;—weight of weight loss before drying, g; m2 — weight of
weight loss after drying, g.

In an aluminum bake, pour the sand in an amount that is 2—3 times the weight of the
product (3 g), put a glass patch and dry for 30 minutes at a temperature of 150 degrees for
the celcius. In the dry sand bake add the weight of the product and mix with a glass rod. Put
the resulting mixture in a drying oven for drying. We dry for 1 hour. Cool in a desiccator and
weigh. The results are calculated according to the formula.

Currently, consumers prefer to import producers, as there is a misconception about the
poor quality of domestic products. The main task of modern meat processing enterprises is
gaining popularity on the market by manufacturing high-quality and safe products with
minimal losses.

During the processing of cattle (cattle) significant waste of secondary raw materials is
created that is not sufficiently fully and rationally used for food purposes. It is known that
about 1/3 of the total amount of raw materials of the meat industry is byproducts, blood,
bones and others. These all products contain a significant amount of animal protein. Industrial
processing of by-products, in comparison with their implementation not in the processed
form, allows you to increase profits in general more than 10 times. Consequently, the use of
offal raw materials is one of the possible ways of setting up rational production.

However, despite the obvious economic effect, the processing of by-products for food
purposes constrains the idea of their low nutritional and biological values, the complexity
and low efficiency of methods and techniques for their food processing and processing.

Offal sausages include edible secondary slaughter products. By their nutritional value
they are divided — on by-products I and Il categories. To category 1 include byproducts that
are equated with meat — tongue, liver, kidneys, brains, heart, udder, diaphragm, meat-eating
tail, meat oblique. Category Il includes less valuable offspring — pork scab, stomach, calico,
sichug, lungs, beef heads without tongue to the brain, trachea, spleen, swine legs and ears,
pylon joint, lips, beef ears, meat-and-bone pig's tail. Offal sausages contain an average
protein of 9-17, fat — 1,2-16%. The energy value of their 410-1402 kJ.

According to studies of the chemical composition of by-products, they contain
significant resources of animal protein: in the spleen, lungs, scars, squish, calcium, esophagus
—15-19%, ears and lips — 21-25%. Of which valuable protein —in the spleen — 13,2%, in the
lungs and esophagus — 10% [3] . By-products have a positive effect on juicing and the motor
function of the stomach and intestines, and, moreover, collagen is a source of natural fibers
that are healthy for health.

Specific for collagen properties are increased water and fat retaining ability, gel-
forming ability to expand the scope of application of collagen-containing by-products [5].

They can be used as a filler for raw materials when cooked sausages (cooked and semi-
smoked), meat loaves and chopped semifinished products. The highest amount of collagen is
found in the scar, lips and ears — respectively 50%, 66% and 71% of collagen to the total
protein.
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Results and discussion

The quality and safety of offal sausages form organoleptic, physico-chemical,
microbiological parameters, form the maximum permissible levels of the content of toxic
elements, and the content of radionuclides.

Requirements for organoleptic parameters of offal sausages

According to organoleptic parameters, sausages must meet the following standards:

The surface of the loaves — clean, dry, without spots, glabrations, shell damage and
stuffed stuffing, the consistence is elastic, the appearance of minced meat on the cut — the
minced meat is uniformly mixed, from pink to dark red, without gray spots and cavities and
contains pieces of fat, pork , breasts, beef or lamb fat, tanks (sacks), etc. It is allowed to reject
the size of individual pieces at the cut of their diagonal.

Taste and smell — taste pleasant, slightly sharp, salty, with a pronounced aroma of spices
and smoked, with the smell of garlic or without it, without foreign taste and smell.

The shape and size of the loaves — the loaves are straight or slightly curved in length
from 15 cm to 50 cm, in the belly — scratched bars in length from 15 cm to 35 cm

Physico-chemical parameters must meet the requirements given in Table 1.

Table 1
Physico-chemical parameters of sub-product sausage
Ne Name of indicator Characteristic and
norm

1. | Mass fraction of moisture, % 55

2. | Mass fraction of protein, % 13

3. | Mass fraction of fat 45

4. | Mass fraction of kitchen salt, % 4,5

5. | Mass fraction of sodium nitrite, % 0,005

6. | Mass fraction of starch, % 4,5

7. | Temperature in the breadth of the loop, during release from0to 12

in the implementation
Microbiological indicators are given in Table 2.
Table 2
Microbiological indicators of offal sausages
Microbiological indicators Norma

Bacteria of the group of intestinal sticks not allowed
(BGKP), in 1.0 g of the product
Sulfonating cholestridia: — 0.01 g of the not allowed
product
Staphilococus aureus in 1,0 g of the product not allowed
Pathogenic microorganisms, in particular not allowed
bacteria of the genus Salmonella, in 25 g of
the product.
L.Monocytogenes, in 25 g of the product. not allowed
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The maximum permissible levels of the content of toxic elements of offal
sausage must not exceed the standards specified in Table 3.

Table 3
Maximum permissible levels of the content of toxic elements
Name of toxic element Maximum permissible levels

Lead 0.50
Cadmium 0,05
Mercury 0,03
Copper 5,00

Zinc 70,00

Arsenic 0,10

The content of radionuclides in sausages should not exceed the permissible levels set
by the PL: 3"Cs — 200 Bq / kg; ®°Sr r — 20 Bq / kg.

Also, the quality and safety of the product is influenced by the way of its packaging.

The study of the terms of storage of offal sausage, depending on the method of
packaging, was conducted.

The most popular types of packaging are vacuum packaging or packaging in the MGS
environment [9]. Modified gas medium (MGS) is a mixture of gases that are present in the
usual atmosphere, but the content of one or two gases that slow down the process of food
spoilage increases with respect to the usual air cushion. Nitrogen serves as a filler to reduce
the concentration of other gases inside the package, as well as prevents the packaging from
swirling with the dissolution of carbon dioxide in the product. Oxygen slows the growth of
anaerobic pathogenic fungi, but in many cases, it does not directly affect the increase in shelf
life. So, as a result of scientific studies, it was found that for storage of the properties of meat
for 6 days, you can use a mixture of MGS with 20%

carbon dioxide and 80% oxygen. Carbon dioxide prevents the reproduction of
pathogenic bacteria and fungi, and oxygen allows you to save the fresh red color of the meat,
prevents the transition of muscular red dye in brown methymoglobin.

The object of the study was semi-smoked sausage.

The control sample was selected sausage of second-class offal, which was produced by
PJSC "Kozyatynsky meat-packing plant”, and differs from other sausage products by the fact
that it includes such by-products as tanks of pork and headed beef.

Store data for sausage products, usually at a temperature not higher than 6 °C and 75—
80% relative humidity. The term of sales of sausages is 6 days.

When storing the product in refrigerating chambers, at a temperature of —14 °C, it is
stored much longer, but the appearance, the value of such a product will already be broken.

Sausage shell and packaging directly affect how much it can be stored. Material for
the production of sausage can be both natural and artificial raw materials.

Natural materials can serve as intestines of different animals — lamb, pork, beef, etc.
Artificial membranes are mainly made from various plastics, viscose, cellulose, and
sometimes tissue. It is these shells most often used in production, since boiled sausage in
them has a much longer shelf life.

The most common of artificial coatings is a shell of polyamides components that have
high strength and reliability. In addition, they have antibacterial properties and do not allow
to enter the microbes and bacteria, resistant to the radiation of UV-protecting light
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product from premature spoilage, and their low ability to pass gaseous substances do
not allow foreign smells to spoil the aroma of sausage and prevents penetration of excess
moisture.

Sausage cooked in a similar shell can store freshness for about 2 weeks, but once its
integrity is broken, the product will need to be taken in the next few days.

The research was conducted for 6 days, the control points of the tests were 2, 4 and 6
days. The samples under investigation were 4, that is, a sample of sausage sub-product
without packaging, in polyethylene packaging, in parchment and a sample stored in a freezing
chamber at a temperature of -7 °C.

During the study, the quality of sausage during the storage of sausage was determined
by the content of the mass fraction of moisture and the level of pH, which is not standardized
in this type of sausages, but is an indicator that indicates the degree of freshness of sausage
products. The value of active acidity plays an important role in the storage of sausage
products. Changing this indicator in the direction of alkaline environment indicates the
beginning of the development of microorganisms and the beginning of damage to sausage.

During storage, the organoleptic parameters of offal sausages also changed (results of
the state of sausages stored in parchment, polyethylene and without packaging for 6 days
storage):

Baton surface — wet, sticky, consistency — elastic,

taste and smell — there is an extraneous flavor and smell.

The sausage wares stored in the freezer chamber changed their color from reddish to
light brown.

Changing the moisture content during storage is a natural process. This is due to mass
exchange, with the important role played by the degree of binding of moisture in the product

[4].
Mass fraction of moisture of the offal sausage

The results of the research are presented in Table 4.

Table 4
Results of the study of the mass fraction of moisture of the offal sausage
Mass fraction of moisture, %
Experimental sample Duration of storage
Control sample | 2 days | 4 days | 6 days

Fresh sausage, without packaging 51 46 44
Frozen sausage 52 52 52 51
Sausage in a plastic bag 52 53 55
Sausage in parchment 52 52 54

After analyzing the data obtained, we can conclude that the mass fraction of moisture
of fresh sausage, without packaging decreased, as the product without packaging is
characterized by drying out. The bulk of the moisture content of frozen sausages decreased,
the polyethylene increased significantly and increased slightly in parchment, as this type of
packaging was able to accumulate moisture.
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Active acidity of the offal sausage

According to the results of the study of active acidity, it was found that frozen sausage
does not change the active acidity, so the processes of damage do not occur, fresh sausage,
which was stored without increasing the pH. In sausage, which is stored in polyethylene and
parchment, the index of acidity also increases significantly significantly, hence the possible
processes of damage.

The results of active acidity studies are presented in Table 5.

Table 5
Results of study of active acidity of sausage subproduct

Experimental sample Active acidity
Duration of storage

Control sample | 2 days | 4 days | 6 days
Fresh sausage, without packaging 6,5 6,8 7
Frozen sausage 6,5 6,5 6,5
Sausage in a plastic bag 6,8 7,0 7,5
Sausage in parchment 6-7 6,78 6,90 7,2

Consequently, 4 samples of offal sausage , namely sausage without packaging, frozen,
in polyethylene packaging and in parchment, were investigated. As a result of researches it
was discovered that the maximum shelf life of off-product cooked sausages is 6 days, at a
temperature from 0 to +6 °C. When frozen sausages, quality indicators remain stable,
therefore freezing is effective for extending the storage period of sausages, but at the same
time the food value of the product is lost.

The use of polyethylene for packaging is possible, but in this case the product does not
behave as stable: moisture content increases significantly, thus accelerating the process of
deterioration. So the use of this kind of packaging is not effective. Packing in parchment is
the best way to pack.

Conclusions

Production of meat and meat products is an important component of the food industry,
and its development depends on solving a number of problems: provision of domestic
livestock feed to the feed base; optimization of the assortment of production of meat
processing products of the domestic producer in accordance with the needs of the market, as
well as the formation of a quality and safe product. In this case, it is extremely important to
select a quality and efficient packaging of the product. According to the research, the best
option is packaging of the product in parchment, because when using such packaging, the
quality parameters of the product, such as moisture content and pH are stable.
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Introduction. The purpose of research — to compare the cost
of nutrient mediums for obtaining culture fluids of
Acinetobacter sp. IMB B-7005 and Xanthomonas campestris
strains (xanthan gum producers) for its using in the secondary
oil extraction.

Materials and methods. Calculation of the culture fluid
amount and the cost of nutrients for the ethapolan (producer —
Acinetobacter sp. IMB B-7005) and xanthan (producers of
Xanthomonas  campestris  strains)  exopolysaccharides
production as oil extraction agents for 262 oil wells of Oil and
Gas Production Administration “Okhtyrkanaftogas” of JSC
“Ukrnafta” was carried out taking into account the following
parameters:4 times treatment per year of wells with the 15 m?
of EPS solution with its concentration 0,05%).

Results and discussions. On the basis of the data on the
concentration of synthesized polysaccharides by strains-
producer, the annual need for a culture fluid (545-1849 m®) was
calculated for the treatment of wells of the OGPA
“Okhtyrkanaftogas™ and the amount of product per fermentation
cycle according to selected technologies.

Theoretical calculations have shown that costs for the
nutrient medium preparing for Acinetobacter sp. IMB B-7005
culture fluid obtaining on waste sunflower oil after frying meat,
necessary for increasing secondary oil extraction at
“Okhtyrkanaftogas” wells in 1.8-5.4 times less than in the case
of ethapolan obtaining on C»-Cg substrates, molasses or their
mixtures.

Comparison of nutrient medium cost for the preparation of
ethapolan and the most famous polysaccharide xanthan obtained
on molasses on technical glycerine was made. The cost of
polysaccharide xanthan obtaining (in amount that would provide
oil extraction in equivalent quantity like in case of ethapolan
using) in 12.7-16.7 times higher compared to the ethapolan
obtaining.

Conclusion. Obtained results confirm the economic
feasibility of the ethapolan synthesis on waste oil for the
polysaccharide using in secondary oil production in comparison
with the technologies for xanthan obtaining.
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Introduction

The main part of the oil fields in Ukraine is now entering the final stage of development,
characterized by high watering of extracted petroleum and falling rates of production. The
development of oil deposits is maintained by sustentation of reservoir pressure by injected in it water,
which leads to regular wells watering, a sharp decline of oil yields and, as a consequence, stopping
of such wells. The course of this process is connected, first of all, with the inhomogeneity of the
collector in terms of permeability, porosity, presence of cracks, both technogenic and natural origin.
It should be noted that the residual oil reserves are concentrated in the impermeable part of the
collector [1].

Existing methods (pump, compressor, fountain) of oil production are imperfect, as they allow
to get 40-60% of geological oil reserves. That is why polymers of high viscosity are widely used in
the oil industry [1-3].

As a result of many years of researches (from the 1960's) and industrial testing of polymers in
the intensification of oil production, a number of requirements have been formed to it [2-4]: rapid
and complete solubility in water, stability of physico-chemical properties of the polymer in time and
under temperature influence, resistance to salts in reservoir waters, effective increase of water
viscosity at low concentrations.

In comparison with synthetic polymers, exopolysaccharides (EPS) of microbial origin have a
number of significant advantages, including those that allow them to be used in very harsh
conditions, where synthetic polymers using is ineffective [3]. Thus, EPS are stable at temperature
range of 100-120 °C, and some retain their properties even at 150 "C, which is corresponds to the
temperature range of the oil deposits. EPS are stable in a wide range of pH, both in acidic and alkaline
environments. The benefit of microbial polysaccharides, compared with other reagents, can be their
safety for both humans and the environment [3].

Despite a number of attractive properties of microbial polysaccharides, there are some factors
that inhibit their industrial production. Currently, the cost of polysaccharides of microbial origin is
still high, which is due to the high costs of biosynthesis and product allocation. Therefore, studies
aimed to solve these problems are among the main in biotechnology of the EPS.

Domestic polysaccharide of multifunctional purpose — ethapolan (producer Acinetobacter sp.
IMB B-7005) complies with the abovementioned requirements, in addition, using pilot-industrial
series of culture fluid containing ethapolan for secondary oil extraction at the production oil wells of
PJSC "Bashneft" had shown obtaining of additional 240 tons of oil under applying 1 ton of ethapolan
[5].

This exopolysaccharide has several advantages over other EPSs, including the most famous
polysaccharide xanthan (producer Xanthomonas campestris) [5]: higher viscosity of agueous
solutions, increasing viscosity in the presence of single- and bivalent cations, in the system Cu?*-
glycine and at low pH values, a significant increase of viscosity in zones of low shear rates, ethapolan
can stabilize emulsions of water with oil and other hydrocarbons due to the presence of a lipophilic
part in its molecule.

The purpose of the research —to compare the cost of nutrient mediums for obtaining culture
fluids of Acinetobacter sp. IMB B-7005 and X.campestris strains (xanthan gum producers) for its
using in the secondary oil extraction.

Materials and methods

For a comparative assessment of the effectiveness of using polysaccharides ethapolan
(producer Acinetobacter sp. IMV B-7005) and xanthan (strains-producers X. campestris MTCC
2286 [6], X. campestris 2103 [7]) for secondary oil extraction, the cost of nutrients was compared
according to different technologies for obtaining these biopolymers.
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Calculation of the amount of EPS-containing culture fluid was carried out for the Qil and
Gas Production Administration “Okhtyrkanaftogas” of JSC “Ukrnafta”, which owns 262 oil wells
inits fund [http://www.rada.com.ua/rus /catalog/8205] on the basis of the technology of microbial
polysaccharides using in the oil production, described in the patent "The method of isolation of
the formation water inflow" (USSR Pat. No. 1726732A1SU). According to the patent for the
intensification of secondary oil extraction for one oil well, solution of culture fluid with a
concentration of EPS not less than 0,05% (mass fraction of carbohydrates), the volume of which
is 15 m?, is using.

Technologies of ethapolan and xanthan obtaining

Technologies of ethapolan obtaining are shown in Table 1.

Calculation of culture fluid amount

Based on the concentration data of the synthesized polysaccharides given in Tables 1 and 2
and patent No. 1726732A1 SU data, the annual amount of culture fluid required for the treatment
of 262 wells of “Okhtyrkanaftogas” was calculated.

Calculation of the annual amount of culture fluid (G) was carried out according to the
formula:

G = 15000 x 0.5 x 262x4/ Xeps 1000 m® 1)

where 15000 — required amount of culture fluid solution for processing one oil well in accordance
with the patent Ne1726732A1 SU, 1; 0.5 — concentration of polysaccharide solution, g/l; — quantity
of oil wells of “Okhtyrkanaftogas”, pcs; 4 — number of wells processing per year; Xgps —
concentration of polysaccharide in a culture fluid, g/l; — coefficient of liters conversion into md;

Taking into account the total losses, the annual amount of post-fermentation fluid (Gan)
was calculated according to the formula:

G =G/(1-03+0.1) m? @)

where 0.3 — losses of the target product during biosynthesis;
0.1 — possible cases of non-sterile fermentation process.

Calculation of the culture fluid amount per cycle of fermentation (Gcyc) was carried
out according to the formula:

Geyc = GgnxTeye /Wx24  m? )
where W — number of working days per year (300 days); Tcyc — the cycle of the fermenter, which
includes the time of basic fermentation (30 h) and the time of fermenter preparation to work (10
h).

) On the basis of Geyc, the number of stages of inoculum preparation (N):
N= Gcycxn @)
where n —amount of inoculum, given in the notes of Tables 1 and 2 for every technology.

At the next stage, the cost of the nutrient medium was calculated, in order to obtain the
culture fluid for the fermentation cycle, taking into account the costs of the inoculum receiving.

The prices (for the period of November 2017) of the mediums components in accordance
with the catalog «Tehnohmyay [https://tehnohmya.uaprom.net], «Promkiny
[https://zp.prom.ua/ua/c 2353605—fop-promkin.html] and site [https://flagma.ua] were used for
calculations.

According to the literature [6, 7], mediums which are shown in Table 2 were used for
X.campestris cultivation.
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Table 1
Characteristics of ethapolan obtaining technologies
] Concentration (%) =
= g of carbon source for z’ o
% é = g wn 'g é
% 2 é § % Mineral salts, g/l Q. f_.;u g
- |-
©) 2 o o
KH,PO4—6.8
KOH-1.8
st | ethanol 10 10 Niﬂ;fg. - 425 | 8]
MgSO4—0.4><7H20
yeast autolysate — 0.25
KH,PO4—6.8
ethanol, KOH-1.8
ethanol+ | ethanol, 0.75+ NH4NOs-0.6
Ne2 glucose 0.5 glucose, KCI-1.4 8.3 [l
0.75 MgS0O4—0.4x7H,0
yeast autolysate — 0.25
ethanol, KH>PO,s-3.4
ethanol+ | ethanol, 0.75+ KOH-0.9
Ne3 molasses 0.5 molasses, MgS0.—0.4x7H,0 8.35 [10]
0.75 yeast autolysate — 0.25
sodium KH>P04-2.0
sodium sodium acetate, MgS0.—0.4x7H,0
Ned4 | acetate+ acetate, 1.1+ 9.7 [11]
molasses 0.7 molasses, | yeast autolysate —0.25
0.75
KH2PO4—6.8
| refined | waste oil KOH-0.9
Ne5 | waste oil 0il 05 50 ' NHsNO3;-0.6 14.4 [12]
T ' MgS0O4—0.4x7H,0
yeast autolysate — 0.25

Notes: 1. Mediums according to technologies Ne 1-5 also contained macro-elements (g/1):
CaCl,x2H,0 — 0.1; FeSO4x7H,0 — 0.001, the cost of which was not taken into account because
of their insignificant amount.

2. In mediums Ne 1-4, 0.0006% of pantothenate was used as a growth factor and in medium
Ne 5 — multivitamin preparation "Complevit" (0.00095%, in recount to calcium pantothenate).

3. Hydrolysed molasses were used in mediums Ne 3 and 4, (20 ml of 1 N H>SO, were added
to 100 g of molasses).

4. Quantity of inoculum for technologies Ne 1, 2 is 5%, for technologies
Ne 3-5 — 10%.
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Table 2
Characteristics of xanthan obtaining technologies
Medium for EPS
Techno- - .
Producer inoculum . . concentration, | References
logy - biosynthesis
preparation g/l
molasses, 10
all;
X campestis molasses, 1%; g;:la'\st extract, 10
I mTce | KeHPOL 2015 | ieotipoy, 2 g 12.3 [6]
2286 n Tween 80, 0.3
g/l .
g/l
MgS0O4x7H20,
0.1g/1
glucose,1.0%;
yeast extract, crude glycerin,
X.campestris | 0.3%; 2%;
11 2103 malt extract, urea, 0.01%; 7.2 [7]
0.3%; KH2PO4, 0.1%
pepton, 0.5%
Notes:

1. Hydrolysed molasses were used in mediums I (10 ml of 5 N H,SO,4were added to 200 ml
molasses, after which mixture was stirred and sparged with air for 15 minutes).
2. Quantity of inoculum for technology I is 5%, for technology II — 10%.

Results and discussions
Analysis of various technologies of ethapolan obtaining

A number of technologies have been developed for the EPS ethapolan production (see
Table 1), each of which has its advantages and disadvantages. Thus, in particular, in
technology Me 1 (basic technology) [8] ethanol is used as a carbon source. This technology
was developed in the late 80's and early 90's of the XX century, when using of such substrate
was expedient, since in the former USSR it was popular to use non-food raw materials
(methanol, ethanol, ethylene glycol, etc.) through their low cost. But the situation has
changed and every year the cost of ethanol is increasing. Thus, in 2015 state enterprise
“Ukrspirt” raised the price of the ethyl alcohol of luxury class for decalitre from 175 to 265
UAH, and since April 2016 the price was increased by another 19% [https: //www.kmu.
gov.ua/ua/news/247982137?=print], respectively, such a sharp price change complicates
implementation of ethapolan technology production on ethanol.

One of the approaches to intensify synthesis of microbial polysaccharides is using of
growth substrates mixture. Under simultaneous consumption of substrates mixture by
microorganisms, increasing of biomass and the target product quantities, the growth rate and
the reduction of the lag phase length were observed [13]. Technology M2 2 involves synthesis
of 8.3 g/l of ethapolan in a mixture of ethanol and glucose [9]. Compared to the basic
technology, the quantity of synthesized ethapolan is 2 times higher, but the disadvantages of
this technology are high cost of both substrates, as well as the risk of glucose contamination.

Wastes from sugar production (molasses and sugar syrup) are widely used in the
industrial production of polysaccharides [14]. Technology Ne 3 [10] envisages using of
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ethanol and molasses mixture as a source of carbon and energy. In addition, the salt content
in the medium is almost 4 times lower than in the basic one. The advantage of this technology,
in comparison with technologies M I and 2, is the low cost of molasses and no need of an
additional source of nitrogen feed, since molasses contain about 1.1% of organic nitrogen
[10]. However, on the other hand, this substrate can be a source of contamination, since it
contains carbohydrates.

A possible solution of the problem of ethanol high cost is its replacement with sodium
acetate (Technology Ne 4 [11]). The medium for ethapolan obtaining, which contains a
mixture of sodium acetate and molasses, is cheaper compared to the basic one. It should be
noted that molasses according to technologies 3 and 4 require hydrolysis, which requires
additional costs and time [10, 11].

Despite the availability and low cost of molasses, this technology has some
disadvantages: 1) high risk of contamination; 2) the need for using antifoaming agent (since
foaming occurs under molasses mixing); 3) the presence in molasses composition of possible
inhibitors of microorganisms growth (betaine, metal cations) [13].

The advantage of technology Ne 5 is using waste sunflower oil as a substrate for the EPS
synthesis. It should be noted that besides affordability and low cost, this substrate does not
require sterilization and may contain additional growth factors that have gone from food
during frying [12]. However, depending on the multiplicity of oil using, it may contain toxic
impurities, which can be inhibitors of producer’s growth and target product synthesis.

Note, that technologies 1-4 envisage using of 0.0006% of pantothenate calcium,
according to which the strain IMV B-7005 is auxotrophic. But in Ukraine there is no
production of vitamin Bs, therefore there is a need of expensive imported substance. In turn,
technology MNe5 envisages using the multivitamin complex "Complevit” of Ukrainian
production as a source of vitamin Bs [12].

The final data on the calculation of the ethapolan-containing culture fluid amount,
which must be obtained during the fermentation cycle, are shown in Table 3.

Table 3
Data of the Acinetobacter sp. IMB B-7005 culture fluid amount calculation
for secondary oil extraction
Annual
guantity of | Quantity of Quantity
. Annugl CF with CF per of
Concentration | quantity N . .
Technology taking into | fermentation | inoculum
of EPS, g/l of CF .
(G), m? account cycle (Geyc), | production
' losses (Gan), m?® cycles, pcs.
m3
Nel 4.25 1849.4 3082.3 17.1 3
Ne2 8.3 946.4 1577.3 8.8 3
Ne3 8.35 941.3 1568.7 8.7 4
Ned 9.7 810.3 1350.5 7.5 4
No5 14.4 545.8 909.7 5.1 4

Note: CF — culture fluid
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Based on the data given in Tables 1 and 3, the cost of various nutrient mediums for the
ethapolan preparation was calculated (Table 4).

Table 4
Composition and cost of nutrient mediums for various ethapolan production technologies

Techno- Components of Price, Quantity of | Cost of the rﬁﬁe?:t
the nutrient components, | component, .
logy medium UAH/kg kg UAH medium,
UAH
ethanol 96% 70.0 158.3 11081.8
KH2PO4 47.0 122.4 5752.8
Nel KOH 36.1 32.3 1166.0
Bz;sic KCI 16.2 25.2 408.2 18956
NHsNO; 12.6 10.8 136.1
MgS0O4x7H,0 7.1 7.2 51.1
yeast autolysate 80.0 4.5 360.0
ethanol 96% 70.0 60.2 4214.0
glucose 31.2 66.0 2059.2
KH2PO4 47.0 62.8 2951.6
KOH 36.1 16.6 599.3
Ne2 NH4NOs 12.6 5.6 70.6 10313.9
KCI 16.2 12.9 208.9
MgSO4x7H.0 7.1 3.7 26.3
yeast autolysate 80.0 2.3 184.0
ethanol 96% 70.0 56.1 3927.0
molasses 3.5 130.5 416.8
KH,PO4 47.0 32.9 1546.3
Nes3 KOH 36.1 8.7 314.1 6422.9
MgSO4x7H.0 7.1 3.8 26.9
yeast autolysate 80.0 2.4 192.0
sodium acetate 56.4 88.3 4980.1
molasses 3.5 112.5 395.8
Ne 4 KH2PO4 47.0 16.7 784.9 6352.4
MgSO4x7H,0 7.1 3.3 23.4
yeast autolysate 80.0 2.1 168.0
waste sunflower oil 5.38 237.1 1275.0
refined oil 37.4 2.6 97.4
KH,PO4 47.0 38.5 1809.5
Ne 5 KOH 36.1 5.1 184.1 3535.6
NH4NO3 12.6 3.4 42.8
MgSQO4x7H,0 7.1 2.2 15.6
yeast autolysate 80.0 1.4 112.0
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Thus, data of the Table 4 show that the most effective and economically feasible is
technology Ne 5. Costs for nutrient medium according to this technology are 55-80% lower
compared to others. In addition, the cost of the selected medium can be reduced by replacing
the refined oil with the waste one for inoculum obtaining. Our latest research has
demonstrated the ability of using oil of any quality and its mixtures, which makes it possible
to develop a universal technology that is independent of the raw materials supplier [11].
Worth to notice that besides the economic benefits, using as a substrate of waste oil also has
environmental benefits, since the emissions of oils to the environment are not regulated.

Accordingly, for the comparative evaluation of ethapolan and xanthan polysaccharides
using effectiveness, technology Ne5 was considered as the main one.

Analysis of technologies for xanthan production on industrial waste

Xanthan is one of the most famous polysaccharides, the annual production of which is
30000 tons, which in the monetary equivalent is 408 million dollars USA and every year the
need for it increases [14]. Note that, in general, hydrocarbon substrates (glucose, sucrose,
starch) are used for xanthan gum obtaining [15, 16]. But among the large number of
technologies described in the literature, for the analysis, the technologies for this EPS
obtaining on industrial waste were chosen, since the medium for ethapolan obtaining also
contains waste oil.

It is worth noting that xanthan, unlike ethapolan, has no ability to increase the viscosity
of the solution in the presence of copper salts, respectively, to obtain the required viscosity,
culture fluid of xanthan should be used in 10 times more compared to ethapolan.

The generalized data of the X.campestris culture fluid needs are given in Table5.

Table 5
Generalized data of calculation of
X.campestris culture fluid as oil-pressuring agent
Annual .
Annual | quantity of CF nggt'té/rOf Quantity of
Techno- | Concentration | quantity with taking fermenﬁation inoculum
logy of EPS, g/l of CF into account cycle production
3
(G),m losses gGan), (Geyc), m? cycles, pcs.
m
I 12.3 6390 10650 59 5
11 7.2 10917 18194 101 5

Note: CF — culture fluid

Based on the data given in Tables 2 and 5, the cost of various nutrient mediums for the

xanthan preparation was calculated (Table 6).
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Table 6
Composition and cost of mediums for the xanthan production on industrial waste

Components of . Quantity of Cost of the Cost of
Techno- - Price, .
o the nutrient UAH/K components, | component, | medium,
9% medium g kg UAH UAH
molasses 35 621.7 2175.9
yeast extract 80.0 590.0 47200.0
I K:HPO, 47.0 124.3 5842.1 58945.4
Tween 80 195.0 18.9 3685.5
MgS04x7H,0 7.1 5.9 41.9
crude glycerin 14.2 2020.0 28684.0
glucose 31.2 110.0 3422.0
yeast extract 80.0 67.0 5360.0
I pepton 75.0 35.0 2625.0 449280
KH>PO4 47.0 101.0 4747.0
urea 9.0 10.0 90.0

Datain Table 6 indicate that technology of xanthan obtaining on crude glycerine is more
effective. In addition, to date, the problem of crude glycerine utilization is much sharper than
molasses, as annual biofuel production is increasing. It should be noted that for every 100
liters of biodiesel, almost 10 liters of crude glycerol (the so-called glycerol fraction) are
forming [17].

Although the technology of xanthan production on glycerol is more effective than on
molasses, but compared with technology Ne5, the cost of nutrient medium preparing for EPS
obtaining (for secondary oil extraction) is 13 times higher. It is due to a significantly cheaper
carbon source using, higher in twice EPS-synthesizing ability of Acinetobacter sp. IMB B-
7005 compared to the xanthan’s producer, as well as lower costs of EPS-containing culture
fluid for wells processing.

Conclusions

Consequently, theoretical calculations of the cost for preparing the nutrient medium for
production of the Acinetobacter sp. IMB B-7005 culture fluid required for increasing
secondary oil production at “Okhtyrkanaftogas” (262 units) is 3535.6 UAH, while for the
well-known EPS xanthan (in the amount that will produce equivalent amount of oil) — 44928
UAH.
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Introduction. The research purpose is to determine the
effect of the degree of product grinding on the processes of
drying titanium dioxide paste and the drying of finely divided
particles of titanium dioxide to a low residual moisture content
of 0.3%.

Materials and methods. The processes of drying and post
drying of fine disperse titanium dioxide paste in vortex fluxes
of the heat carrier with the use of continuous grinding of the
initial product were carried out in a conical dryer of the vortex
type, which includes a special device for shredding the product
— dispersant, feeder-dispenser and separation zone.

Results and discussion. The initial moisture content of
titanium dioxide was 50-55%. The processes of drying and post
drying the paste of titanium dioxide in the vortex flow of the
heat-carrier during the application of the original design of the
drying apparatus with a knife dispersant and a zone of drying of
the material occurred to a low residual moisture content of
0,3%. In this case, the temperature of the coolant at the inlet to
the drying chamber was 120 °C, and the volume flow i.e. 50
m3/hour. During the process, the values of the temperature and
humidity of the coolant were automatically measured at the inlet
and outlet of the drying chamber and samples of dispersed
particles were taken from the grinding zone. Experimentally
established dependences for calculating the degree of grinding
of z agglomerates of titanium dioxide paste and the value of the
drying rate coefficient K, for titanium dioxide, which is 0,17—
2,5 m/s was obtained. In addition, the kinetics of the drying
process completely described the drying curve, namely the
initial moisture content of the paste was Up = 1,17 Kguw/KQa.d.p.,
Uier = 0,23 Kguw/KQadp., €quilibrium moisture content i.e. U, =
0,003 kgw/Kga.d.p.. In the first period, the paste was dried at 37 °C
of wet thermometer. The optimum temperature conditions of the
coolant for drying the titanium dioxide paste, which are 90-120
°C at the entrance to the drying chamber and 65-90 °C at the
outlet was obtained.

The result of calculating the mathematical model is the
degree of grinding that is 10-15 conventional units.

Conclusions. The kinetics and methods of intensification
of the processes of grinding, drying and drying of agglomerates
of titanium dioxide paste were investigated and the parameters
necessary for designing industrial drying machines were
established.
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Introduction

Over the last decade, the world market has seen a sharp increase in demand for titanium
dioxide pigment TiO, [1-2]. Due to its properties, titanium dioxide is used in the production
of a wide range of goods for different purposes. At the present time quite a few scientific data
on the kinetics of drying process of fine paste of titanium dioxide and main parameters of
drying. Also, the effect of the degree of grinding of TiO, agglomerates on the intensity of the
process of drying and drying of the product to a low residual moisture content of 0,3%
remains insufficiently studied.

The process of drying paste on titanium dioxide is the most energy-intensive and limiting
process in TiO; production technology [3], which requires a reduction in the cost of heat
energy for drying the paste, increasing the drying rate and improving the quality and ensuring
a low residual moisture of the finished product [4]. Therefore, the study of the process of
drying paste of titanium dioxide and the development of new high-efficient and energy-
saving equipment for obtaining a TiO. product with high given mechanical and consumer
properties is an urgent task.

The purpose of experimental studies is to determine the effect of milling agglomerates
of a TiO; paste on the processes of drying and drying the titanium dioxide paste in the vortex
fluxes of the heat carrier by increasing the contact surface of the product with the coolant and
the agglomeration of the agglomerates of the paste by dry powdered titanium dioxide
particles.

Select the type of dispersant

In the technology of TiO, pigment production, the process of grinding (dispersing)
agglomerates of paste is one of the expensive and energy-intensive processes. The cost of
production of titanium dioxide is inversely proportional to the size of the fine particle size of
the pigment TiO. [5], which according to the requirements of state standards should be not
more than 15 microns [6]. In this regard, the effective shredding of the titanium dioxide
pigment is the most important operation in the production process. Necessary optical
properties of fine particles, and in particular e.g. the ability to disperse light (dispersing
ability) e.g. the greater the finer the crushed particles of the dispersed phase. The optimum
size of the particle size lies in submicron ranges.

In the drying apparatuses of the boiling layer for drying the TiO, paste, the following
types of dispersants are most commonly used (Figure 1 [7-8]):

Figure 1. Types of dispersants
a — dissolver; b — knife disperser; ¢ — disk dispersant
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The analysis of the designs of the boiling fluid drying apparatuses with the product
dispersant [6-9] shows that the most widely used knife dispersers have a number of
advantages: prevents sticking the product to the surface of the camera; allows you to work at
high speeds; significant speed and degree of shredding.

Therefore, one of the most important aspects for reducing production costs and cost of
valuable product, as well as for guaranteeing the necessary decorative and protective
properties of the titanium dioxide pigment and coatings on its basis, is the correct selection
of dispersing equipment and its efficient work.

Materials and methods
Experimental installation

In order to achieve the set tasks and solve kinetic equations describing the processes of
shredding, drying and drying of titanium dioxide paste, a specially designed methodology for
carrying out the experiment was used.

Investigation of the processes of grinding, drying and drying of finely divided paste of
titanium dioxide in vortex flow of heat carrier was carried out on a pilot drying plant. The
composition of the drying unit includes (Figure 2) a drying apparatus of a vortex type
equipped with a dispersant for grinding agglomerates of a paste of TiO, [Patent of Ukraine
No. 108688 of the IPC F26B 17/10 (2006.01)]. Also, the authors of the article developed a
method for drying paste-like products, on which the design of a pilot drying apparatus [Patent
of Ukraine No. 107089 of the IPC F26B 17/10 (2006.01)].

Measuring complex

The pressure drop in the dispersion zone and the drying zone was continuously measured
by two differential pressure sensors D, and D5. The drive power P (Figure 2) of the dispersant
was measured by a measuring complex of type K50 Nel654, coolant flow rate i.e.
difamonometer D,, the temperature and humidity of the vortex fluxes of the coolant and
particles of titanium dioxide by the computerized system when applying moisture and
temperature sensors MLX90614 (W/T) with a frequency of 63 measurements per second (63
Hz) connected to the computer through the controller Arduino Pro Mini. Diagram of
placement of devices and data transmitters, difemometers and main elements is shown in
Figure 2.

Materials

To carry out experimental studies of the processes of grinding and drying the titanium
dioxide paste, a thyrotrophic fine titanium dioxide titanium dioxide TiO, with an initial
moisture content of w = 55% and a density of p = 2173 kg/m® [10] was used which reduced
viscosity and increased fluidity under mechanical influence. Thixotropy paste is a very
important indicator of the product, due to which it is possible to feed this paste of TiO; into
a drying chamber at an initial drying rate of 80% using a screw or lobed feeder [11-12],
which will not clog.
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Figure 2. Scheme of a computerized system for measuring the power of a dispersant, fans,
temperature and humidity in an experimental drying plant:

1, 7 — booster and exhaust fans; 2 — heater; 3 — dispersant; 4 — drying chamber; 5 — feeder-dispenser;
6 — sleeve filter; 8 — temperature and humidity sensor MLX90614 (W/T); 9 — microcontroller Arduino
Pro Mini; 10 — computer for visualization and data storage; 11 — diaphragm;

12, 13, 14 — difemometers; 15 — Electric drive; 16 — measuring complex type K50 Ne1654

Results and discussion

Physical modeling of the effect of the grinding process of agglomerates of TiO2 paste
on the processes of drying and drying the product in a vortex dryer

Agglomerates of the TiO; paste enter the bottom of the drying chamber (Figure 4a) using
a feeder feeder on a knife disperser (Figure 4b) rotating at a speed of 2860 1/m. The dispersant
continuously shreds the agglomerates of the product and forms a new surface through which
the product contacts the coolant.
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Figure 4. Diagram of a drying apparatus equipped with a dispersant
a — diagram of the physical model of the processes of grinding and drying paste of TiOz;
b — knife disperser;
A — dispersion zone; B — separation zone of finely divided TiOz; C — zone of drying powder TiOz;
1 —disperser shaft; 2 — knives; 3 — remote washers

Continuous grinding of titanium dioxide in the drying chamber of the device allows
significantly increasing the drying speed of the product and reducing the energy consumption
of the process.

The physical model includes shredding, drying and drying of the TiO; paste includes:
the supply of a thyrotrophic paste to titanium dioxide in the form of the formed separate
clusters of TiO; particles, which are interconnected by forces of surface tension in the zone
of the vortex layer A;
contact and powdering the cluster surface with the dried product;
intensive drying of the surface moisture of the material with simultaneous continuous
grinding in zone A with a knife dispersant;
removal of small particles of product from zone A into separation zone B by a vortex flow
of a coolant with reduction of the axial component of speed;
separation and drying of adsorption-coupled moisture in the zone C of fine particles to low
residual moisture content of 0.3%.
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Mathematical description of the processes of grinding, drying and drying of finely
divided paste of titanium dioxide

Equation of the energy of the drying process [13-15]:

dQ =dQ, — dQ, (1)
Writing the components of equation (1), we obtain:

OFpare. o
Ga.d.p. ' (Ca.d.p. +cyU)- atpart. =a- %ﬂ ' (tc. - tpart.) 0T — Ga.d.p. e T 0T, (2)

where dQ is heat flow to heat paste, kJ; dQ, is convective heat flow from the drying agent,
kJ; dQ, is heat flux on the evaporation of water from the paste of titanium dioxide, kJ; Gg q.p.

is flow of a completely dry powder of titanium d|0X|de ; w is speed of the drying agent
(alr) ; Lis equivalent dlameter of the particle of titanium d|0X|de paste, m; v, is kinematic

VISCOSIty of the coolant, » Ca.ap. 1S Specific heat of a titanium dioxide powder L = Cw is

specific heat of water, — U is moisture content of titanium dioxide, —2*—; & is mass
adp

transfer coefficient from the coolant to the particle surface Fpm is outer surface of the

particle, m?; t. is temperature of coolant, °C; t, 4. is temperature of particles, °C; E is
drying speed, i; r is specific heat of steam generation, k]—g; dr is drying time, s.

The drying rate in the first period is limited by the amount of heat flowing from the
coolant [9], and in the second period, the rate of desorption of adsorption-bound moisture.
The grinding process does not limit the drying process.

On the basis of the equation of thermal energy (2), the basic equation of mass deducing
[15-18] and the law of grinding [1], the mathematical description of the drying process can
be represented by the following system of equations:

Otpart. _ . 0Fpart. i te—tpart. _ %_Z'r
at at Gadp. (CadptewlU)  cCadptewU
W_p. anart  Ps(1-9) —-D-YF .oc , ?3)
ok Patm art
0Fpart. = kz
at

where B is mass transfer coefficient from the coolant to the particle surface, %;

P, is saturated vapor pressure, Pa; ¢ is relative humidity of the coolant, %;
D is coefficient of molecular diffusion, m/s; k is grinding factor; z is degree of grinding;
aC is the driving force of the drying process.

Initial conditions for a given system of equations (3):

Ulr=o = Up, Uz = Uy, To = 0,8 = ty,dp = 1 mm, 4)
a="2 ),

Nu = 0,021 - Re®8 - pro43 . (21025 ¢ [19-20].

Prwail
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The dependence % describes the process of dispersing the agglomerates of the TiO>
paste, taking into account the speed of rotation, the length of the cutting edges and the shape
of the disperser knives.

Experimental studies of kinetics of TiOz2drying

Dependence of moisture content of paste on dioxide U,% from drying time 7, s at
w

volume flows of the coolant 50 m%h and initial temperatures of the coolant 90-120 °C, and
the initial humidity of the paste TiO, 54% is presented as a graphical dependence on figure

5.

1,2
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Figure 5. The dependence of the moisture content U of the paste TiO2 on drying time

Figure 5 shows that the same amount of paste of titanium dioxide at an initial temperature
of the coolant temperature of 120 °C acquires equilibrium moisture content 36 seconds after
the start of drying, and at 90 °C i.e. after 44 seconds. The graphs clearly show the first and

second periods of drying, and the value U, = 0,22 %.

The thermal curves describing the experimental dependence of the temperature of the
product on drying time are presented in Figure 6.
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Figure 6. Dependence of temperature t on drying time

Figure 6 shows that the temperature of the wet thermometer of the product is 31 °C and
37 °C at an initial temperature of the coolant 90 °C and 120 °C, respectively. From the graphs
a constant temperature (temperature of the wet thermometer) is observed, which corresponds
to the area of the first drying period, when the drying rate is constant.

Experimental studies of the process of grinding agglomerates of paste

The grinding process was investigated on a knife disperser (Figure 7). The dependence
of the current strength on the time of dispersion is depicted in Figure 7.

The data of current strength was obtained by video recording of ammeter displays, and
the time of dispersion was measured by a stopwatch. For grinding, dried in an electric oven
att =105 °C, titanium dioxide was used, since the hardness of the dry product would be much
greater than the hardness of the wet paste of TiO.. Three experiments were carried out for
samples of dried product 0.3 kg, 0.6 kg and 1 kg. The force of the idle speed of the knife
disperser was 3.5 A.

As can be seen from Figure 7, the maximum jump in current on the dispersant drive
reached 5.32 A when loaded with 1 kg of product. The grinding fine particles of the product
were deposited with a coolant in the unit filter bag.
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Figure 7. The dependence of the current | of the dispersant on the time of shredding t

Conclusions

It was found that the grinding process of agglomerates of TiO, paste significantly
intensifies the process of drying and drying the titanium dioxide product, which in turn

. . ou . . . JF,
increases the drying rate > by continuously increasing the value %”'.

It was established that the process of grinding agglomerates of paste of TiO; significantly
intensifies the process of drying and drying the product of titanium dioxide, namely

increasing the drying rate, by increase the value FL‘T‘” Simultaneous grinding of

agglomerates of a product helps to reduce energy costs for further grinding of the product

after the drying stage. The initial coolant temperature can be increased to 300 °C, and volume
3

flow reduced to 30;:7. The resulting design of the dryer provides a combination of grinding,

drying and drying of fine titanium dioxide paste.
The result of this work is to find ways to increase the drying rate of fine titanium dioxide
paste and obtain TiO2 product with high specified mechanical and consumer properties.

References

1.  (2014), Podbor dispergiruyushchego oborudovaniya dlya proizvodstva pigmentirovannyh
lakokrasochnyh materialov, available at: https://www.himtek-
yar.ru/useful/lkm_technology/1669/.

80 ——Ukrainian Journal of Food Science. 2018. Volume 6. Issue 1



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Processes and Equipment

Marcus R., Leung L., Klinzing G., Rizk F. (1990), Pneumatic Conveying of Solids: A
Theoretical and Practical Approach, 1st Ed, Powder Technology Series, Great Britain.
Pecora A., Goldstein L., Lombardi G., Pagliuso J. (1994), New particulate solids pneumatic
feeding device with mass flowrate control, Powder Technology, Great Britain.

Pugsley T., Milne B., Berruti F. (1996), An innovative non-mechanical solids feeder for high
solids mass fluxes in circulating fluidized beds, Powder Technology Journal, 2, pp. 123—
131.

Ferreira M., Freire, J. (1992), Fluid dynamics characterization of a pneumatic bed with a
spouted bed type solid feeding system, The Canadian Journal of Chemical Engineering, 7,
pp. 905-909.

Littman H., Morgan M., Paccione J., Jovanovic S., Grbavic Z. (1993), Modeling and
measurement of the effective drag coefficient in decelerating and non-accelerating turbulent
gas-solids dilute phase flow of large particles in a vertical transport pipe, Powder Technology
Journal, 5, pp. 267-283.

Grobovenko Y., Marchevskii V. (2018), Kinetics of drying the titanium dioxide paste in the
vortex dryer, Ukrainian Food Journal, 7(2), pp. 311-323.

Costa 1., Ferreira M., Freire, J. (2004), Analysis of regime transitions and flow instabilities
in vertical conveying if coarse particles using different solids feeding systems, The Canadian
Journal of Chemical Engineering, 3, pp. 48-59.

Markowski A. (1992), Drying Characteristics in a Jet spouted Bed Dryer, Can. J. Chem.
Eng., 5, pp. 156-163.

Barret N., Fane A. (1990), Drying Liquid Materials in a Spouted Bed, New York
Hemisphere Publ, 8, pp. 278-286.

Jong J., Hoffmann A., Finkers H. (1999), Properly Determine Powder Flowability to
Maximize Plant Output, Chem. Eng. Prog., 4, pp. 135-142.

Grobovenko Y., Marchevskii V. (2017), Modeliuvannia protsesu sushinnia
dribnodyspersnykh chastynok TiO, v pototsi sushylnoho ahentu, Visnyk Natsionalnoho
tekhnichnoho universytetu Ukrainy “KPI”, Khimichna inzheneriia ekolohiia ta
resursozberezhennia, 1, pp. 78-81.

Grobovenko Y., Marchevskii V. (2018), Aerodynamika vykhrovykh potokiv sushylnoho
ahentu u sushylnii kameri. Visnyk Zhytomyrskoho derzhavnoho tekhnolohichnoho
universytetu, seriia “Tekhnichni nauky”, (1), pp. 22-25.

Grobovenko Y., Marchevskii V. (2016), Protses sushinnia pasty dioksydu tytanu u
vykhrovomu sushylnomu aparati, Naukovyi zhurnal “Smart and young”, 11-12, pp. 55-58.
Dmitriev V. (2013), Konvektivhaya sushka polidispersnykh materialov v apparatakh
zakruchennogo  vzveshennogo sloya, Vestnik Tambovskogo gosudarstvennogo
tekhnicheskogo universiteta, 3, pp. 602—606.

Adamiec J. (2002), Drying of waste sludges in a fluidized bed dryer with a mixer, Drying
Technology, 20, p. 839.

Bait R., Pawar S., Banerjee A., Mujumdar A., Thorat B. (2011), Mechanically agitated
fluidized bed drying of cohesive particles at low air velocity, Drying Technology, 29, p. 808.
Puspasari I., Talib M., Daud W., Tasirin S. (2012), Drying kinetics of palm oil frond
particles in an agitated fluidized bed dryer, Drying Technology, 30, p. 619.

Chongdian S., Wu J., Wang Y., Zhang Y., Shang X. (2015), Drying of low rank coals: A
review of fluidized bed technologies, Drying Technology, 33, p. 277.

Kim J., Han G. (2006), Effect of agitation on fluidization characteristics of fine particles in
a fluidized bed, Powder Technology, 166, p. 113.

—/Ukrainian Journal of Food Science. 2018. Volume 6. Issue 1 — 81



Processes and Equipment

Comparative analysis of equipment and research the
superfine grinding process of titanium dioxide and
quinacridone red suspensions in the bead mill

Kateryna Hrininh, Ruslan Hordeichuk, Oleksii Gubenia

National University of Food Technologies, Kyiv, Ukraine

Keywords:

Grinding
Beads

Mill
Pharmacy
Cosmetics
Suspension

Abstract

Article history:

Received
25.01.2018
Received in revised
form 27.05.2018
Accepted 29.06.2018

Corresponding
author:

Kateryna Hrininh
E-mail:
neackriss@
gmail.com

DOI:
10.24263/2310-
1008-2018-6-1-11

Introduction. Analytical and experimental research
was conducted to improve the process and equipment for the
superfine grinding of medicinal and cosmetic preparations.

Materials and methods. On the basis of modern
scientific literature and own experience was given a
comparative analysis of modern equipment for ultra-fine
grinding. In the investigation are used suspensions of
titanium dioxide and quinacridone red 122 with the vaseline
oil.

Results and discussion. Among the recommended
installations, the most versatile, productive, compact, energy
saving, with high degree for grinding (up to 1 microns),
effective in the process of dispersion and homogenization,
have a simple constructive solution are bead mills.

When grinding titanium dioxide over a period of 0 to 30
minutes, the power increases from 205 to 209 W. The
temperature of the suspension is from 21.9 to 23.4 °C, the
density increases from 889 to 1176 kg/m?®, and the particle
size decreases from more than 100 um to 10 um. The most
intensive grinding in the first 5 minutes of the process. When
the quinacridone red 122 is grinded, the power is increased
from 205 to 210 W, the temperature of the suspension is
from 22.4 to 24.3 °C, the density increases from 870 to 952
kg/m3, and the particle size decreases from more than 60 pm
to 2 um, while the most intensive grinding occurs in the first
5 minutes of the process.

Conclusions. Among the recommended installations,
the most optimal and productive are bead mills. It is
recommended to carry out the grinding process on the bead
mills periodically with the circulation of the suspension with
the obligatory cooling.
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Introduction

In the modern production of pharmaceuticals and cosmetics, a high degree of grinding
of the raw material for further use is of great importance. When the technological process of
the produce of the soft dosage forms is implemented, it is necessary to distribute and grind
fine dispersed solids in a liquid medium, because during storage and transport of the starting
material, the particles stick together forming the conglomerates, and the powder particles
have an irregular shape and a non-uniform particle size distribution [12] and such raw
materials can't give the product the necessary efficiency and quality. Therefore, the
obligatory stage in the production of ointments, liniments, gels and pastes is dispersing [2].
This task perfectly solve the bead mills, which are used for grinding a wide range of different
products, including pharmaceutical and cosmetic industries.

Exposition
Comparative analysis of existing equipment for superfine grinding

For today, there are such type of machines for superfine grinding: bead mills, three-roller
mills, colloid mills, jet mills, vibrating mills, planetary mills.

Three-roll mills. Rolls that are rotated toward at different speeds ensure the product
moves from a roll to a roll and increases friction between them. Rolls are made of porcelain,
basalt or metal [3]. To maintain the optimum temperature of the product rolls are make
hollow for serving the coolant inside. Degree of material grinding is to 3 pwm (index taken
from industrial working equipment). In the cosmetic industry it is used for grinding of the
pigmentary pastes, creams. In the pharmaceutical industry — for the production of the
ointments, liniments, gels, pastes [3, 13].

aterial
feed
K \/ Material
W removal

Figure 2. Three-roll mill:
1-rolls; 2 — bunker; 3 — shooting knife

Advantages: magnet-based safety devices; possibility of embedding into an industrial
continuous production line; suitable for the processing of very common materials that are
prone to sticking or containing sticky inclusions; compactness.
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Disadvantages: not intended for grinding dry ingredients; intensive and uneven wear of
working surfaces of rolls and a knife; relatively low specific productivity; the probability of
bias shaft due to uneven tightening springs; when the maximum fineness is reached, the
productivity decreases [13].

Bead mill. The bead mill consists of two parts: a grinding chamber, in which the beads
are loaded together with the components of the mixture, and the rotor, which rotates the entire
system. The grinding process proceeds between the individual bead particles which are in
contact with each other, as well as between the beads and the rotor or the walls of the
container. The size of the crushed product can reach less than 1 microns. In the cosmetic
industry they are used for grinding of the pigmentary pastes, creams. In the pharmaceutical
industry — for the production of the ointments, pastes, gels, liniments [10, 11, 13].

Coolant
Suspension :|"_'ouﬂef

3/

6/—

Coolant

inlet

'Produc’r

Figure 1. Bead mill:
1 —cylinder, 2 — disk rotor, 3 —shirt, 4 — engine, 5 — bedplate, 6 — beads.

Advantages: easy maintenance; reliability and safety of work; versatility; high
performance; invariably quality of grinding; simplicity of construction; possibility of
embedding into an industrial continuous production line; effective in the process of
dispersing, homogenizing and grinding simultaneously.

Disadvantages: great power consumption; a small coefficient of useful action — 15%; not
economical consumption of water and detergent to prepare the equipment for work; burning
and "burning out" of the suspension in case of insufficient cooling. [9, 10, 13].
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Vibration mills. The grinding is carried out using a special vibrating device, which is
on the same axis with the electric motor, the ball drum vibrates. The balls are made from a
porcelain, hard alloys or steel. The drum is full with balls for 80-90%. The size of the crushed
product is 1-5 microns. They are used for fine-grained crushing of materials of low strength
[6, 10].

Material
feed v, 1

M%WWHO

Material
removal

Ul
(@)

Figure 3. Vibration mill:
1 - housing, 2- vibrator, 3 — milling balls, 4 — out of balance weight,
5 — flexible coupling to drive motor, 6 — spring mounting.

Advantages: high dispersion and homogeneity of the particle size of the product are
achieved very quickly.

Disadvantages: not suitable for grinding powders sticky and viscous pastes and
thermolabile materials; low productivity (up to 1 t/h); rapid wear of grinding bodies; hard
working conditions [6, 10].

Colloidal mills. A lot of designs of the mills are offered. For preventing the adhesion of
particles, the milling is done in the presence of a dispersing medium. The size of the crushed
product is less than 0.4 microns. In the pharmaceutical industry they are used for the produce
of liniments, ointments, pastes. In the chemical industry — for the crushing of some mineral
pigment [12].

Advantages: effective emulsification and dispersion process.

Disadvantages: high wear of working elements; little knowledge of the process [13].

Jet mills. An energy source (a compressed gas or a steam) at expansion in the nozzles
acquires a high speed, which sometimes reaches several hundred meters per second. The
material particles are crushed as a result of a collision between themselves when streams jets
intersect, as well as strokes and abrasion on the wall of the chamber [6, 11]. The size of the
crushed product is 2-5 microns. In the pharmaceutical industry are used to obtain superfine
powders from expensive components [12, 13]
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Material
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Perip_heral Material
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Figure 4. Colloidal mill:
1- stator, 2 — rotor.

f;;’/i;oﬁ Material
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[

grinding Air/Gas [ T

5

Figure 5. Jet mill:
1 - Venturi eductor, 2 — vortex finder, 3 — grinding chamber,
4 — grinding Air/Gas manifold, 5 — replaceable liners.

Advantages of the jet mill: the grinding elements of the mill practically do not wear out,
and therefore don't add impurities to the finished product; longevity of equipment; provides
high purity powders with a predominantly oval form of particles; the material in the process
of grinding doesn't change its initial temperature, which allows processing of thermolabile;
minimal product loss.

86 ——Ukrainian Journal of Food Science. 2018. Volume 6. Issue 1



Processes and Equipment

Disadvantages of the jet mill: high energy consumption resulting in high energy
consumption of the process; necessary to uniform supply of material and maintenance of
constant aerodynamic mode of operation; necessary provision of additional equipment (air
separator); danger of work [6, 12]

Planetary mills. The principle of the work is to rotate 3—4 drum around to the central
axis and around its own axis in the opposite direction of rotation of the rotor (central axis) of
the mill. The size of the crushed product is less than 4—6 microns. Used mainly in laboratories
for scientific research, as well as in industries where small amounts of fine powders are
required [1, 12].

Advantages: high specific productivity.

Disadvantages: high wear of working elements; difficulty with continuous loading and
unloading of material [1, 4, 12].

Figure 5. Planetary mill:
1 — control panel, 2 — safety switch, 3 — planetary disk, 4 — ball mill jar.

Among the recommended mills, the most versatile, compact, energy saving, capacity,
with the possibility of embedding to an industrial continuous production line, with high
grinding rates (up to 1 um), effective in the process of dispersion and homogenization, have
a simple constructive solution, are bead mills. Despite its disadvantages, the bead mill is one
of the most popular mill using in the cosmetic industry to grind pigment pastes and creams,
and in the pharmaceutical industry — for the production of ointments, gels, pastes, liniments.

Materials and method

Materials

The following materials were used for the research: Vaseline oil perliquidum
pharmaceutical, white pigment titanium dioxide (food additive E171) pharmaceutical,
pigment quinacridone red Red 122.
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Vaseline oil perliguidum pharmaceutical — mineral oil, a mixture of liquid
hydrocarbons of petroleum distillate. The quality of Vaseline oil is characterized by its color.
It is determined by the Saybolt scale. The dark one is "- 16", the light one is 30 [5,6].

Vaseline oil in pharmaceutics is used as a basis for creating multi-component ointments
and creams, injectable suspensions, as a solvent for some medicines, and as a separate
medicinal product. In the cosmetic industry, oil is used as a base for the preparation of a wide
range of creams, but only if it has been multistage cleaned and completely cleared of foreign
smell and impurities. Also, it is used in the production of decorative cosmetics [5,6].

Appearance: colorless, clear, oily liquid. Virtually insoluble in water, slightly soluble in
ethanol 96%, mixed with carbohydrates. Color (Saybolt) — +30. The kinematic viscosity at
40 °C is 11-15 CST. Dynamic viscosity at 20 °C is 33—45 MPa-s. The relative density at 20
°C is 818-880 kg/m?® [5, 6].

Titanium dioxide (titanium white, E171) is a white pigment. In the pharmaceutical
industry, titanium dioxide is used for high chemical cleanliness to provide a high whitening
and crusting effect. It is used for cosmetic products for giving white color and light tightness.
In addition, it is used for the preparation of concentrated pigment pastes for various types of
lipsticks, lip glosses, nail polishes, powders, tonal creams and other decorative products [5,
6].

Appearance: powder from white to slightly colored. The residue on the sieve with a mesh
of 45 pm is 0.08%. Bulk density of 82 kg/m?; Specific density 4 000 kg/m3. Insoluble in
water and organic solvents [5, 6].

Quinacridone red Red 122. Universal dry pigment, which has a stable purple hue
among the violet-red pigments. It also has an increased stability of flocculation, good
flowability. Used in the cosmetic industry for the preparation of concentrated pigment pastes
for various types of lipsticks, lip glosses, nail polish [5, 6].

Appearance: powder of bright red color with a blue hue. Specific density is 1460 kg/m?;
bulk density 540 kg/m?; The residue on the sieve with a mesh of 320 um is 23,4%; the average
particle size is 0,09 um; specific surface area of 59 m?/g. Resistant to acids, alkalis, water,
organic solvents [5,6].

Methods

Expiremental instalations were used:

Bead laboratory mill. Equipped with three capasity (glasses) with a shirt for water
cooling and a sampler on the lid of a glass with a sieve cartridge. The rotor consists of a shaft
on which 4 guide discs with 4 symmetrically located holes with a diameter of 1 cm are fixed.
The working members are a glass bead that has a diameter of 2 mm. The motor operates at
380 V with a current of 1.0 A with a rotor speed of 1350 rpm [7, 13, 14].

Pyrometer is a non-contact digital thermometer. Infrared principle of action. The
temperature range is from -50 °C to + 330 °C (from -58 °F to 626 °F). The accuracy is £1.5%
[9, 12].

Grindometer "'Klin" is intended for the analysis of the particle size and agglomerates
in determining the degree of grinding when testing pigmented suspension materials in
different measuring ranges. The measuring range is from 0 to 100 um. The scale division is
10 um. The limit of the permissible absolute error is +10 um. Dimensions: measuring plate
— 175%35x%20; the scraper is 60x40x6 mm [9, 12].

The current clamps is a model of a multimeter with clamps, which opens up to a width
of 5 cm. Clamps work on the principle of electromagnetic induction.
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With it, you can measure AC and DC voltage, resistance, temperature, test diodes, ring
connections, measure frequency. Equipped with a liquid crystal display with a resolution of
3%, which displays the results of all measurements [9, 14].

The scheme of the experimental setup is shown in Figurel [7, 8, 14].

®
[

M=)

Sawawws
- \ Coolant ‘inlef
ARl

i I8

Figure 6. The scheme of the experimental instalation:
1 — bedplate; 2 — motor; 3 — glass; 4 — sampler; 5 — clamp.

The preparation of the samples was as follows: in three clean glasses with a volume of
250 ml hung pigments and Vaseline oil according to the following recipe [9, 12]:

Composition A: Vaseline oil — 250 g;

Composition B: titanium dioxide 50 g, Vaseline oil 200 g;

Composition C: Red 122 — 30 g, Vaseline oil — 200 g.

There were weighed on an analytical scale with a precision of 0.01 g. The compositions
B and B were mixed on a agitator.

Composition A was tested for temperature only. Compositions B and C were tested for
the temperature of the suspension by means of a pyrometer, the particle size with a "Klin"
grindometer.

After testing, the compositions took turns taking part in the experiment [9, 12].

The bead mill operated in a batch mode with cooling, after each experiment the
installation was washed. The samples were analyzed and the instruments readings were taken
every 5 minutes for 30 minutes. The obtained samples were analyzed for the degree of
grinding by a grindometer, the pyrometer measured the temperature of the suspension, and
the amperage at three phases was measured with a current clamps [2, 13].
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Results and discussion

The results of the research are shown in the graphs below (Figures 7-11).

Consequently, with increasing grinding time for both components, power, temperature
and density increase. The greatest growth is observed in the site from 0 to 15 minutes.

When grinding titanium dioxide over a period of time from 0 to 30 minutes, power
increases from 205 to 209 W (Figure 7), that is, from 20.5 to 33.2 W (Figure 8) is consumed
relatively the power that is consumed to drive the grinding bodies (beads). At the beginning
of the experiment, the particle size and agglomerate were at an average of 100 pum, and at the
end of the experiment, 10 pm (Figure 9). The most intense reduction in the size of the
particles occurred in the first 5 minutes of the experiment (the particles were grinding from
100 um to 50 pm). During the process, the temperature rises to an average of 21.9 °C to 23.4
°C for 30 minutes of the experiment (Figure 10). The greatest increase in temperature
occurred in the interval from 15 to 20 minutes, where the temperature increase from 22.3 to
22.8 °C, and also where the suspension particles were grinded from 25 to 20 pm. This can be
explained by the fact that the suspension has the highest density after grinding — 1176 kg/m?
(Figure 11), as well as the largest size of agglomerates at the beginning of the experiment
(more than 100 pum) [5, 6, 8].
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Figure 7. Effect of grinding time in power:
1 — Without glass; 2 — Vaseline oil; 3 — Titanium dioxide; 4 — Red 122
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Figure 9. Change in particle size, pm:
1 — Titanium dioxide; 2 — Red 122
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When grinding a suspension of quinacridone red Red 122 over a period of time from 0
to 30 minutes, power increases from 195.8 to 207.9 W (Figure 7), that is, from 15.5 to 27.6
W (Figure 8) is consumed relatively the power that is consumed to drive the grinding bodies
(beads). The particle size was 60 pm on average and 2 pm at the end of the experiment (Figure
9). At the end of the experiment, there was almost no grinding (from 4 to 2 pm in 15 minutes).
The temperature increased on average from 22.2 °C to 24.3 °C, which is much higher than
the data when grinding a suspension of titanium dioxide (Figure 10). The highest temperature
increase occurred over a period of 10 to 15 minutes, when the temperature increase from 22.7
to 23.5 °C, where the size of the suspension particles decreased from 7 to 4 pm. This can be
explained by the fact that Red 122 has a greater bulk density (540 kg/m?®) than titanium
dioxide (82 kg/m®) and crystal lattice strength due to a different chemical formula, which
may also be due to the density of the suspension [5,6,8].

During the experiment, the density of the suspension changed (Figure 11). Thus, the
average density of Vaseline oil (according to the manufacturer) is 849 kg/m3. The density of
the titanium dioxide suspension to the experiment is an average of 889 kg/m?, and the density
of the quinacridone red Red 122 before the experiment was an average of 870 kg/m? (Figure
11). After the experiment, the density of the titanium dioxide suspension amounted to 1176
kg/m®, and the average density of the suspension of quinacridone red was 952 kg/m?3. The
density of the titanium dioxide suspension increased during the experiment by 287 kg/m3,
and the quinacridone red — 82 kg/m? (Figure 11) [5, 6, 8].

For the job of a bead mill with Vaseline oil, which is used in this case as a lubricant to
avoid wear of the plant, it consumes from 188.9 to 190.3 W.

Conclusion

Consequently, with increasing time of grinding, both suspensions increase power,
temperature, and density and decrease the size of particles. Basically, the most intense
changes occur during the first 15-20 minutes of the experiment, where there is an intense
reduction of particles of solid material.

This is due to the fact that initially in the suspension are not only individual particles of
solids, but also agglomerates that are grinding quite easily. When the size of the particles of
the material decreases, the strength of the particles increases, so the more power is consumed
and therefore more energy is consumed to overcome the forces of mutual adhesion of solid
particles with external forces. In addition, reducing the size of the particles leads to the
dissipation of energy in the form of heat and goes to the movement of particles inside the
body, without causing its destruction. Also, the smaller the size of the particles that can be
achieved, the larger the area of the newly formed surface and, accordingly, increasing the
density of the suspension. Accordingly, the amount of energy that needs to be applied before
grinding the solids suspension and stirring the suspension increases, and energy dissipation
in the form of heat increases [4].

In results, the smaller the particle size and the higher density of the suspension that needs
to be ground, the more energy is needed to conduct the process and the more heat will be
released.
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Introduction. Researches of various variants of connection
of pipelines for transportation of food intermediate products are
carried out. The purpose of the study is to determine energy
losses depending on the geometric parameters of the connection.

Materials and methods. Computer simulation was used as
aresearch tool. The software CAE complex FlowVision uses the
finite element method to predict the movement of viscous
liquids in the case of a drop in air pressure at the entrance and
exit from the geometric model.

Results and Discussion. The combination of structures
allows to determine their resistance to the motion of the product
to select the optimal branching method, as well as to obtain a
comparative characteristic of the local resistance, depending on
the angle of rotation. In our case, the angles of rotation are
significant: option 2 — 45°, option 1 — 30°, option 4 — 22,5°,
option 3 — 15°. At another position of the valve, when the
movement of the product is straightforward, energy losses
practically do not occur.

The novelty of the used method of computer modeling for
this work is to determine the values of the dissipation of the
kinetic energy of the moving product. In the course of research,
the method of visualization — "isolines” — was used, which
allows a clear definition of the limits of gradation of values.
When calculating the area occupying one or another range of
values of isolines of energy dissipation, it is possible to compare
the intensity of energy losses if they are attributed to the total
area of branching. If you evaluate the area that is limited by
isolines of a certain intensity of the factor, you can obtain an
integral characteristic of the action of dynamic parameters.
Significant areas, which are limited by large values of
dissipation, show the origin of turbulence, which is the main
source of loss of transporting pressure. The mathematical
processing of each curve gives the best description of the
behavior of graphs when using polynomials of the third degree.

Conclusions. When designing the piping laying options,
you can combine straight sections, pipe turns, switches in such
a way as to minimize pressure loss. That is, it is expedient to use
symmetrical branching variants and minor turns of pipes even in
simple areas (depending on their length).
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Introduction

The means of pneumatic transportation of raw materials, intermediate products and
waste products at meat processing plants are a complex three-dimensional branched system.
It includes sets of refueling tanks, pipelines of different diameters and lengths, branching
with switches [2, 7].

In the case of the design [7] of a general system of pneumatic transport within the
workshop or the whole enterprise, there are a number of options for constructive solutions
for laying pipelines and connecting them to the general communications system [1, 5]. By
combining different variants of pipelines, branches (dampers) it is possible to determine the
optimal variants of their gaskets for different production situations [8, 9, 11]. The criterion
of optimality (target function) is the lowest energy consumption (compressed air) to provide
the desired performance of the transport system [18, 19].

The purpose of this scientific study is to determine the effect of the design of various
variants of branching pipelines that occur in production, on energy losses when passing
through them a moving product.

Materials and methods
Materials. Table 1 shows variants of branches, which differ in structure — symmetric

or asymmetric branching. For each of the options, different angles under which the pipes are
directed are studied.

Table 1
Turn
angle, Asymmetrical pipe separation Symmetrical pipe separation
degrees
. Option 2
Option 1
30
Option 3
45
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Table 2 shows in the section the structure of each branch in a situation where the damper
changes the direction of movement of the product.

Table 2

Asymmetrical pipe separation Symmetrical pipe separation

Turn angle
30 degrees

Turn angle
45 degrees

The combination of structures allows to determine their resistance to the motion of the
product to select the optimal branching method, as well as to obtain a comparative
characteristic of the local resistance, depending on the angle of rotation.

In our case, the angles of rotation are significant: option 2 — 45°, option 1 — 30°, option
4 — 22,5°, option 3 — 15°.

At another position of the valve, when the movement of the product is straightforward,
energy losses practically do not occur.

The geometric and rheological conditions of the study are as follows:

- the diameter of the cylindrical part — 150 mm;

- section of rectangular part — 150x150 mm;

- Product Density — 1050 kg/m?;

- Product Viscosity — 0,01 Pa;

- air pressure in the pipeline system — 4x10° Pa/

Methods

Computer simulation was used as a research tool.

The software CAE complex FlowVision uses the finite element method to predict the
movement of viscous liquids in the case of a drop in air pressure at the entrance and exit from
the geometric model. The boundary conditions of the "wall" with a given roughness
determine slip and local pressure losses.

The basic ones in FlowVision are: the Navier-Stokes equation, the flow indeterminacy
equation, and the equation for turbulent viscosity. In addition, the model includes equations
for turbulent energy k and dissipation rates of turbulent energy €. During the simulation a k-
€ model of the turbulent flow of viscous fluid with small changes in density was used with
large changes in the Reynolds number. The use of this program allows you to get unique
scientific information in various fields of the food industry [6, 10].
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The novelty of the used method of computer modeling for this work is to determine the
values of the dissipation of the kinetic energy of the moving product. In the course of
research, the method of visualization — "isolines" — was used, which allows a clear definition
of the limits of gradation of values. When calculating the area occupying one or another range
of values of isolines of energy dissipation, it is possible to compare the intensity of energy
losses if they are attributed to the total area of branching.

If you evaluate the area that is limited by isolines of a certain intensity of the factor, you
can obtain an integral characteristic of the action of dynamic parameters.

Significant areas, which are limited by large values of dissipation, show the origin of
turbulence, which is the main source of loss of transporting pressure.

Results and discussion

Figures 1-4 show the simulation results of energy losses. The sequence of the layout of
the figures is shown in the direction of decreasing the turning angle of the flow.

In order to generalize the results of the study, let's compare the results of measurements
in the drawings of areas of dissipation of the same intensity (Figures 5).

Color Value / o/ 0

B 0.10 X /
B 0.09 / y
0.08 /
0.07 /o
0.06 £l /
0.05 / / /
0.04 0,01 003 005 007
0.03
0.2 Figures 1. Isolations of dissipation of kinetic energy for asymmetrical
0.01 branching with an angle of 45°:
0 the corresponding area of values — D = 0,1 m?/c® — 10%;

D = 0.05 m?/s® — 47%; D = 0.03 m?/s® - 18%.

98 ——Ukrainian Journal of Food Science. 2018. Volume 6. Issue 1



Processes and Equipment

Color Value

0.10
B 000
o 008
0.07

0.06

0.05
- 0.04 Figures 2. Isolations of dissipation of kinetic energy D for asymmetric

003 branching with an angle of 30°:
0.02 corresponding area of values — D = 0,1 m?/c® — 16%;
0.01 D = 0.05 m%s® — 84%; D =0.03 m%/s® — 70%.
0

Color Value

0.10

S 0o

~ 008 R
0.07 P g 3 /

- 0.05 001 003 005 007 0.1 -
0.04

____ 003 Figures 3. Isolations of dissipation of kinetic energy for
0.02 a symmetrical branch with an angle of 22.5°:
0.01 the corresponding area of values — D = 0.1 m?/s® — 149%;
0 D= 0.05 m?/s® - 70%; D = 0.03 m?/s® — 61%.

—Ukrainian Journal of Food Science. 2018. Volume 6. Issue 1 — 99



Processes and Equipment

Color Value - — ——

I 0.10
S 0.09
0.08

/ ; I 7 ’d
0.07 0,01 003 005 007 0.1
0.06

Egi Figures 4. Isolations of dissipation of kinetic energy for

0.03 a symmetrical branch with an angle of 15°:
' the corresponding area of values — D = 0,1 m?/s® — 16%;
B 002 D e

D = 0.05 m?/s3 — 79%; D = 0.03 m?/s®— 68%.
B .01
B o

; // on .
/4 / [/

/4 /

%
90

80 ]

70 D, m?/s3

60
00.1
50

00.05
40

m0.03

30

20

10

45 30 22.5 15
Angle, °

Figures 5. Percentage of the areas of areas of dissipation D of a certain intensity as a percentage
of the total area of the branching, depending on the angles of the flow of the stream
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The mathematical processing of each curve gives the best description of the behavior
of graphs when using polynomials of the third degree. Accordingly, the following equations
represent the intensity of the course of dissipative processes depending on the type of
branching and the numerical value of the angle of rotation.

Dissipation, m?/s® Equation
0,1 y = 12x3 — 99x% + 249x — 115
0,05 y = 13x3 — 108x? + 285x — 172
0,03 y =2x3 - 16x% + 40x — 16

Distortion occurs on the plate of the switch — the minimum gap between the wall and
the plate is in reality and in the model about 1 mm. It is important to note that a certain
breakthrough in flow at these speeds and pressures is still happening.

Analyzing the obtained results, it can be noted that the dependence of energy losses on
the geometry of the pipeline connection is rather complicated and is described by nonlinear
dependencies.

This can be explained by the fact that changing the modeling parameters changes the
criterial nature of the product motion [17, 23].

Conclusions

The length of rectilinear pipelines affects the cost of transportation energy much less
than the local supports: turns of pipes and switches.

When designing the piping laying options, you can combine straight sections, pipe
turns, switches in such a way as to minimize pressure loss. That is, it is expedient to use
symmetrical branching variants and minor turns of pipes even in simple areas (depending on
their length).
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Introduction. The research of the scenario approach in
the automation of the control of the processes of baking bakery
products [3, 4] has been carried out in order to increase the
efficiency of production and improve the quality of products.

Research methods. Are analysis of the characteristics and
criteria of the chosen problem, compilation of qualitative
assessments and previous scenarios of process management,
estimation of the realistic solutions (expert, cross-influence, Saati
method [1]), rules and sequence of their application in the writing
of generalized scenarios.

Result and discussion. The article deals with the main
components of the stages and operations of bread production and
various possible schemes for their regulation. The disadvantage of
the typical scheme of automatic humidity control on dough
machines of continuous action is its orientation to the stable quality
of flour. To regulate the duration of fermentation, the mass of the
semifinished product in the fermentation vessel fixes the weighing
mechanism, and the consumption takes into account the flow meter,
these data are processed according to the corresponding formula. At
the stage of mechanical treatment of the dough, it is necessary to
control the mass of the dough and its degree of readiness for baking.
The controlled parameters are the temperature and humidity of the
air in the cabinet, as well as the durability of the stand.

It is proposed to develop an automated multi-purpose control
system based on a scenario approach and intelligent technologies
[5, 8, 10] in order to increase productivity, reduce specific losses
and cost of resources while improving product quality. The essence
of the situational approach to the management of technological
processes of baking bread is outlined. The abstract (A-) and
structural (C-) scenarios of bread production are offered, which can
be used in the quotient-purpose analysis of bread production. C-
scenario details the A-script based on the evolution of the object
when performing operations and transferring objects from one
operation to another [6, 7]. Each class C- scenario runs
autonomously and interacts with other classes and the environment
to make new objects in the input queues and to remove from the
output queues "worked out".

Conclusions. The analysis of the state of the problem of control
of technological processes of bread production and the examples of
control scenarios are given.
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Introduction

As a result of the study and analysis of baking processes as objects of control, it was
found that, firstly, dynamic models of objects of control are characterized by considerable
dimensionality, lag, uncertainty and parametric instability; and secondly, with a limited
number of regulated parameters and adjusting actions [3,4], the requirements for stabilization
of regulated parameters increase with the transition to more complex control; thirdly, the set
of functional management tasks is limited, but the requirements for the effectiveness of their
solution are increasing; and fourth, the analysis of production, which is characterized by
multi-stage, allows to allocate a technological subsystem of a number of subsystems. All this
allows you to move from estimates to the ratio to the estimates of the situation. In this case,
first of all, two guiding approaches are used: program-target and network (scenario).

The program-oriented approach in control is oriented towards the achievement of the
final result: the formation of a goal tree, the development of an executive program and its
implementation. The scenario approach is associated with prediction. There are not only one,
but several possible strategies, respectively, which builds the system of mathematical models
and does not set rigid goals. The main elements in the scenario approach lie not in linear, but
in network logic. The scenario approach is not necessarily focused on solving a global
problem and it is a continuation of simulation without the use of formal methods of analysis
[9].

Studies have been conducted on the creation of automated systems for managing baking
production processes based on a scenario (network) forecasting approach, and not only on
the achievement of the final result according to the logic of phased actions, as in the program-
target approach, in order to increase the efficiency of production and quality products. The
purpose of the article is to increase the technical and economic indicators of baking
production by creating an automated system of multi — purpose management using scenarios
of production situations and intellectual mechanisms.

Materials and methods

Modern methods, means and forms of organization of information management
processes (materials), which should include and automate the processes of production of
bread [3, 4, 5], do not allow to effectively solve the tasks of automated control. There are
problems of a fundamental nature, connected with the absence, firstly, of theoretical studies
of production processes (the theory of the development of information-logical models of
subject areas), and secondly, the structure and functioning of the corresponding automated
system [4, 5]. The combination of the processes of modernization of equipment and
production technologies will provide the theoretical basis for implementation in the process
of production management of methods and means of information technology.

Research methods in the complex of technological prediction implementation in the
control scenarios were used at different stages of the different:

— preliminary study of the problem — analyzed its characteristic features, determined
directions of research, formed important criteria for the chosen problem;

— qualitative analysis of the problem — qualitative assessments or previous scenarios were
prepared for the next stage of the prediction, which summarized the scenarios, analyzed
and evaluated their realism for final decisions (Delphi method — expert assessments,
cross-impact, Saati method [1]);

— Writing scenarios — for a set of rules and their sequential use in writing generalized
scenarios.
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Result and discussion

Considering the main problems hampering further effective development of the baking
industry, we can say that one of the most important problems is yearly reduction in of bread
consumption of in Ukraine. Reduction caused by as decreasing of production as well as by
the needs of the internal market. In recent years the population has decreased by millions of
people, also blur has decreased purchasing power, increased prices for bread products. In the
Table 1 is presented production dynamics and consumption of bread in Ukraine over recent
years [2].

Table 1
Jan.-
Indicator 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | Dec.
2012

Production of
breasrggﬂggkery 2335 | 2307 | 2264 | 2160 | 2032 | 1978 | 1828 | 1808 | 1769 | 1607

thousand tons

Consumption of

125 | 125 | 12355 | 120 | 1159 | 1154 | 111,7 | 111,3 | 1104 -
bakery, kg/person

Recently, the situation has only intensified. To ensure production efficiency is possible
only by improving the quality of products under these conditions.

In the baking industry the main raw material may be different by its quality
characteristics. A wide range of changes in raw material quality significantly influences the
course of technological processes and carries out the constant disturbing influences which
complicate the production process control of quality products.

To prevent shortages of products and receipt of satisfactory quality of bakery products
from flour with low baking properties can be regulated the run of technological processes
with help of using different technological methods. Parameters of technological process as
the storage of raw materials, the duration of kneading, the dough temperature, temperature,
humidity and length of proofing, baking temperature and duration also have influence upon
the quality of the finished product (Figure 1).

Making bread sponge method has several advantages over spongeless method: reducing
of yeast costs and significant technological flexibility to select the most efficient regime for
processing flour depending on its technological features. However, the sponge method also
has disadvantages: during the preparation of dough is necessary twice dosing and mixing of
raw sponge and dough more overall duration of fermentation. Therefore, the loses of dry
matter of raw materials to fermentation increases, and the output of bread decreases by 0.5%
compared to spongeless method.

It is believed that products made by the sponge method have better flavor and aroma,
porosity, physical properties of the crumb, due to the degree of swelling and peptization of
flour colloids. Sponge method also gives better result in the processing of weak and defective
flour with low-quality grain.

In order to develop an effective system of automation there is conducted a detailed
analysis of technological process of bread production. So, let’s consider the main the stages
and operations, highlighting tasks problems and problems of each stage [3, 4].
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Figure 1. Indicators of baking quality finished product
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©
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Figure 2. The typical scheme of automatic control and regulation of humidity of semi-finished
products and dough

A typical scheme of automatic control of humidity on dough mixing machines of
continuous action is shown in Figure2. The disadvantage of this scheme is that it is designed
for consistent quality of flour. Therefore rational will be add a decision support system, will
be rational approach and using of it will contribute to the effective recycling of different flour
quality. Duration of semi fermentation is a basic parameters of dough [3]. For the weighting
mechanism fixes the mass of semifinished product in the fermentation tank for its regulation
and the consumption is taken into account by flowmeter, these data is processed by the
corresponding formula (Figure 3).
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Figure 3. The typical scheme of regulation the duration of fermentation.

If you change the duration of fermentation (due to malfunction of batcher dosimeter or
when you change the performance of the aggregate unit (WFC) gives a command to change
the performance for batcher dosimeter calculating device to establish a new weight.

The degree of mechanical processing of dough during mixing is characterized by the
expended energy. Following the scheme in Figure 4 torque by sensor that sends a signal to
the control device, which according to the rheological properties of dough for this type of
flour controls the frequency rotation, slope of mixing blades or kneading duration.

At this stage it is necessary to control the mass of dough billets and degree of readiness
for baking. Controlled parameters are temperature and humidity in the proofing cabinet and
the duration of proofing. Typical scheme of the section of processing dough, with contours
of regulation is shown in Figure 4.

Proofing
cabinet

Rounder

Formation
eauipment
3

Dough divider

Figure 4. A typical scheme of automatic control processing dough

The regulation the weight of the dough billet by stabilizing the level of the dough above
divider with level sensors doesn’t give the required accuracy, so it is advisable to stabilize
the temperature and humidity in the proofing cabinet and regulate only the duration proofing.
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Formed dough proofing billet has porous less structure. So for, the stress relaxation, for
loosening dough billets, and providing her forms of bread the future it is used to conduct a
final proofing process. To proceeding this process in quite rapidly and without drying the
surface of the dough blanks, the parameters of air in proofing cabinet must comply with
certain values of temperature and relative humidity (35-45 °C, 75-85%). During the proofing
biochemical, microbiological, physical and colloid processes are occurred. Then bread
baking starts.

Baked bread is placed in trays that are placed on trolleys and then happens the selecting
of products that do not comply with standard documentation. Quality of finished products is
evaluated according to the analysis of overage samples taken from the batch bakery products,
according to state Standard.

Bakery industry is characterized by a high degree of uncertainty, for which you can
eliminate some of the controls at various stages of the process. For example, intensive dough
reduces the duration of fermentation. Insufficient degree of fermentation dough can be
compensated by increasing the duration of proofing and baking under appropriate modes,
they are: increasing the relative humidity in the proofing cabinet and the environment in the
baking chamber, and increasing the temperature of proofing and decreasing the temperature
of baking [4]. Thus, the same end results of functioning of technological process are available
in various different operational parameters and different structure of the technological
scheme that provides a wide range of control.

Action at designing of the technological scheme and attached to its analysis, in order to
improve control systems. But enumerate all possible structures and choose the best of them
is almost impossible.

To improve the situation may be through the use of scenarios of bakery production
management (control) that based on cognitive — scenario models of technological processes
and control algorithms using intellectual mechanisms. That why, the development of systems
for multipurpose control (management) of technological processes of bakery production,
based on scenario approach and intellectual technologies will increase productivity,
decreasing losses of resources and raw materials, improving product quality [4,5].

Methodology of approaches to control of complex organizational and technical
(technological) systems contain goals, laws, principles, methods, features, technology and
practice in management of decisions. There are allocated different approaches of controlling
organizational and technical (technological) systems, they are: system, process, situational.

The situational approach concentrates on situational differences, it determines which
changeable situant and how they influence on the effectiveness of controls. The situational
approach to management explores which of models and algorithms are effective and on the
basis of this analysis is offered the decision to build control systems for specific conditions.

The technological situation S(t) as the image is described by feature vectors that
characterize the corresponding object, and determined by some relation on the set of
parameters {Y}, which is characterized by multiple classes of situations {Ks}, which are
reflected in the control scenario, by multiple classification algorithms {Ka} and rules of
selection of classification algorithms {Px}:

{Y} ={KS, KA, Pg}.

The sequence of specific actions in the scenario has a property of causality and provides
connection preliminary steps with the following. Implementation of scenarios of process
control carried on fuzzy model of knowledge representation. This method is quite flexible
and convenient to represent logical connections between elements of scenarios [6,7].

For effective production quality management model it is necessary to have models of
quality, that are based on expert surveys and qualimetry.
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Quality rating by methods of multidimensional scaling allows to analyze initial data of
any type and receive final models with a minimum value that confirms the possibility of their
using for making decision on management (control) [6].

The scenario approach allows a multivariate situational analysis of simulated system.
Scenario is a way of achieving goals, considering factors affecting the environment in which
the system is, which is characterized by objectives, factors of influence, operations,
interoperation connections. Operation as a step of scenario is determined differently as in the
abstract A- and structural C-scenarios. In case A- scenario the operation ignores the internal
structure of the object while transformation input values into output (“black box"). C-
scenario details the internal structure of objects that are described by a set of properties
attributes. Attributes take on values in some areas. These values may vary according to the
specified rules. Operation C- scenario is a block, which contains objects with the same set of
attributes. The scenario has the following components: objectives, factors of influence
operations, interoperable connections.

C-scenario details A-scenario considering the evolution of the object while performing
operations and transfer of object from one operation to another. Evolution of the objects
appears in the change attribute values, during transition "mutations™ occurres — the
appearance of new signs and the loss of signs that became unnecessary. Each class C-
scenario opperates autonomously and interacts with other classes and with environment to
bring input queue in new objects and remove output queue from "worked out " objects.

The sequence of control actions defined on the set of input and output variables
represented as fuzzy value [7]. Each scenario connects changes in external conditions of the
resulting output. C-scenario determines, as noted, the internal structure of the object and its
set of properties describing attributes. Operation is a unit which contains objects with the
same set of attributes and is treated as a class, whose elements belong to some space [8].

Lets form graphical representation of A — scenario system (Figure5). Object flows A —
scenarios of a process of making bread is presented in Table 2.

Table 2
Designation of object data streams
Designation Content
P1 Flour feeding
P2 Water feeding
P3 Salt feeding
P4 Feeding yeast grout
P5 Feeding supplementary raw materials
P6 Output of finished goods to distribution network
P7 Feeding of prepared flour
P8 Water feeding
P9 Spouge feeding
P10 Feeding supplementary raw materials (by the recipe)
P11 Dough feeding
P12 Dough pieces feeding
P13 Feeding dough pieces after proofing
P14 Output of finished goods (products)

We will differentiate between modeling the functioning of the existing system and the
simulation system development. The scenario approach is more effective applying to the
development of the system.
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The scenario should include the prediction of development of a system at different
chosen strategies, choosing (based on the results of prediction) the best strategy, and
operation to implement the chosen strategy.

C1 c2 c3
Goals Quality ofthe  Technologic Performance
finished al loses production

J, product line

_/ A0 - The process of making bread\

p2 | Pt ,——— PT

P8
P2 Al | Az A3 P12
P3 7 Preparation 7 Preparation Dough —
of raw P9 of dough processing
P4 materlalls to P6
P3 production P10 H
—:*.L}
P4
P12 |
% Proofing
dh h
P5 pineli:?as
Influence
factors F1 | F2 | F3 | Fa4 | F5 F6 F7
Flour | Dough | Duration of | Porosity | Crust [Temperature| Look of
humidity | acidity |[fermentation| ojor color |oferumbin | crust
the centre relief

Figure 5. Graphical representation A-scenario system.

Attributes objects listed in Table 3.
A — scenario turns into a the C- scenario in such way [9]:

— structuring of objects;

— object classes and transitions between them are descripted of life cycles within each
class is forming;

— tet of integrated indicators of system’s functioning is determined(values of these
parameters are established during the simulation modeling of C-scenario);

— then the expression of dependency of level of goal achieving from integrated
indicators and factors of impacts is requested.
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Table 3

Attributes objects C-scenario

Designation | Marking an attribute | The content attribute

Al all Flour power
alz2 Flour Color
ald Content of random impurities
als The ability to form gas
alb Flour humidity
alo6 Size of flour
alv Flour acidity
alsg Water color
alg Turbidity of water
al.10 % Content of insoluble substances in brine
alll Rising speed of dough

A2 a2l Humidity of flour
az22 Acidity of flour
a2.3 Spange humidity
a24 Spange temperature
a25 Time of the ripening
a2.6 Maturation of dough
az27 Dough humidity
a2.8 Dough temperature

A3 a3l Dough density
a3.2 Humidity of dough billets
a3.3 Duration of proofing

A4 ad.l The temperature in the proofing cabinet
adz2 Relative air humidity
ad3 Duration of proofing

A5 as5.1 crumb temperature
ab.2 Crust color
ab.3 Crumb stickiness
ab.4 The mass of dough billets
ab.b The temperature of the oven (furnace)
ab.6 Baking duration
ab.7 Humidity in the baking chamber
ab.8 Amount of dough billets

A6 a6.1l Organoleptic indicators
a6.2 Weight of production

An important step of predictions is evaluating of realism of developed scenarios
according to the previous definition of conditional probabilities of events that shape these
scenarios. The main feature of conditional probabilities is that in this case they actually acts
as psychological assessment of the probability of this or that event.

Figure6 shows a fragment of C- scenario based on scenario Al-preparation of raw
materials to production.
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/ A1 — Preparation of raw \
materials to production
P1
alA1
P7
al1.2
P2
al1.3
al.4 P8
P3 |la15
alb P9
P4 al’7
al.8
P10
P5 al9
a1.10
\ al.11 /
Figure 6. Fragment C scenario, class Al.
Conclusions

The use of scenarios and control algorithms using intellectual mechanisms will increase
productivity, reduce specific costs and losses of resources and raw materials, improve product
quality. These are presented contents and sample scenarios of abstract (A-) and structural
(C-) controls and their implementation. Carried out representing the input and output
variables of processes in the form of fuzzy variables. These is formed graphic representation
of A- and C-management (control) scenarios.
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Introduction. The conducted researches of the food
industry enterprise (FIE) electrical energy consumption and
supply control process with the aim of electrical resources
transmission and use efficiency increase by electricity
consumption.

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

Results and discussion. The main stages of the electrical
energy supply and consumption control process: the basic
control functions — electrical energy (EE) consumption
registration, forecasting of EE consumption, calculation of
EE consumption norms, conducting of FIE electrical energy
supply system (EESS) regimes analysis as well as electrical
energy quality indices (EEQI) and FIE EESS reliability
analysis, consumers — regulators (CRs) list formation;
control functions support conditions — EE consumption
information, restrictions and rates, electricity consumption
forecasting accuracy requirements;decision-making about
configuration change and FIE EESS regimes optimization as
well as EEQI normalization;organizational and technical
mechanisms of control functions fulfillment — information
and computing system, electric power dispatcher,
technological process operator, electrical supervisor;
automated power sector control system of the FIE data base,
which is used for decisions preparation;basic information
flows which provide electrical energy consumption control.
The functional scheme is represented and the separate FIE
EE consumption and supply control units requirements with
use of CRs. FIE EE consumption and supply is implemented
using decision-making support subsystem what includes
interconnection of technological process and EE
consumption process.

Conclusion. Developing on the base of the system
analysis and interconnection methods provides the high EE
consumption and supply efficiency.
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Glossary

ACS — automated control system;

CR — consumer-regulator;

DB - database;

DMSS — decision-making support subsystem;
EE — electrical energy;

EECACSS - electrical energy consumption automated control and supply system;
EEQI — electrical energy quality indices;
EESS — electrical energy supply system;

FIE — food industry enterprise;

RPA — relay protection and automatic;

UES — united electrical energy system.

Introduction

The electric energy (EE) consumption reducing problem, the EE supply reliability and
normative EEQI ensuring 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 and wastes levels for food industry enterprise
(FIE) EE supply systems, it is necessary to forecast its consumption and use consumers —
regulators (CRs) as well as to optimize regimes of these systems.

Let us look at the works, devoted to FIE EE consumption and supply control questions.
some of them. In the article [1] the technical facilities complex and the software of
commercial EE accounting systems of "Energomira" company 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 realization of
following function:

— automation of 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;

— software data collection and database (DB) forming;

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

As a result of works analysis [1, 2] was ascertained that the software which is presented
in these works is developed by various organizations, which during its developing do not
interact with each other. This fact causes essential complications by common use of the
mentioned software.

In the article [3] is represented 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
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dispatcher workplaces. However, the mentioned system, solves only the EE accounting
problems.

Recently, by developing of new generation automated control and accounting EE
systems the modern industrial controllers are extensively used [4]. These systems except the
problems solving of commercial EE accounting and capacity consumption ensure also the
technical accounting and monitoring of industrial enterprises electrical loads in real time
mode, what is the base for FIE EE consumption and supply control tasks solving.

The works analysis [4-6] shows that the presented in these works automated systems
are performing functions of electric capacity and EE consumption control. But these systems
do not realize the EE normalization, planning, forecasting and optimal FIE EE consumption
and supply control functions of industrial enterprises, which allow to obtain the main
economic effect.

Aim of the research consists in the synthesis of FIE EE consumption automated control
and supply system (EECACSS) on the base of the systematic analysis of EE transmission,
dividing and consumption control process with ensuring of integration and compatibility
sequence of separate parts.

Materials and methods
Research materials

In this work the FIE EE consumption and supply control process are studied [7] as well
as the automated system developing principles are formulated [4, 8] and the functional
scheme of automated control system (ACS) is developed [9].

Research methods

Researches were conducted in the following order:
— there were formulated FIE EE consumption and supply control tasks [6, 10];
— itwas made a systematic analysis of the FIE EE consumption and supply control process
[9F;
— there were formulated FIE EE consumption and supply control criteria [11, 12];
— it was developed the FIE EE consumption and supply control functional scheme [13,
14];
— it was developed the algorithm of compatibility and integration ensuring method when
construction of FIE EECACSS [5, 15];
Here is used the method of sequence modeling [10, 16], which is based on the simple,
the most abstract description and makes possible to include the objects of various type [17]
and get connections of different character and content [18].

Results and discussion

EE consumption and supply control task consist in minimization of technical and
economical criteria set on following grounds:
FIE damages from CR active load disconnection (changing to the reduced work mode):
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Fl = izj: Yij kij , (1)

j=1 i=1
CR disconnection amount (electrical grid commutation):
M
Fu=2.D ks )
j=1 i=1
capacity (energy) wastes of FIE electrical grid, which appear as a result of reactive
energy flows:

Gy

00 =3 S Q%) -

j=1i=1 ;=1
by restrictions: on FIE active load :

Q, M, IR, /u HOE ®3)

I J
Z Pegtr (t + t*) - Z F)egtrIJ (t + t*)kij < Presl ' (4)
i=1 j=1i=1
on FIE reactive load:
[ Giy
Qmin (t) < Z[Qeitr (t +t*) - Z Qgi1 (t)hgll] < Qmax (t) ; (5)
i=1 gj.=1
on the EE receiver voltage:
Uij min < Uij (t) < Uij max (6)
on EEQI:
U, < sUMNom. @
dU, < sU N, (8)
kyp <k )
kuo < (l\(I)ORM); kU SkL(JNORM); (10)
kU(n) < kL(J’\(‘S)RM); (11)

where U ,6U, is standard deviation and voltage change variation; k,,k,, — null and
inverted sequence coefficients; k;,k, ., - harmonicity distortion and n- harmonious
waveform voltage part; (with upper index (norm) are marked standard indices values).

EECACSS of FIE is impossible to describe with the help of the present mathematical
apparatus. Thus occurs the necessity for their division into separate subsystems, for
formalization of which can be used mathematical methods. However even at that still leaves
the wide horizon of experience, that can not be described with the necessary completeness
on the base of mathematical tools.

There was proposed the approach to the decomposition of FIE EECACSS, which
ensures the independence and completeness of decomposition criteria.

This approach stipulates:

— the control system structure formalization at the theoretical-multiple level,

— as part of the unified conception the subsystems development conception, which ensure
its functioning;

— the ensuring of the common functioning of these subsystems.
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System analysis of FIE EE supply and consumption control process

The EE consumption and supply control is the most important FIE ACS subsystem,
what causes the FIE EE supply efficiency.

At the theoretical-multiple level the control process of organizational-technical objects
is presented in the form of representation of separate  actions

F,:{LxKxZxP, ) >P,,n=LN , (12)
where: L means actions of basic control functions forming; K and Z mean actions

of possible main conditions combinations forming and fulfillment mechanism of control
function accordingly; P=P_ P, are actions of possible combinations forming of main

inc outc

information flows; P_ and P _mean sets of incoming and outcoming information

inc outc

flows. By FIE EE supply and consume control are implemented following actions:

Actions of main control functions forming:
L, is EE consume, electric grid mode and conditions as well as EEQI meterage and

measuring data adequacy validation; L, means the model choose as well as production units
and enterprise EE wastes (consume) forecasting; L, is EE wastes rates estimation as well as
EE wastes planning and EE balances forming according; L, means EEQI and FIE EESS
parameters estimation, electric grid configuration analysis; L, is CRs list and their optimal
composition forming; L, means FIE EE wastes control DB forming and its maintenance in
actual mode and status. L, means production subunits and FIE EE wastes decision-making
as well as maximal capacity consumption ; L, is decision-making for electric grid
configuration, EEQI improvement, FIE EESS mode optimization;

Actions of control functions main fulfillment conditions forming:
K,means FIE EE consumption information indopmamis (normative acts); K, is

restriction and rates information, which contains in FIE EE supply contract; K, are
metrological forecasts accuracy requirements; K,are EE consumption forecast accuracy

requirements;
Ks means the interaction order with the DB control system; K, are EEQI and EE supply

reliability requirements. K, are FIE EESS parameters requirements.

For actions of control ensuring are used the following main parts and mechanisms,
which implement control functions:
Z, means is an information and computing complex of electrical supervisor service,

who gives information about FIE EESS conditions and work mode; Z, is is an electric power

dispatcher, who forms restrictions for EE consumption standards fulfillment; FIE EESS
functioning mode as well as EEQI and electric grid configuration. Z, means the technological

process operator, who forms restrictions concerning CRs; Z, is the electrical supervisor, who
forms restrictions for unified energy system (UES) requirements fulfillment; EE supply
reliability Z, are EE consumption, EEQI, FIE EESS parts conditions accounting sensors
and electrical apparatuses for consumers commutation and FIE EESS configuration change;
Z, means DB of ACS of FIE EE, that is used for decision-making.
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For control functions ensuring are used the following information flows:
P, mean forecasted values of environmental temperature and air humidity, received

with the help of the weather station; P, are current data on production subunits and FIE EE
consumption; P, mean data on production volumes produced by subunits and FIE; P, are
current data on connected CRs and damages, caused by their disconnection; B, mean FIE
EE consumption limit; P, are EE consumption current data; P, are current data on current
environmental temperature; B, are forecasted values of subunits and FIE EE consumption;
P, is FIE EE consumption plan; P, mean EE consumption decision-making; P, are actions
of control for EE consumption regulation; P, is CRs optimal composition; P, mean EEQI
current data; P, are FIE EESS parameters current data; P, are FIE EESS configuration
current data; P, mean actions of control for EEQI control; P, are actions of control for FIE
EESS configuration change; P, mean actions of control for FIE EESS modes optimization.

System analysis results of FIE EE consumption control process are presented in form
of representations for separate actions:
— EE consumption registration, electric grid conditions and EEQI estimation as well as
measuring information reliability check:

FL. (R R Ky (Z,,2,.Z5)} > (R, P (13)
— model choose and EE consumption forecasting conducting:
FZ:{LZ’(PS’F)6'P7)1(K1’K4)lzl}_>P; (14)
— separate subunits and FIE balances normalization, planning and forming:
Fi{L. (P, R). K (Z,2,)) - Ry (15)

— FIE EESS and EEQI modes analysis conducting as well as FIE EESS reliability
analysis conducting:

F, :{L4,(P3, P,,R). (K, K7),(Zl,ZZ,Z4,ZS)} - P, PP (16)
— CRs list and their optimal composition forming:
K :{LS’ (R, R, B, R, (K, K,), (24,25, Z,, Z4)} - P, P,; an
—  EE consumption decision-making:
FG :{L7'(P5' PG' P9' Plz)'(K1’ KZ)I (le ZZ’ZS’ ZA)} - PlO' P“.ll; (18)

— FIE EESS configuration change and modes optimization decision-making as well
as EEQI normalization decision-making:

F i {Le (Par P Ps) (Ko K. (20, 2,24, 25, Z4)} — P, By P (19)
— FIE EE consumption control DB forming and updating:
F8 :{LGY(P?;’PM PS’ PB’ I:)7’ P8’ P9’ I:)SI.O’ PJ.Z’)’ KS’(Zl’Z?NZG)} - P3’ |:)4’ PS' PB’ PBI P9' (20)

The decomposition of the EE supply and saving control system, which has ensured its
representation wholeness and represents informational interaction, conditions and
mechanisms was conducted.
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Approaches to the development of the FIE EECACSS

The aim of the FIE EE supply and consumption control is effective (reliable and
economical) FIE EE supply and consumption.

The control criterion under existent relations with the EE supply organization could be
given in following form

J =AW + 2, AW + AP + A, AP, + 2,Q + Ky A,W +
+Yg (APt

7 “rest

)+ Yir (ypc,3) — min. @)

where: 4, and W are EE rate and its consumption volume by FIE (including conumption in

electric grid) accordingly; 4, and AW are consumed over the contract EE rate and its
wastes correspondingly; A, are P, contracted (stated, subscribed) capacity rate, that takes

part in maximal UES load, and this capacity value correspondingly; 24, and AP, are active
capacity rate, that was consumed over than was stated and its value accordingly; 4, and Q

are UES peak hours maximal load reactive capacity rates and maximal value of this capacity
correspondingly; k, =k, (or k, =k, ) means the charge coefficient for consumed (or

generated) reactive EE over the contract (confirmed by rates regulation authority)
accordingly; Y,are FIE consumption of UES peak hours maximal load active capacity

regulation; Y;, mean damages from unreliable work of electrical equipment y . and its tardy
out of service for repair.

Electrical energy consumption automated control and supply system of food
industry enterprise

On the base of main control tasks and using control criterion the functional scheme of
FIE EECACSS is developed (Figure 1).

On the base of the conducted system analysis let us formulate requirements for FIE EE
consumption and supply separate automated control functional subsystems (blocks).

Functional block of EE supply and consumption monitoring: in this block the
automatic data transmission form EE accounting devices and information reliability control
are implemented. Data registering time interval is determined, starting from parameters
accounting accuracy, that describe EE supply and consumption process.

The FIE EE supply and consumption efficiency control to a considerable degree
depends on the initial information quality, that is metering from measuring devices with the
aim of subsequent processing.

At the initial stage this information reliability control is implemented via EESS modes
and FIE EE consume parameters prior data analysis, such as permissible limits and character
of their temporal change, consistency etc. The additional control based on the use of different
dependence between EE supply and consume parameters.

Functional block of EE consumption: the FIE and its subunits EE consume forecast
(daily, monthly and annual) is conducted. For the forecasting are used both statistical model
and artificial neuronal network, what allows to take into account factors variety, which have
an influence on EE consumption norms and limits by FIE energy facilities.
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Figure 1. Functional scheme of FIE EE consumption and supply control:
1 — DB of FIE power sector ACS;
2 — DB of FIE EE supply and consume; 3 is monitoring block of EE consumption: here
is implemented the automatic data transmission from EE accounting devices and
information reliability control;
4 — forecasting block of EE consumption: here is implemented the FIE EE forecast
(daily, monthly and annual);
5 — analysis and optimization block of EE consumption: here is efficient comparison
and annual, quarterly and monthly EE balances optimization for FIE and its subunits;
6 — control block of EE consumption specific rates and efficient EE supply
implementation, that ensures the decision-making process of EE supply control;
7 — optimization block of EE supply modes on the base of measured voltage values,
active and reactive capacity;
8 — control block of EEQI based on the measuring devices values and normative EEQI
ensuring methods choose;
9 — organizational-technical FIE EE supply and consumption control methods.

Functional block of EE consumption analysis and optimization: on the base of the
FIE EE consumption collection and processing information automation the effective
comparison and optimization of annual, quarterly and monthly EE balances for FIE and
separate production subunits (shops) is conducted, as well as their accuracy and reliability
due to exception with erroneous data of erroneous devices recordings is ensured.
On the base of EE balances:
— the EE consumption analysis is conducted;
— EE saving tendencies are defined;
— EE consumption reduction possibilities are determined;
— EE consumption improvement measures are planned;
— EE consumption optimal scheduling strategy is chosen.
The electrical balance presents the base for EE consumption normalization
improvement, which essence brings to its implementation during the scheduling of
economically and scientifically justified EE consumption rates.

Functional block of EE consumption specific rates and efficient EE supply
implementation control ensures the act of control forming process and need to be conducted
by an expert or a group of experts on the base of the professional-logical analysis with the
use of decision-making support subsystems (DMSS) for EE industry.

The DMSS use ensures:
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— more accurate and effective decision-makings for FIE and its production subunits EE
control;

— improves the decision-makings quality in incompleteness and uncertainty condition of
outcoming information;

— reduces time and labor intensity of decision-makings.

Daily is given the summary list of FIE production subunits EE consumption indices,
such as current and scheduled absolute and specific EE consumption, specified limits use
coefficients and rate indices. As the need arises, the summary list can be given on staff
request by electrical supervisor service at any time. Especially it is necessary during FIE EE
supply failures and UES capacity deficiency.

According to this information the electrical supervisor service on the base of DMSS
use makes a justified decision on FIE and its subunits EE consumption parameters. DMSS
consist of the operating-supervisory control system, that ensures the prompt and efficient
decision-making, including alarm conditions in FIE EE supply system and by UES capacity
deficiency.

The managerial decision-makings is also supported by visualization tools, that realize
graphical models. On the base of EE consumption normalization principles [8] EE
consumption control decision are made.

Functional block of EE supply modes optimization on the base of measured in EESS
branch points capacity values, active and reactive capacity with the use of mathematical
models ensures forming of efficient capacity and EE consumption levels in FIE distribution
electric grids.

In functional block of EEQI control with the help of measuring devices set at various
EESS hierarchy levels are defined EEQI and with the help of mathematical models are
defined technical facilities control methods for normative EEQI ensuring.

For functioning ensuring of functional blocks are developed corresponding control
algorithms.

FIE EECACSS integration is implemented via: unification of various functions (EE
accounting, capacity regulation, EE resources supply and consumption modes control, EEQI
control) in hardware and software tools with the use of data exchange unified protocols and
communication channels; effect estimation, received as a result of common and coordinated
ACS functioning as well as wastes for their compatibility and interaction ensuring.

As a basis of a method is taken following principles of:

— systemacy — the integrated ACS creates the open dynamic system and corresponds to
wholeness, statefulness and purposefulness requirements;

— hierarchy. ACS hierarchy levels are defined by control processes division levels. The
determination of efficient modes organization of the same hierarchy level parts and
various levels parts intercommunication and interaction;

— technological information unity. The technological facilities monitoring results serve
as the base both for technical-economical tasks solving for technological control of the
production cycle as a whole and for technological control (regulation processes
parametric optimization, EE balances and technical-economical equipment work indices
accountings etc.);

— integrated ACS efficiency increase. The increase in comparison with overall
effectiveness of free-running ACS.

122 ——7Ukrainian Journal of Food Science. 2018. Volume 6. Issue 1



Automation

For principle maintenance it is necessary to ensure the compatibility of integrated ACS
hardware, software and informational ensuring. The essence of the method of EE ACS
compatibility and integration ensuring is in subsequent implementation of following stages.

At the first stage the functional integration is conducted and following characteristics
are ensured:

- system functioning local aims unity ensuring via FIE EECACSS functioning aim
determination is EE transmission effectiveness, division and consumption improvement
due to electric grid and EE consumers work modes optimization, EEQI normalization,
reliability ensuring of EE supply in emergency mode with the help of relay protection
and automation (RPA) and measuring reliability;

- generic functional structure synthesis of the whole system, its decomposition into
components via control system hierarchical structure development for FIE EE supply
and consumption automation including its structure and topology, power sources
amount, shop transforming substations amount, transforming substations automation
degree, information transmission channel-forming apparatuses use. Separation in the
structure of following subsystems: EE accounting and consumption control subsystem,
EE supply control subsystem, EEQI control subsystem, RPA subsystem;

- setting for each component the effectiveness criterion as well as functioning model,
data processing procedure, also functional and informational connections between
components with the help of efficiency criterion determination: for EE consumption
accounting and control subsystem it is measuring reliability, EE consumers optimal
composition and work modes; for EE supply control subsystem it is optimal
configuration and optimal working configuration levels of distribution and shop grids;
EEQI control subsystem it is optimal amount of EEQI improvement facilities; for RPA
subsystem it is EE supply ensuring in emergency modes. The communication channels
and communication grid choose. Functions and criteria effectiveness concordance of
all components.

At the second stage the informational integration is conducted and following
characteristics are ensured:

unified approach development to the information collection, transmission, saving
and use of the EE consumption, supply and EEQI control object at all hierarchical
levels of FIE EECACSS, what is ensured via system development of effective central DB
organization and, which unify functioning of following subsystems: EE accounting and
consumption control subsystem, EE supply control subsystem, EEQI control subsystem,
RPA subsystem. The ensuring of interdependent information circulation between system
components.

At the third stage the software integration is conducted and following characteristics
are ensured:

software tools common functioning ensuring, that are used for tasks solving of EE
resources monitoring and control as well as EE supply in standard and emergency
modes, what is ensured via program development for automated work place:

a — EE supply automation program module in standard modes;

b — EEQI monitoring module;

¢ — EE consumption monitoring module;

d — EE supply automation module in emergency modes;

e — EE supply system configuration change module.
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At the fourth stage the technical integration is conducted and following
characteristics are ensured:

computing techniques tools, sensors, basic automation and local computing grids
tools unify, that allows to conduct the automated implementation of all integration
kinds under conditions of devided information processing, which is ensured via:
communication channels, informational grids of all subsystems and local EE supply
automation systems unify; unified exchange protocols use; software development, that are
based on the identification and adaptation of EE consumption, supply and EEQI control
systems simulated models to their originals with the subsequent determination of optimal
regulators settings parameters.

At the fifth stage the experimental method effectiveness estimation according to
common criteria is conducted and following characteristics are ensured:

effect determination, that is gained as a result of ACSs common and coordinated
functioning, what is reached via determination at the economical effectiveness integration
development stage by dint of rate per one FIE shop transforming substation unit. According
to main FIE EE transmission, distribution and consume parameters of integration comparison
results for the same period last year: EE consumption and wastes determination, capacity
wastes, consumed EE costs and fines.

Organizational-technical ensuring of FIE EE consumption and supply control

For FIE EECACSS development let us implement modern information technology. The
analysis of ACSs development has shown, that FIE EE consumption control is advisable to
implement on the base of common operational system and not on the base of real-time
operating system, because FIE EECACSS includes the big amount of «background» tasks,
that are not combined hard with the decision-making time: EE balance accounting tasks, FIE
EE consumption normalization and scheduling tasks and other tasks. Function, which are
combined with information collection and its primary processing, as a rule, are implemented
by programmed logical controllers. They are programmatically compatible with the MS
Windows platform and are situated on the control centers. Information received from them
is inserted into PC.

For FIE EECACSS development is used informational data model, which is developed
according to object directed principle, that means that all EE consumption and supply objects,
which are control objects, are described by sever objects in the model.

Control objects description in the model is implemented in three stages:
— type development, which determines the object description structure;
— hierarchy element development, correspondingly the object type; the hierarchy element
determines the object place of this type in the control objects common structure;
— the object copy of this type is developed, what determines the description elements
meaning of the certain object. For the same object type can be create optional hierarchy
elements amount and copies.
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As the base for data model development is used CIM (Common Information Model),
the common informational model, IEC standard 61968, 61970).
Advantages of CIM-model use:
— objects description unification;
— software integration of various producers within the bounds of FIE;
— CIM-scheme portability between the applications.

Let us examine the data model at the level of applied and calculated tasks. At the level
of applied and calculated tasks are presented aggregated, processed according to special
algorithms data and information. During this information analyzing, it can driven a
conclusion about EE supply system work reliability and efficiency. This level has to unify
following programs:

— EE resources programs;
— FIE EE supply and consumption modes optimal control programs;
— FIE EEQI control programs.

Thus the offered approach to FIE EECACSS development, which consist of multilevel
control system organization taking into account the EE supply hierarchal system structure,
local and centralized control systems and energy efficient intellectual control algorithms use
and ensures the reach of high efficiency functioning of EE supply system and EE
consumption modes.

Conclusion

The FIE EE consumption and supply system analysis on the base of the control process
decomposition allows to determine the main control process stages; control functions
conditions ensuring; basic informational flows, that ensure EE consumption and supply
control as well as organizational-technical control function implementation mechanisms. The
FIE EECACSS synthesis is conducted with the use of the compatibility and integration
method, what allows to ensure functional, informational, program hardware technical
integration, experimental method effectiveness estimation according to common criteria. For
the FIE EECACSS development is used the informational data model, which is developed
according to the object directed principle with the use of informational CIM-model.
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Introduction. The work is devoted to the research of
methods of decreasing the sag of the power lines wires using
thermo-compensating devices. In this work will be reviewed
types and structure of active thermal compensating devices.

Research and methods. Mathematical models that
characterize the work of power line wires were used.

Results and discussion. Proven, that compensation of
power line wires sag by using active thermal compensation
devices, that are made of alloy with “shape memory effect”
(SMA) creates conditions under which it is possible either to
increase spans, or to reduce the height of the transmission
towers, while preserving the existing estimated spans.

In the industrial applications, it is necessary not only to
calculate the mechanical response of the actuator in terms of
recovery force or deformation, but also to evaluate its temporal
characteristics, i.e., the actuation and reset times.

Compensation devices in the most general form are
elements of force action mechanically connected with wires and
they have a force influence on wires.

The advantage of active thermal compensation devices of
power line arc of sagging over existing inventions was shown.

Conclusions. Scientific novelty of this work consists in
research of influence of active thermal compensation devices on
work of overhead power line wire.
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Introduction

An analysis of structural costs for the construction of power lines shows that the cost of
installation and assembling them is 20—-35% and the remaining 80-65% are spent on towers,
towers bases, insulation, grounding [1]. Therefore, one of the promising directions for solving
the problem is compensation of the temperature sagging of wires and wire ropes of overhead
power lines, which allows to increase spans without changing the height of the hanging
wire[6].

It is known that the main limitation in choosing the maximum spans is the permissible
approach distance of the wires to the ground or to the engineering structure which is
intersected. Spans are determined for the case of maximum ambient temperatures. The
permissible approach distance of the wires should be less than the difference between the
height of the suspension of the lower wires of the power lines and their extreme sagging in
the span. With existing fastening of wires on towers, there is a reverse dependence [3]
between temperature extension and tension in wires. It follows that in the presence of devices
that increase the tension in the wires at maximum temperatures, the compensation of the
temperature sagging of power lines wires is realized. Compensation of power line sag creates
conditions under which it is possible either to increase spans, or to reduce the height of the
transmission towers, while preserving the existing estimated spans. As a result, the specific
consumption of the towers, linear fittings, insulation is reduced, and the time for construction
of the power lines is reduced also [6].

Materials and methods

It should be noted that the main function of such methods and devices is to reduce
tension in the wires of power lines in the event of an overload (hoarfrost) for the purpose of
preventing wires from breaking, reducing the probability of crossing the wires in strong
winds, fighting hoarfrost, fighting vibration of wires [9].

Shape memory alloys (SMA), because of their unique mechanical characteristics and
shape memory effect (SME), have been widely used as force and displacement actuators in
many fields. Inthe industrial applications, it is necessary not only to calculate the mechanical
response of the actuator in terms of recovery force or deformation, but also to evaluate its
temporal characteristics, i.e., the actuation and reset times [9].

Compensation devices in the most general form are elements of force action
mechanically connected with wires and they have a force influence [7] on wires. However,
to some extent compensation of the temperature arc of sagging can also be achieved by
optimizing the location of towers and wires on towers.

Ways of wires sag compensation can be divided by the duration of influence to the wire
on power line: continuous; periodic; one-time impact.

By the nature of the working element, the compensation devices can be divided into:
load type, spring type (with compression springs, stretching springs); hydropneumatic;
jumper compensators; combined [6].

By the way of connecting a working element with a power line wire, the compensation
devices can be divided into those that have a connection to the power line through the
insulating element and those that have a direct connection to the conductor. This paper
presents the fundamental characteristics of SMA and a complete design mathematical model
of an active thermal compensator. It is shown, that compensation devices can react not only
to tension in the wire, but also to the temperature of the conductors of the power lines (Patent
of Ukraine for invention Ne 92091, HO1R 11/00. — Patent of Ukraine Ne 10389, F 03G 7/06.
Termopryvod/ Shesterenko V. Ye., Shesterenko O. V., Patent of Ukraine Ne14520, HO1H
33/70).
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Results and discussion

The purpose of this work is the development and research of multifunctional devices
for compensating temperature arcs of sagging of power lines wires, optimization of their
parameters, research of combined work of wires in spans with similar devices. The results of
these studies can be applied to power lines of any voltage ratings [4].

The calculation and operation of such nodes of the directed load, which are the
stretching and compression springs, are well studied. When reducing the tension in the wire,
the spring is pulling the wire by reducing its length. With increasing tension in the wire, the
spring increases [6]. This automatically adjusts the tension in the wire and the sag. This is
how the node of the directed load which is located parallel to the wire of power line is
functioning.

The analysis shows that, as a rule, for all the wires in the the estimated span is
determined by the sagging of the wire (arc of sagging) at maximum temperatures.

When using identical transmission towers, the specific cost of construction of a power
line depends on the number of towers per 1 km of the length of the line []. On the other hand,
an increase in spans without replacement of wires is possible only to a certain magnitude,
which can be increased by using the new designs of towers. Increasing the height of the
towers causes disproportionate using of materials (metal, reinforced concrete, wood, etc.),
which leads to an increase in specific value.

Given the fact that there is a reverse dependence between the temperature extension of
the wires and the tension in the wires, compensation of the temperature arcs of sagging of the
wires can be accomplished by increasing the tension in the wires at the maximum
temperature.

At the same time, without breaking the restrictions, you can reduce the sag of wires,
which allows either to increase the span, or to lower the height of the towers with existing
spans [5].

Load type compensators are widely used in electric transport power lines. Because of
them it is possible to minimize the arc of sagging of the contact wire [2].

The spring and hydropneumatic thermo-compensators are nodes of directed loads,
which are mechanically connected to the power line wire.

Mechanical properties of nitinol. The thermal compensation of the arcs of sagging is
implemented by the elements of force action, which are fastened to the wire and affect on it.
Due to the fact that the material with a “shape memory effect” has a significant impact
strength, a high endurance limit, easy to bend, dampens vibration, does not corrode even in
seawater, does not oxidize when heated to a temperature of 880°K, does not crack under stress
and is non-magnetic [1], from this material it is possible to make a power element in the form
of athread in the length of 1-8 m and to set it parallel to the segment of the wire in each span.

When the air temperature increases, the length of the wire increases. When the ambient
temperature reaches the temperature of the start of the reverse martensitic transformation of
the thermal compensator, it begins to pull the wire by changing its own length. With further
increase in temperature, the wire continues to increase its length, and the thermal
compensator — to decrease [6].
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Figure 1. Principle of implementation of thermal compensation
of wire sag on overhead power line

Using the unique properties of a material with a “shape memory effect”, it is possible
to have a zero or negative extension of the power line wire while temperature increases.

Figurel schematically shows the span of the overhead power line with the thermal
compensator that is made from the material with “shape memory effect”.

Wire 1, secured in the span on the towers, has a temperature compensation unit 2 which
consists of a thermosensitive element.

Work of thermal compensator on power line

The thermosensitive element at maximum temperature is compressed, the tension in the
wire 1 increases and the sagging arc decreases (solid line of Figurel) in comparison to the
arc without compensation (dashed line). If the temperature of the wire drops below the
martensitic point (about 288°K), the thermosensitive element loses its rigidity and under the
action of stretching aligns along the wire. With the next increase in temperature, the thermal
compensator restores its shape.

The main requirement for the operation of the thermal compensator with “shape
memory effect” is: the length of the section of the wire, parallel to which the thermal
compensator attaches, shall be equal to the length of the thermal compensator in the unloaded
state, increased by the magnitude of the maximum permissible deformation of the
compensator in the area parallel to the wire, and the value of the maximum possible
deformation of the thermal compensator shall be equal to the absolute elongation of the wire
in the given temperature range [8].

The thermal compensator can connect two spans of the wire. The force which it
perceives, is limited only by the horizontal component of tension in the wire, which allows
to significantly reduce the cost of materials on the thermal compensator. In addition, such
fastening of thermal compensator thanks to the flexible coupling of two adjacent spans of the
wire, gives an opportunity to regulate the vibration of the wires. In this case, the energy of
the fluctuation of a wire in one span is transmitted to adjacent spans and summed there with
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the energy of oscillations of these spans. Since the energy transfer is carried out through a
flexible compensator, the amplitude, frequency and phase of the oscillations change, and the
summation of such oscillations leads to their weakening. Thus, the damping effect of the
thermal compensators is similar to the action of vibration dampers [7].

Making wires or springs with zero or negative temperature extensions for a certain
temperature range has become possible after the discovery of the unique property of some
alloys to “memorize the shape” [6]. Most clearly this property is expressed in the alloy of
nickel with titanium — nitinol. The alloy is heated to transition to a high-temperature
modification and in this state it is given a certain shape. Then the alloy is transfered to
another, low temperature phase. This phenomenon reminds the thermoelastic transformation.
If after this the product from the alloy in the martensitic state is subjected to repeated plastic
deformation and then heated back to the high-temperature modification, it will receive its
original form, which was given to it at the first deformation in the state of high-temperature
modification [1] due to the reverse martensitic transformation.

A

€

J

 Elastic |
returning |

1°

=

Figure 2. Stages of shape memory alloy returning to its original form
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In order to reduce the arc of sagging of the wires at maximum temperatures and increase
the estimated span in the overhead power line, which contains wires, fixed in the spans, at
least part of the wire is made using a material with "shape memory effect".

Characteristic of the deformations of the thermal compensator that is made from the
material with "shape memory effect" are shown in Figure2. The temperature of the start and
end of the martensitic transformation, respectively Ms=282'K, M¢=278°K and the start and
end of the reverse martensitic transform, respectively A=285'K, A=306°K. The shape of the

curve of dependence Al, = f(t) is determined by the rate of heating and cooling.

\L,%

My Ms As 4 T°K

Figure 3. Dependence of deformation of an element with “shape memory effect”
from its temperature:
1 - reverse transformation; 2 — direct transformation.

Hysteresis of shape memory alloys. On the magnitude of the hysteresis affects the
composition of the material with “shape memory effect”. Thermal compensator activation
temperature depends on the load, i.e. working points of the same material are not stable and
can move a few degrees [7].
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Figure 4. Dependence of deformation from applied load

When examining the joint operation of the wire and the thermal compensator, made of
material with “shape memory effect”, we will take into account the piecewise-linear
approximation of the performance characteristics of the thermal compensator.

At the point Arthe thermal compensator completely restores its shape. The position of
the wire with the thermal compensator is indicated by a solid line in Figurel.

With a decrease in temperature, the thermal compensator, due to the presence of
hysteresis, continues to keep its shape (As-M:s).

Lowering the temperature to the start of a direct martensitic transformation (point Ms)
causes deformation of the thermal compensator. Tension in the wire in the temperature range
from the direct martensitic transformation (point Ms) to its end (point My) varies along the
curve Ms — Mr. With further lowering of the temperature, the thermal compensator did not
participate in the work of the wire, and the tension changes according to the natural
characteristic.

In electrical grids, the dependence of the stresses in the wire that came from the load
and the temperature is expressed by the equation of the state of the wire.

Analysis of mathematical models that characterize work of a wire with thermal
compensator

Because of the fact that the characteristics of the thermal compensator are unambiguous,
several equations are required to describe the operation of the wire with the thermo-
compensator.

For a section of a characteristic of a material with “shape memory effect” M<t<As,
where the thermal compensator does not significantly affect on the work of the wire, the
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equation of the state of the wire does not differ from the equation without the thermal
compensator:

v2.E-1? v2.E-1?
=0 — >
2402 240§

—a-E-(t—ty),

where vo — the specific load of the wire in its initial state;
to — the temperature in the initial state;
oo — tension at the lower point in the initial state;
E — modulus of elasticity;
o — temperature coefficient of linear elongation of the wire material;
| — the length of the span;
v,0,t — Specific load, tension, and temperature in the final state.

At the section of the characteristic As <t < Ar (Figure3) the thermal compensator
activates and restores its shape.

The magnitude of the direct and reverse action of the shape memory alloy elements
depends on the load (Figure 4).

This increases the tension in the wire and decreases the arc of sagging. Mathematical
model of the state of the wire for the given range:

v2.E-1? vZ-E-1?
z — 0o — 2
24-0 24-0

—a E-(t—to) — K (¢t — A,

where ax — temperature coefficient of elongation of the thermal compensator.
&

di = s
100-Aty,
where € — maximal elongation (compression) of the material with “shape memory effect”,
%;
Aty- temperature range of phase transformation.

Conclusions

1. Results of research data can be applied for power lines of any voltage ratings, with any
transmission towers.

2. A material with “shape memory effect” can be used to optimize the power lines.

3. One of the promising directions for solving the problem of optimization of power lines is
compensation of temperature sagging of overhead power line wires, which allows to
increase spans without changing the height of the suspension of the wire.
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Introduction. The improving of information and
management system of the modern power enterprises of the
food industry through the introduction of multiagent
technologies that will allow to leader of power enterprise
effectively use different sets of events within the total set of
legal documents to improve the level of safety of labor.

Materials and methods. The research was conducted
based on general system approach, grounded on
interconnection of elements intelligent agent, information
object, method of mathematical modeling.

Results and discussion. The process of
intellectualization is proposed carry out based on
introduction of multi-agent technologies that will allow to the
leader of power enterprises effectively use different sets of
events within the overall set of legal and regulatory
documents to increase the level the safety of work. In
addition, the increased efficiency of functioning the
information and operating system of management the safety
of work in the food industry, to allow determine the optimal
set of events for labor safety, and this makes it possible to
achieve improving the labor safety. It is showing the
curtailment of time on solve the tasks of management the
level of labor safety in a changing information environment,
especially during the peak of load in the energy sector of the
food industry. The results of mathematical modeling which
based on using of multi-agent technologies in information
and operating system of management the labor safety
achieved improving labor safety in the energy sector of the
food industry on 12-18%.

Conclusion. The main research results are
recommended for use on enterprises of the food industry to
reduce the risk of an offensive extraordinary situation in the
energy industry of food enterprises industry to a level that
meets acceptable risk, at the expense of choice the optimal
set of measures for ensuring labor safety.
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Introduction

In modern conditions of market business in Ukraine creating, reconstructing and
operating a large number of enterprises of food industry that operate industrial power installs.
Among the objects that operated, occupy a significant amount those installs, that were built
and began to work in the last century with the consideration of requirements and technologies
of that time. This is one of the factors that degrade the state of labor protection on enterprises.

Analysis of the modern economic situation in the food industry, including the energy
sector, allow to make a conclusion about the presence of a crisis, primarily due to the presence
of the investment deficit is practically blocked the process of renewal of the primary funds.
The result of this is the abrupt fall of technological, production, labor discipline, which in
turn significantly effect on the level of the safety of work.

Production in the food industry associated with the consumption of large amounts of
electricity, fuel and other energy (steam, compressed air, hot water) and providing of
communication systems. In the food industry the part of consumed energy in the production
cost is about 30%. Normal functioning of industrial system of the enterprise depends on
timely supply of energy resources by their types and in a certain amount.

At the enterprises of food industry, a large number of factors that are interconnected
and conditionality effect on the level of injury. Therefore, organizational structure of the
providing the labor protection should be enough to prompt and consider all production
factors, timely detection, do accounting of their, analysis and estimation and shut out
traumatic situations. However, the system of energy sector is to expanded. Therefore, timely
communication between the leader and departments is rather difficult.

In the modern conditions of business, that characterized by an extremely difficult
situation in the country, the question of safety of the production processes in the field of labor
protection take on particular topicality as in the conditions of a low funding it promotes the
searching and rational use the ways of decrease the level of production injuries. Great
contribution to the solution of these problems made domestic and foreign scientists: O.l.
Amosha, R. Anderson, P. V. Beresnyevych, B.O. Bilinsky, Y.F. Bulgakov, G. Vylde, A.O.
Vodyanyk, A.R.Hale, V. A. Glyva, H.H.Gogytashvili, V.l. Holinko, A.O. Gurin, O.l.
Zaporozhets, W. Kelen, F.S. Klebanov, V.I. Kozlov, O. E. Kruzhylko, O.E. Lapshyn, O.G.
Levchenko, G.V. Lesenko, M.O. Lysyuk, I.A. Luchko, N.A. Prahovnik, I. M. Podobed, A.
Rayf, N.V. Stupnytska, K.N. Tkachuk, A.M. Feber, M.I. Shvydkyi. In particular, in [1]
proposed a new system of the creation documentations for management systems of
information security, that display features, that characteristic the system of management of
information safety of the organization. In [2] improved the evaluating of effectiveness of
management decisions under conditions of operation information-analytical systems based
on uses the indicators of executive discipline, quality and effectiveness of realization of
management decisions. The problems of perfection the system of management by labor
protection on enterprises explored in the works of such authors as Shulga Y.I. Sukach S.V.
[3], G.G. Gogitashvili G.G. [4], Lesenko G.G. [5], Sergienko M.I. [6], Romanchuk A.A. [7].

However, in the presents of a large number of scientific sources that consider the
questions of the organization of safety and prevention injury in various industries today all
these events are planning and implementing based on subjective opinion of leader
considering on the economic opportunities (not decrease profits) and considering
requirements of the regulatory framework. Considering the state of labor protection [8]
carried out on the results of the consequences of injuries [9, 10] and occupational diseases of
workers. In the background stays the task of neutralization the dangerous and harmful factors.
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One of the promising areas of research is the introduction of intellectualization of the
process the decisions making based on the total amount of information. Only such decisions
allow to produce the optimal set of events to providing the labor protection.

The process of improving the functioning the system of management the labor
protection (SMLP) requires the rational organization and a coherent interaction between the
leader of power manage and heads of all structural units, and effective interaction with
industry, accordingly to state agencies and the implementation of all regulations.

Today on the forefront of science researches put the task of raising the level of
intelligence of specialized control systems, which stems from the limitations of traditional
informational approach. Within the general concept of construction, the information and
management system of the power enterprise of food industry formulated agent-oriented
approach to intellectual interaction of components.

Intelligent Agent (IA) — a program or hardware object that operates autonomously to
achieve the aims set in front of it by the owner or the user that has certain intellectual abilities.

Materials and methods

Despite of number important works [8, 9, 10] in the field of building integrated
intellectual systems, the task of creating methods of designing intellectual information and
management systems for such complex objects, the energy sector is not resolved. Require
further research and development such questions as: the development object of the model of
information and control system the energy sector of the food industry, which would include
the base of a framework regulations in the field of safety of work; build a model intelligent
agent for information and control system the energy sector of the food industry; build a model
of finding a solution on the selection of total events [11] to raise the level of safety of the
work in the energy sector of the food industry. Development of the methods for storage and
search of regulatory and legal framework in the information and management system the
energy sector of the food industry.

The mathematical model of the information object of intellectual information-analytical
management system of the energy divisions for the food industry plants was developed that
also includes an ability to update the database of labor laws.

The mathematical model of intellectual agent was created, as part of intellectual
information-analytical management system of labor protection of the energy divisions for the
food industry plants, which also includes parameters of harmful and dangerous factors of
production flows.

In the work the topology and methodology of constructing an intellectual information
and analytical system management of labor protection of the energy divisions for the food
industry plants was developed and brought to practical implementation of architecture.

Results and discussions

In general, the model of information and control system the energy sector of the food
industry can be represented as follows (Figure 1).
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LESEFI

Y /‘ \ X
g > ESEFI

MAS LOD

< A 4
-

Figure 1. The general model of the information and control system the energy sector
of the food industry:
Y — the vector of the regulatory and legal base; LESEFI —the leader of energy sector of the enterprises
food industry; MAS — the multi-agent system; LOD — the leaders of official departments; & — the
destabilizing factors; X — the vector of the state the safety of work in the energy sector of food industry.

The task of rise the safety of work in the energy sector of the food industry using multi-
agent technologies in a formalized form it can be defined as

L(SW) — wmax,

where L(SW) — the level of the safety of work in the energy sector of the food industry, the
imposition of limitation on value of the events

C<C(Ch.

An essential basis for formalization intelligent components of the information and
control systems the energy sector, shown in Figure 1, is a model of information object (10)
Information object propose to define as follows:

O:=<No{A}{O}{F}{L}>

where No —the name of object; {4} — the set of object attributes (4, ...,4n), Ai—i-th attribute
10; {O} — the set of objects, which structurally include in the object,
(Oyo, 1Ono, »+1Ono, )» 1€ Oy i-th subordinated object, the object with name No; {F} — set

of functions which implement this 10, {L} —the set of regulations, from which select the
optimum set of recommendations.
The attribute of 10 defined as:

A = <Na,SaA,Va>

where N4 — the name of attribute, Sx — the set, in which define the meaning of attribute, Va
— the meaning of attribute, namely a €S, at this time t.

Based on analysis of the characteristics and imperfections of the known models of
intelligent agents (1A) 1A proposes that the structure of 1A look like:
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IA = <Nja, Sa, Via, Mg, Vo>,

where, Nja —the name of intelligent agent; Sa —the structure of attributes, which defined
similar to structure of attributes for information objects (I0); Via = {IA} —the sets of invested
IA; Myg —the mechanism of choice the model of operation the regulatory and legal base
VO = {0} - the set of information objects that implement the screenplays of work the IA.

The intelligent agent based on criterions the choice of model the functioning, founded
in the Myg, make a decision about the realization at this time some of the screenplay of work
and initializes the appropriate 10. The information space of intelligent agent is defined as a
set of 10 and 1A that surround IA; and interact with it, where

ARIiA:(NIAj'AIij""’ ./;jiNlAl!AFA‘!'--vAK')v
ARllo:(Nloiji)Ja---’Aﬁ%ilN|0|vA;:o,1---: q(/),)'

The model of choice the behavior of Al may be present: Myg = (MIS, MG, MSR, MA),
where MIS — the model of information environment, MG — the model of defining the aim,
MSR — model of finding a solution considering the regulatory and legal framework, MA —
the model of active action.

The model of defining the aim is constructed so:

D FGS

top
G 1A 1A

GS,, .G,

MG, = (SS,, . FSS G, FG FAG,, . SMA, (1)) .

1A
Here SS — the set of strategies, that understand as methods for selecting aims
SS =(S;]i=1,...,n), FSS — the function of choice the strategy; GS — the set of static aims, .

G" . —the set aims that get from this IA from agents a higher level of hierarchy, G*™" —the
set of the aims that can be transferred to IA of lower levels; FGP® — the function of forming
the dynamic aims FG® — the function of choice the static aims; FAG —the function of choice
the active aims, scilicet aims that accept to realization; SMA - the state of the multi-agent
environment.

Under the search decisions should understand the finding of way to achieving the aim
or aims given from IA in the current state of MA-environment (Figure2). Because different
structural departments of the energy sector of the food industry has its own specific including
at making a decision, it is hardly possible to use some universal method of searching a
decision for all subsystems of 10S.
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The formation the first
situation of MA- environment

v

The repeat of models steps

to achieve the aim

The perform of observation

The defining of smallest
deviation

The formation of the initial
state of MA-environment

| The formation of set the
v actual 10

The selection of strategy

regulatory framework The phase of active action

The formation of a new

The reseption the aims that current state of MA-environment

received from “top”

The calculating of rating
the state of aims from reached state
MA- environment, determining the

deviation from the aim

The reseption the aims that
Transfer to “down”

The building a set of active
aims

The comparison with
acceptable complex of deviations

The formation and transfer
of the passive 10

Inference of decision

Figure 2. Algorithm for finding a solution by intelligent agent

In the proposed model 1A, the following type of search solution. We think that the 1A
has a certain set of static aims GS ={gs' i =1,...,n}. Here each 10 cover some plan. Known

ways to achieve the aims scilicet are built information objects . (10' |i =1,...,n) ., the operation

of which should lead to gs'. Here each 10 cover some plan. Inside this plan, that is in
behavior 10, can be formed arbitrary messages and arbitrary sequences of actions.

Then the model of finding a solution given the function of finding a solution
SR:GS —» VO, where VO — a set of invested 10 of i-th IA. This image is synonymous, but
not mutually, because maybe, that some aims are achieved by the same 10. The model of
active actions determined by image AD : GA — VO, which chose necessary for launching in
the current time of 10.
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The constructed model of finding a solution in a model of 1A allows to describe such
known classes models of realization behavior as a model with conditioned ending set of
elementary actions; model with the set of plans; model with random messages and actions.
On the base of this model can be created the new models of behavior the IA, that combine
the mechanisms of different classes.

Based on designed methodology of searching a solution about the choice of totality of
events to increase the level of safety the work [14], implemented the estimation of using of
IOS on the example of the work the leader of the energy sector of the food industry.

The evaluation of the efficiency of work the information and management systems of
energy sector the enterprises of the food industry considered on the example of the analysis
of the algorithm of the head’s activity of the energy sector in relation to the task of selecting
the totality of events to increase the safety of work. The essence of the task is consist in
choice the optimal set of tools to increase the level of the safety of work. For this task were
divided into elementary operations (total 12 operations) and logical terms (3 conditions).
Quantitative

characteristics (number of detected violations from safety of work per year, the number
of staff’s injuries per year, the number of days of sick leaves per year, the time of basic
operation, time dispersion of basic operation and the probability of error-free
implementation) are taken from statistical data [12, 13].
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- - - -In the regime "client-server"
— — Inthe application of intelligent components
—— The maximum allowable time

Figure 3. The dependence of the average time to make a decision from the number of tasks
decision-making tasks per week
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On the graph (Figure 3) shows the average time for decisions by leader of the energy
sector based on around-the-clock character of activity providing staff. As can be seen from
the graphs, using intellectual 10S gives a essential advantage in solution the tasks of the
choice the set of events to increase the level the safety of work, however, due that the average
time on perform one solution in intellectualization system is less, the total number of
decisions per week increases.

Solving the converse task about to definition the probability of faultless decision-
making at a fixed time to solve management problems can also determine the effectiveness
and feasibility of the introduction of intellectualization of information and operating system
of the energy sector of the food industry. Thus, the rise of efficiency when using the same
initial data will be 12 — 18%.

Conclusions

In this work it is shown as possible to improve the information and operating system of
the modern energy enterprises of the food industry by intellectualization of the process of the
decision-making based on the received amount of information. This process of
intellectualization is proposed carry out based on introduction of multi-agent technologies
that will allow to the leader of power enterprises effectively use different sets of events within
the overall set of legal and regulatory documents to increase the level the safety of work. In
addition, the increased efficiency of functioning the information and operating system of
management the safety of work in the food industry, to allow determine the optimal set of
events for labor safety, and this makes it possible to achieve improving the labor safety. It is
showing the curtailment of time on solve the tasks of management the level of labor safety
in a changing information environment, especially during the peak of load in the energy
sector of the food industry. The results of mathematical modeling which based on using of
multi-agent technologies in information and operating system of management the labor safety
achieved improving labor safety in the energy sector of the food industry on 12-18%.
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AHoTauii

XapuoBi TexHonorii

YaockoHaIeHHSI TeXHOJIOTil BapeHHX KOB0ac 3 BHKOPHCTAHHAM 0i1KOBO-MiHepaIbHO-
BYIJIEBOJHOI 100aBKH

Jlropmmna IMemryk, Onekcanap ['op6au, Oner ["anenko
Hayionanvuuii ynieepcumem xapuosux mexuonocii, Kuis, Yxpaina

Beryn. [IpoBeneni JOCHiKEHHs 3 METOI0 BU3HAUCHHS BIUTUBY JOJIaBaHHS XiTO3aHY 110
M'SICHOTO TIPOJYKTY 3 MEXaHIYHO BiJOKPEMJICHHM M'SICOM TTHIII.

Marepiamu i MmeTomu. JlociiKy€eThCsl TEXHOJIOTISI KOBOAC 13 TOJaBaHHAM JI0 CKIIaIy M'sica
ITULIl MEXaHIYHOTO OOBATIOBAaHHs, KOHIIGHTPATy CHPOBATKOBOTO Oinka, Oika COEBOTO
ri[paToBaHOro, TBAapUHHOIO OiJKa, CHUPOBATKOBOrO Oinka 1 OLIKOBO-MiHEpaLHO-
BYTJICBOAHOT 100aBkK. Bu3HaueHHsS aMiHOKHCIOTHOTO CKJaay MPOBOAMIM BiIMOBIIHO IO
MeTOJy i0H00OMiHHOT XpoMaTorpadii.

Pesyasrarn i odroBopennsi. Bapena koBOaca 3 OLIKOBO-MiHEPaJIbHO-BYTJICBOJHOIO
J00AaBKOO Ma€ BHUIIII CIIOYKUBYI BIACTUBOCTI y TOPIBHSHHI 3 KOHTPOJIEHUMH 3pa3KaMHu.

BonoroyrpumyBanbHa 37aTHICT (hapIIeBHX CHCTEM, O CKIany SIKMX OYyJIO BHECEHO
XiTo3aH, OLTOK cO€BWH, OUIOK TBapWHHUI, OLTOK CHPOBATKOBHH, OLTKOBO-MiHEpalbHO-
BYTJIEBOJHY A00aBKy, 3poctae Ha 10—15%, mo 30iiplIye BUXiZ TOTOBOTO HMPOAYKTY Ta
CIUIAaHYBaTH KO0 BJIIACTUBOCTI MICIIS 3aBEPLICHHS TEXHOJIOTIYHHX MTPOLIECIB.

BBezneHHst  OUIKOBO-MiHEpalbHO-BYIJIeBOAHOI jo0GaBku B KimbkocTi  10% y
riZipaToOBaHOMY CTaHi MO3UTHBHO BIUTMBAE HA TEXHOJIOTIUHI BIACTUBOCTI (hapiry yTpUMYBaTH
BOJIOTY, KHP Y TIpOLeci TEePMOOOPOOKH, 1110 BaXKJIMBO IIPH BUKOPUCTAHHI B TEXHOJIOTIi came
BapeHHX KOBOACHUX BUPOOIB.

l'oToBi KOBOacH MarOTh 30aTaHCOBAHUI aMIHOKHCIIOTHHN CKJIaJ, SKIIO ITOPIiBHATH 3
KOHTpOJIeM. Y BapeHHX COCHCKaX CIIOCTepiraloThcs OUIbII BUCOKI piBHI Baminy (0,8%),
mizuny (Ha 0,91%), Metnoniny (Ha 0,10%), Tpeoniny (ua 0,54%), amaniny (Ha 0,54%),
acriaparinoBoi kucnots (110 0,65%) tarminuny (Ha 0,59%), SIKIONOPIBHATH 3 KOHTPOJIBEHOIO
po6oro.

BucnoBkn. Xito3aH npu B3aemomii 3 Oyab-KAM TBapHHHUM OUIKOM  ITiJBHIIY€E
BOJIOTICTh TOTOBOTO mpoaykry Ha 10-15%. Bapena xoBOaca 3 M'SCOM NTHIII MEXaHIYHOTO
JOOOBAIOBAaHHS Ta  OIIKOBO-MiHEPATbHO-BYIJIEBOAHOIO  J00aBKOO  Mae  JobOpe
30ayIaHCOBaHMI CKJIa[], XapaKTePH3YEThCsI BACOKMMH CIIOXKUBYMMHE BJIIACTUBOCTSIMU Ta MOXKE
OyTH BigHeceHa [0 TOBHOLIHHUX TPOAYKTIB XapdyBaHHSI 3a BMICTOM HE3aMiHHHX
aMIHOKHCIIOT.

KuiouoBi ciioBa: 6inox, eyenesoou, m'sco, kogbacu, Ximo3am.
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®Di3uvHi XapaKTepUCTUKH (PYHKIIOHATHHOTO NMeYHBa, 30araueHoro miacTiBusgMu
eiiHKOpHY

Isan Jlimos?, Biktopis CToMaHOBCKa?
1 — Tpaxiticoxuii ynieepcumem, Cmapa 3azopa, boaepapis
2 — Bimonascoruil ynigepcumem « Ce. Knumenm Oxpudcoxuily, bimona, Maxedonis

Beryn. CywacHi JOCHiDKEHHS, TOB'SI3aHI 13 CIIOKMBAaHHAM (DYHKIIOHAJIBHUX
MPOJXYKTIB, IiJBEPXKYIOTh, 110 INPOAYKTH i3 3€pHa EHHKOPHY MaroTh (YHIIOHAIbHI
BJIACTHBOCTI Ta BIIIrPalOTh BaXJIMBY POJIb y Xap4yyBaHHI JIIOJAWHH.

Marepiaan i metoan. /{151 BUTOTOBIICHHS IIeYBa OYJIM BUKOPUCTAHI TakKi MaTepiaiu:
sepHo eiiHkopHY (Triticum monoccocum L.) Ta eHHKOpHOBI IUIACTiBI. BHpPOOHHIITBO
MIeYMBa, a TAKOX BU3HAYCHHS 1X (PI3SMUHMX BIACTHBOCTEH (YHiKaHHSA Ta 00'€M) IPOBOIMIH
srigao 3 Meromamu AACC 10-50D. Komip meunBa BU3HaYaIH CHEKTPATEHAM METOIIOM i3
3aCTOCYBaHHSAM TOHOMeTpa, Livibont Tintometer RT 100 Colour.

PesyabsTaTn i o6roBopenns. [1ix gac BumikaHHsA BOAa, MPUCYTHS B YTBOPECHOMY TECTi,
BUIIAPOBYETHCS, 10 HANAE IECUMBY XapaKTepHY CTPYKTypy. Haiibinpmi BTpaté minm wac
BHITIKaHHS MaJIo TIednBo, BUroToBieHe i3 100% Gopommnra (15,16£1,01%), a HalimeH™Ii — 3
100% mnacriBuis (9,54+1,22%), 3 pi3HUIIEI0 MIX JIBOMa 3pa3kamu — 5,62%.

Pesynbrati, oTpuMaHi Ui yIiKaHHS e4YHBa, BUTOTOBICHOTO i3 100% eHHKOPHOBUX
IUTACTIB, € CTATUCTUYHO 3HauyMu (p <0,05).

Haii0inpmuit 06’em Maynio neuuBo, BurotosicHe i3 100% eldHKOPHOBOro OOpOIIHA
(79,00+0,50 cm®).

Bci 3pa3ku neunBa Many KOJILOPH B 3€JIEHOMY Ta )KOBTOMY CIICKTpax, a HAHCBITIIIIINMHU
Oymu 3pasku, BurnedeHi i3 100% eHHKOpPHOBMX IUTAcTiBIiB. BiaMiHHOCTI MiX OKpeMHMH
3paskaMy Oy HE3HAUHUMH.

BucHoBkn. 30UIBIOICHHS KITBKOCTI EWHKOPHOBHMX IUIACTIBIIB, MONAHHUX [0
€HHKOPHOBOTO OOpOIIHA, NMPHU3BOJUTH 10 HE3HAYHOTO 3HIDKCHHS BTpPAT Ha YIIKAaHHS Ta
00’eMy BHIICUEHOTO MIEYNBA, a TAKOXK OCBITIIIOE KOJIIp Te4HBa.

Kiiro4oBi cjioBa: eiinkopn, niacmieyi, newuso, QyHKYioOHaIbHICMb.

BruiMB HykpiB Ha CTPYKTYPHO-MeXaHiuHi XapaKTePUCTHKH reJliB arapoBux
nojicaxapuais

Anronenna Jlopoxosuu?, Onena Fonuapyk?, Japis Matact, FOnis Kam6ynosa®
1 — Hayionanvnui ynisepcumem xapuosux mexnonoziu, Kuis, Ykpaina
2 — Incmumym ximii nosepxui im. O.0. Yyiika HAH Yxpainu, Kuis, Yxpaina

Beryn. AkTyanbHUM HayKOBHM 3aBJIaHHSIM € BCTAHOBJICHHS BI]MIHHOCTEH CTPYKTYpHO-
MEXaHIYHAX XapaKTePUCTHK TeliB arapy 1 K-KappariHaHy 3 pIi3HMMH BHUJIAMH IIyKpiB
(caxapo3oto, TI0K03010, (PPYKTO3010, JTAKTYII03010).

Marepiaan i Mmeroau. CTpyKTypHO-MEXaHIUHI XapaKTEPUCTUKH TEIiB AarapoBHX
nomicaxapuzis (arapy, K-kappariHaHy) — MOy/Tb MUTTEBOI TIPYXXHOCTI, MOJTYJTb €IaCTHYHOCTI,
TIPYXHY, eJaCTHYHY Ta IUIACTHYHY Ae(hOopMarlito — JOCTIHKYBAI METOJIOM TaHT€HIIAILHOTO
3MIIIEHHS UTACTUHKU. Y JOCIIPKEHHIX BUKOPUCTAaHI MOJIEIBbHI CHCTEMH TelliB Ha arapi i k-
KappariHaHi i3 caxapo3010, III0K03010, (PPYKTO3010 Ta JIAKTYII03010.

Pe3yabraTn i 06roBopennsi. ['esti arapoBHX 1osricaxapy/iiB MOXyYTb BUTPUMYBATH Pi3Hi
MaKCHMaJIbHI HABaHTaXXEHHsI 3aJIS)KHO BiJl BUAY LyKpy. MOayJlb MUTTEBOI MPY>KHOCTI Mae
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HaWOUIBII 3HAYSHHSI B TEJIAX 13 caxapo30l0 sK Ha arapi, Tak i Ha K-kappariHafi, a 3HaYeHHS
MOZYJSL eNAaCTHYHOCTI OyiaM BHINMMH Ul TelliB 3 MOHOcaxapuiamu. Ha Hamry IymKky,
BiZIMIHHOCTI TOSICHIOIOTBCSI PI3HHIICIO B MPOCTOPOBiii OYIOBI 1 MONEKYISIPHIN Maci IyKpiB,I10
HaKJaga€ BiZOWMTOK HAa 3/aTHICTH 3B’S3YBAaTH HHUMH BOAY, TOOTO TigpaTamiifHy 3IaTHICTB.
3HayeHHs 3aradpHOi Jedopmarlii 3ajekaTb BiX BHAY Teio: Uil arapoBux 1 k-
KappariHaHOBHX TeJiB 3aJIe)KHOCTI 3 IyKpamMu pi3Hi. HaiiOinpme 3Ha4eHHS 3arambHOT
nedopmariii  arapoBoro Tell0 Mae 3pa3ok i3 caxapozoro — 42,38 ym.om. s k-
KappariHaHOBUX I'eJliB HalOlIblIIe 3HaUeHHs 3arajibHoi nedopmanii 3 MoHocaxapuaamu. [Ipu
LOMY SIK Ha arapi, Tak i Ha k-kappariHaHi 3pa3ku 3 TUCaxapuaoM CaXxapo30i0 MAIOTh OLTBIII
3HAUCHHS TIOKa3HWKa TNpyxHOI paedopmarii, HK CymMapHa KUIBKICTh €JaCTUYHOI Ta
rtactudHoi nedopmaniii. [IpoTe, He3aneKHO Bij mojricaxapuiy, BAKOPUCTAHHS IIIOKO3H 1
(GpyKTO3M HajJae refisiM eNacTUYHOCTI 1 IIacTUYHOCTI. J[o/JaBaHHs JIAaKTYJIO3U B CUCTEMH 3
arapoBHMH IOJNiCaXapuAaMH HPH3BOIHUTH 10 3MILHEHHS CTPYKTYpH COPMOBAHOTO TeIlo,
PO IO CBiAYATh OLIBII 3HAUYCHHS CHJIM MaKCHMAaJIbHOTO HABAHTAXXEHHS Ha KOXKHY CUCTEMY.

BucHoBku. BcraHOBIEHHI IHIUBIOyanbHUH BIUIMB caxaposu, TIIIOKO3H, (PYyKTO3H,
JMAKTYJI03W HA CTPYKTYPHO-MEXaHIYHI XapaKTepHCTUKW TeliB arapy 1 k-kappariHany.
Hucaxapuny B OiIoMy OOYMOBIIOIOTH OUTBIIMN MOIYJH MPYKHOCTI, & MOHOCaXapuah —
MOZYJb SNACTHYHOCTI CHCTEM 1 301bIICHHS CyMapHOI YaCTKH €NacTHYHOI Ta IIACTHYHOI
nedopmariii.

KuiouoBi cioBa: cens, acap, k-xappacinan, miynicmo.

Konposa oais: ximiunmii ckinan, Bupopounurso. lllupokuii orasan inaiiicbkux
XapaKTEePUCTUK Ta GYHKUiOHAJBHUX ACHEKTIB.

I'.B [TaBan Kymap, H.B.B.C.C. Jlakcxmi, U. [leena, B. [1aan Kymap, I1. Pamkenpa Kymap
Kopanecvruii konedoc papmayii, Kopanei, Indis

Beryn. [IpoBeneHo aHANITHYHHIA OTISA 3 METOKO OIIHUTH XIMIYHI Ta TepalneBTHYHI
repeBaru KOKOCOBOT (TaKoK BiJJOMOI sIK KOIIPOBOT) OJIi.

Martepianu i Mmeroau. Orisi 0a3yeThCs Ha aHai31 Cy4acHOl HAyKOBOI JIiTeparypu.

Pe3yabrarTn i 06roBopenns. «4ucra» kokocosa oiisi (HaiyucTima Gopma KOKOCOBOT
o) — Oe30apBHa 1 BiNbHA BiA TipkoTH. BOHa mix yac excTparyBaHHsS BiJJIUISETHCS Bill
HaTypaJibHOT KOKOCOBOI OJIif, sIKa BIIIIJSIETHCS LUISIXOM XOJIOMHOTO IPECYBAaHHS KOTNPH
(BHCYIIEHOTO €H/IOCTIEpMY KOKOCOBHUX TODIXiB), SIKMH BIAJUISETHCS 13 «MOJIOKA» CBIKHX
KOKOCOBHUX TOpiXiB. JI7s1 OTpHMaHHS OJii BUKOPHCTOBYIOTHCS HATYpallbHI a00 MeXaHIdHi
3aco0M, 13 3acTOCyBaHHSIM HarpiBaHHsi 1 0e3 Hboro. Omist He mimisrae XiMivHOMY
30araueHHIO, OCBITIIEHHIO 200 JeriapyBaHHIO. [Tofanbii nponecw, Taki K pepMeHTaLlis Ta
BIZIIEHTPOBE PO3AIJICHHS, 3aMOpPOXEHHs, IMiAgaBaHHS Aii  (QepMeHTiB  JO3BOJSAIOTH
BIZIOKPEMHTH OJiI0 BiJ BOAM. Y NESIKHX BHIIAJIKAX BUKOPHCTOBYIOTH MIKPOJHMCTHIIALIIO,
TOOTO KHIIHHSA CBDXKOI KOKOCOBOI OJIii 3 MOJAJIBIIMM BHIIAPIOBAHHSAM BOJAM, a00 MpsiMe
XOJIOZHE CTHUCHEHHS CBIKOCYIIEHOi M'SKOTI KOKOCOBOTO TOpixa. ApoMar CBIXXOTO
KOKOCOBOTO TOpixa MOXE BapifoBaTHCS BiJ JIETKOTO 0 IHTEHCHBHOTO B 3aJIEKHOCTI Bif
METO/ly €KCTparyBaHHs OJIii.

3araipHe BHPOOHHUITBO Xap4oBOi KokocoBoi oxmii B Iuaii ckimamae 6mm3pko 400000
ToHH. Jlns BupoOHMIITBA KOKOcoBOoi omii B IHmii msIxom mOAPiOHEHHS KONIPH
BHUKOPHCTOBYIOTHCSI POTOPHI Ta ITHEKOBI ITPECH.

B ocHOBHOMY «uKCTa» KOKOCOBa OJIiSl CKIIAA€ThCs 3 TPUIIILEPUAIB CEPEeTHBOTO
JIAHIIOTA, CTIMKKX JI0 TIEPEKUCHOTO OKUCIICHHS. BoHa BiIPi3HAIOTHCS BiZi TBAPUHHOTO JKHPIB,
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SIKI CKJIaJal0ThCS 3 JOBI'MX JAHIIOTOBUX HACHYEHUX JKUPHHUX KHUCJIOT 1 € OTHUM 3 OCHOBHHUX
(akTOpiB PU3MKY CEpIEeBOTO YCKIaTHEHHSA. JKHpHI KHCIOTH CEpPeIHBOTO JIAHIIOTa
BIPI3HAIOTBCSA B MJOBIHX OKHPHUX KHCJIOT, OCKUIBKM BOHH 3HIDKYIOTH PH3HK
aTepOCKIIEPO3Y 1 CEPIEBO-CYANHHHUX 3aXBOPIOBAHb.

BucHoBok. «HucTa» KOKOCOBa OJIig Ma€ psAJ IepeBar Ui 310pOB 51, 30KpeMa, y JOTIIAL
3a IIKipOO, BOJIOCCSM, IIOJICTIICHHSM CTpecCy, 3HIKCHHI Baru Ta MiATPUMYBaHHI piBHS
XOJIECTEPUHY, BOJIOJIIE IMyHOMO/TYJIFOIOUMMH e(eKTaMHt, 3HIKYE PU3UK CEPLEBO-CYANHHUX
3aXBOpIOBaHb Ta XBOpoOWM AublreiiMepa. BoHa Mae TpuBanmumii Tepmin 30epiraHus i
BUKOPHCTOBYETHCS ITiJ] YaC BUPOOHHUITBA X102, AUTIYMX CyMIIIeH, IIKapChKUX ITpenaparax
1 KOCMETHKH.

Kuarouosi ciioBa: xoxoc, konpa, onis, pyukyionanvricme, IHOis.

HyrpienTHi BJacTuBOCTEl M'SICHUX NALUTETIB 3 BAKOPUCTAHHAM POCJIMHHOL
CHPOBUHHU

Oxcana Mockamok®, Onexcannpa Famryk?, Jirogmmia [emyk?,
Jrogmuna Cureox?, Oner "anenko?
1 — Hayionanvnuii ynisepcumem xapuogux mexuonoziu, Kuis, Yxpaina
2 = 1YV «lucmumym eeponmonoeii im. . @. Yebomapvosa HAMH Yxpainuy,
Kuis, Yxpaina

Beryn. locnimkeHi M'SCHI mamTeTH A 0310pOBYO-TPODIIAKTHYHOTO XapyyBaHHS 3
BUKOPHCTaHHSIM TPHOHOI CHPOBHMHHM Ta (PITOKOMIUIEKCY IIPOPOLICHUX 3€pEH 3JIaKOBUX
KYJIBTYD. HaBeneno  pesymbraTm  JOCHI/DKEHb  SKMPHOKHCIIOTHOTO CKJIany,
MepEeTPaBIIOBAHOCTI B CEPEOBHILI in VItro i KIIHIYHUX JOCIIKEHb OE3MEYHOCTI MaIITETIB.

Marepianun i meromm. J{OCHiDKCHHS >KHPHOKHUCIOTHOTO CKIAAY TOCIIKCHUX
MAINTETIB 3AIACHIOBAIM METOAOM Xpomarorpadii BHCOKOPO3AIMBHOI 3maTHOCTI. Jlis
IATBEpKEHHST HYTPIEHTHOI afeKBaTHOCTI peuentyp namtery «['pubGHOrO» i mamrery 3
¢itoxommiekcom «CHOICE» mociikeHo mepeTpaBioBaHiCTh B CepeqoBHIi in Vitro i3
3acTocyBaHHSIM Biiuactoi iH(by3opil Tetrahymena pyriformis B xamepi ®@ykc-Posenrains.
KuiHiuHi JOCTIKEHHS MAINTETIB 3 TPUOHOK CHPOBHHOKO MPOBOIMIM 3a YYaCTIO JIFOICH
JITHBOTO BIKY Y 3araJisHOTEparieBTUYHOMY BIJJIUICHHI KITiHIK.

PesyabraTn i o6rosopenns. Merogom xpomarorpadii BUCOKOPO3IUIbHOT 34aTHOCTI
BCTaHOBJICHO TPYIOBHH XHPHOKUCIOTHUN CKJa[ MAIITETiB 3 BUKOPUCTAHHSAM TIPUOHOT
CHPOBUHHM Ta (PITOKOMIUIEKCY MPOPOIIEHHX 3€PEH 37aKOBUX KYJIBTYp 1 BUSBJICHO, III0 BMICT
MOHOHEHACHYEHUX KHCIIOT B JJOCIIPKEHNX A TETaX CTAHOBUTH OM3bK0 35%, a HACMYEHNX
— ymaire 23% B ycix ITOCiKyBaHUX 3pa3kax. AHanizyrouu Bmict [THXKK, ciix BigmiTaTH iX
CTaOlIbHO BHCOKMI BMICT B YCiX YOTHPBOX PELENTYypax He3aJeKHO BiJ BHIY BHECEHHX
KoMIoHeHTiB. [Ipore penentypa 3 TpHOHOIO CHPOBHHOIO BiJpI3HSETHCS HAWBUIINM
saranbHuM BMmicToM TTHOXKK — 41,92% Ta oaHOYacHO HAMBHIUM BMICTOM €CEHI[AILHOI
JIHOJIEHOBOI KucaoTH — 1,55%.

Pe3ynbTaTe 0CTIKEHHSI 3aCBOOBAHOCTI B yMOBax iN Vitro cBimuars mpo Te, 110 marmreT
«['pubHHMit» Mae OiMpIIy BIZHOCHY O10JIOTIYHY ILIHHICTH i Kpamry 3acBOIOBAHICTb, SKIIO
MTOPIBHATH 3 KOHTPOJIIBHUM 3pa3koMm, Ha 3,5%, a mamret 3 ¢irokommiekcom «CHOICE» —
Ha 2,1%.

3a pesynbTaTaMu JOCITIJUKEHb BCTAaHOBJICHO €(DEKTHBHICTH 1 OE3MEYHICTh HaIlITeTy
«'pubHOTO» Ta 3’COBAaHO MOKJIMBICTH YCYHEHHS nedinuty Bitaminy B1, mpu BkHBaHHI.
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BucHoBkH. AHali3 pe3yibTaTiB JOCTIKEHb CBIIYUTH MPO HYTPIEHTHY aJIeKBaTHICTH
JOCTIUKEHUX TANITEeTIB 3 BHKOPHUCTAHHAM TPHOHOI CHPOBHHH Ta (ITOKOMIUIEKCY
MPOPOLICHHUX 3ePEeH 3JIAKOBUX KYIbTYP 03J0POBYO-TIPOMIIAKTHIHOTO XapIyBaHHIO

KarouoBi ciaoBa: wm'aco, nawmem, oicupHa KUCTIOMHA, POCIUHHA —CUPOBUHA,
nepempasiO8aHicmb.

®DopMyBaHHS AKOCTi Ta 6e3MeYHOCTi CyOnpoOIyKTOBHX KOBOAcC

Jlina bk, Haramis ITormosa
Hayionanvuuii ynieepcumem xapuosux mexuonocii, Kuis, Yxpaina

Beryn. ¥V crarTi mOCHiDKyeThCS THTaHHSA BUTOTOBIIIHHA SIKICHOI Ta Oe3medHoi
NpoXyKLii Ha M'ScONepepoOHUX MiANPHEMCTBAX Ha MPUKIALl CyONpOAYKTOBOi KOBOACH.
[TpoBeneHi mociifKeHHsI 3 METOI0 BCTAHOBJICHHS BIUIMBY CIIOCOOY MaKyBaHHs koBOac Ha
TEpMiH iX 30epiranHsi.

Martepianu i MeToau. JlociKeHHS MPOBOAMIIN Ha 3pa3kax KoBOacH CyOIpoayKTOBOI,
BUTOTOBJICHUX Y BUPOOHMUMX yMoBax. JlocmimxkyBanu pH koBOacu ta BMmicT Bosioru. PiBeHb
pH Oyno mociipkeHO NOTEHIIOMETPUYHUM METOAOM, METOJOM BHUCYLIYBaHHS OyJio
TOCITIKEHO BMICT BOJIOTH B KOBOACI.

Pe3yabTaTn i 00roBopeHHs. 3 BMiCTOM BOJH TiCHO ITOB’sI3aHA CTIHKICTh MPOIYKTY i
yac 30epiraHHA Ta WOTO TPAHCHOPTAOENBHICT, a TAaKOX MPHIATHICTH O MOAAIBIIOT
TepepoOKH, TOMY IO HAUIAIIOK BOJIOTH CIIpHSA€E Tepediry (pepMEeHTaTUBHHUX 1 XIMIYHHX
peaxIiif, akTUBI3y€e AisUTBHICTH MIKPOOPTaHi3MiB, B TOMY YHCII TaKHX, SKi MPU3BOIATH 10
TNICYBaHHS IPOJIYKTY, 30KpeMa HOTo TUTICHBIHHSA. Y 3B’53KY 3 I[MM BMICT BOJIOTH B ITPOJIYKTi
BH3HAYa€e YMOBH Ta CTPOKHU HOTO 30epiraHHs.

OnrtuManbHUM BMICTOM BOJIOTH y CyOIpOyKTOBIl KoBOaci BBaxaeTbest 52%. Ha Bmict
BOJIOTH y KOBOAci MOXYTh BIUIMBATH Pi3Hi (hakTOpH, HANpPHKIA? TeMIepaTypa Ta yMOBU
30epiraHHs, 00paHuii AJisi KOBOACHUX BUPOOIB THUIT NAKyBaHHS Ta TEPMiHHM i1 30epiraHHsl.

VY Xoni BHKOHAHHMX JOCJIMKCHb JaHU MOKA3HUK 3MIHIOBABCS TAKMM YHHOM: Y
KOHTPOJBHOMY 3pa3Ky He BUXOIWB 32 MEXi HOPMH, y CBIXKIH KoBOaci, O0e3 makyBaHHS Ha 6
700y 30epiraHHs MOKa3HUK 3MeHIMBCA 110 44% , y 3amopokeHiid — 1o 50. ¥ koBoaci, sika
30epiranach y MOJIICTHIEHOBOMY ITAKEeTi, MacoBa 4acTKa BOJIOTH 30iIpIImiack 10 55%, ay
KoBOaci B mepramenTi — 110 53%.

PpH € moka3HUKOM, SIKHIA CB1TYHTH PO CTYIIHB CBI)KOCTI KOBOACHUX BHPOOIB. 3HAYCHHS
AKTUBHOI KHCIIOTHOCTI BiZirpa€e BaXXIIUBY POJIb y TIpolieci 30epiranHs KOBOACHUX BHUPOOIB.
JIyXHICTP cepemoBHINA CBIAYUTH PO PO3BUTOK MIKPOOPTaHI3MIB 1 MOYATOK ICYBaHHSI
KoBOacH.

OnrumansHuM 3HaYeHHAM pH a5 cyOnpoykToBOi KOBOACH BBaXKaeThCs 6—7.

[Tpu anami3i gOCHiKyBaHNX 3pa3KiB OynM OTPHMaHi Taki pe3yabTaTH: CBiXKa KoBOaca
0e3 makyBaHHs (Ha 6 m00y mociimkeHHs) — 7, KoBOaca 3aMmopoxena — 6,5, koBbaca B
TIOJTIETHIICHOBOMY TakeTi — 7,5, koBOaca y nepramenri — 7,2.

BucnoBkun. Ha ¢opmyBaHHS sIKicHOTO Ta OE3MEYHOrO MPOAYKTY BIUIMBAIOTH TaKi
MIOKa3HUKH, sIK BMicT Bosioru Ta pH nponykry. IIpu 1ipoMy BaJIMBHUM € NMHUTaHHA Mig00py
SIKICHOTO ¥ e)eKTUBHOI'O MaKyBaHHs. 3TiJHO 3 IPOBEACHUMH JAOCII/DKEHHIMN HalKpaum
C1ocoO0OM NaKyBaHHS € MTaKyBaHHS B IEPTaMEHT.

Kuarouosi ciioBa: v sico, cuposuna, cyonpodykm, xosbaca, axkicmo, be3nexa.
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IMopiBHsIIbHA XapaKTEePHUCTHKA €K30MO0JIicaXapH/IiB eTanoJany Ta KCAHTaHy sIK
areHTiB [/ MiABUILEHHS] BTOPUHHOI0 HA(PTOBHI00YTKY

Mukona IBaxHiok, Tetsina [Tupor
Hayionanvuuii ynieepcumem xapuoeux mexuonoziu, Kuis, Yxpaina

Beryn. Merta fpociipkeHHS IoJisiraia y MopiBHSIHHI BAPTOCTI TIOKUBHUX CEPEIOBHIL IS
OTPUMaHHSI HEOOXiNHOi JUIi BTOPMHHOTO HAa(TOBHAOOYTKY KYyJbTYpaJIbHOI pPiIUHK
Acinetobacter sp. IMB B-7005 i mrtamis Xanthomonas campestris — npoy1ieHTiB KCaHTaHy.

Marepiann i meronu. Po3paxyHOK KUIBKOCTI KyJIbTypajlbHOI DIIMHU Ta BapTOCTI
MOKUBHUX CEPEAOBHUIN I OTPHMAHHS CK30MOJIicCaXapuaiB eTamnoyiaHy (TpOIyLEHT
Acinetobacter sp. IMB B-7005) ta kcanrtany (mpoayueHTH mramu Xanthomonas campestris)
SIK HAa(TOBHUTHCHIOBAJHHHUX areHTIB it 262 cBepmioBuH HBI'Y «Oxrtupkonadrorasy»
MIPOBOAMIIN 3 YpaxyBaHHSIM TakuX NapameTpiB: 4—pa3oBe 0OpOOJECHHS B PIK CBEPIIOBHH
pozunnoM EINC y kinbkocTi 15 M® Ta koruenTpariero 0,05%.

PesynabTaTnn i oGroBopeHHsi. Ha oCHOBI JaHWX MO KOHIICHTpAmii CHHTE30BAHUX
MoJicaxapuaiB IITaMaMU-TIPOAYIEHTaMH PO3PaXOBaHO piuHY MOTPedy KyJIbTYpalbHOI
pinuau (545-1849 M%) nns 06pobku cepantosun HBI'Y «OxTtupkoHadToras» i KilbKicTh
MPOAYKTY 3a IMKJI (pepMEHTAITii 3T THO 3 00PaHUMHU TEXHOJIOTISIMHU.

TeopeTn4Hi poO3paxyHKH IOKa3aJid, IO BHUTPAaTH Ha MPHUIOTYBaHHS MOXXHBHOTO
CepeloBHINA ISl OTPUMaHHS KyJbTypasibHOl piamau Acinetobacter sp. IMB B-7005 na
BiINIPAI[bOBAHIH MICIISI CMa)KEHHsI M’sica COHSIIHUKOBIH 01111, HEOOXiHOT IS MiABHICHHS
BTOPMHHOTO Ha(TOBMIOOYTKY Ha cBepasioBuHax «Oxrtupkanadtoras», B 1,8-5,4 pasa
MEHII, SIKIIO TMOPIBHATH 3 OTpUMaHHsAM etanojiany Ha C»-Cs cyOcTparax, Meisici 4M iX
CcyMiIi.

[TpoBeneHo MOpiBHAHHS BapTOCTI MOXKMBHUX CEPEIOBUI sl OTPUMAHHS €TaIOJaHy Ta
HaliBiloMimoro Tmojicaxapuay KCaHTaHy, OTPHMaHOTO Ha MeJsci abo TexXHIYHOMY
rIinepuHi. 3aTpaTé Ha OTPUMAaHHS TOJicaxapuay KCaHTaHY (B KUTBKOCTI, IO 3a0€3MCYUTh
BHIOOYTOK €KBIBaJICHTHOI BUKOPHCTAHHIO eTanoiiany HapTH) B 12,7 — 16,7 pa3a Buli, SKIIO
MOPIBHATH 3 OTPUMAHHSIM €TaroJaHy.

BucnoBok. OpepxaHi pe3ysibTaTH JIOBOISTH EKOHOMIYHY JIOLUIBHICT CHHTE3Y
eTanoliaHy Ha BiJNpalbOBaHIi oii JUIs BUKOPUCTAHHS IOJIiCaxXxapuly y BTOPHHHOMY
Ha(TOBHIOOYBaHHI NOPIBHSH 3 TEXHOJIOTISIMUA OTPUMaHHS KCaHTaHY.

Karwouosi caosa: Acinetobacter sp. IMB B-7005, Xanthomonas campestris,
ek3ononicaxapuo, KyJibmugyeanhs, nagpma.
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Mpouecu i o6nagHaHHA

Bnuine crynens noapioHeHHs! NPOAYKTY Ha Npouec CyNIiHHA TOHKOJUCIIEPCHOI NacTH
AiOKCHHY THTaHY

Bikrop Mapuescbkuid, SIpocnas I'poboBenko
Hayionanvuuii mexuiunuii ynigepcumem Yxpainu
"Kuiscoxuil norimexuiynuil incmumym imeni leopa Cikopcokozo"

Beryn. Merta nocmikeHHS TOJSATa€ y BU3HAYCHHI BIUIMBY CTYNEHS MOIAPiOHEHHS
MPOAYKTY Ha mporecH cyminHsg nactu TiO2 i mocynryBaHHS TOHKOJUCIIEPCHHUX YaCTHHOK
JIOKCHJTy TUTaHy 10 HU3bKOI 3anIKoBoi Bosorocti 0,3%.

Marepianan i metonu. [Iponecu cyurings i focynryBanHs TonkoaucnepcHoi nactu TiO;
y BUXPOBHX ITOTOKaX TEIUIOHOCIS 13 3aCTOCYBaHHSAM Oe3MepepBHOIO MOAPIOHEHHS BUXIAHOTO
MPOJXYKTY MPOBOAMINCS Yy KOHIYHOMY CYIIWJILHOMY amapati BUXPOBOTO THUILY, IO CKJIamy
SIKOTO BXOJHUTH CIHCIaNbHUA NPUCTPIH ISl TOAPIOHEHHS MNPOAYKTY — JHCIIEPraTop,
YKMBUJILHHUK-JI03aTOD 1 cenapaliiiia 30Ha.

Pe3yabraTn i odropopenHs. IlouaTkoBa BOJIOTICTh MACTH AIOKCHAY THTaHYy CKJIajaaia
50-55%. IIpomecu cymiHHS Ta JOCYIIYBaHHS MMACTH JIOKCHAY THTAaHY Y BUXPOBOMY HOTOIII
TETUIOHOCIS TIPH 3aCTOCYBAaHHI OPUTIHAIBHOI KOHCTPYKIIi CYIIMIBHOTO arapaTa 3 HOXKOBHM
JMCHIEPTaTOpOM 1 30HOI0 JOCYIIYyBAaHHS Marepiany BinOyBammcsi 10 HU3BKOI 3aJIMIIKOBOT
Bosiorocti npoaykty 0,3%. IIpu mpoMy TemiepaTypa TEIIOHOCISI Ha BXOJI B CYIIWIIBHY
kamepy craHosuna 120°C, a o6’emnui Butpatu — 50 M%/ron. V mnpoueci HOCIiKeHHS
ABTOMATHYHO 3aMIpsUIMCs 3HAYCHHsS TEMIEpaTypH 1 BOJOTOCTI TEIUIOHOCIS Ha BXOJI Ta
BUXOII 13 CyHmIMJIbHOI Kamepu Ta Opanucsi 3pa3kd IUCIEPCHUX YACTHHOK 13 30HH
noJipiOHeHHs1. EKCIIepUMEHTaIbHO BCTAHOBIICHI 3aJ@KHOCTI JUIS PO3PaxyHKY CTYHEHs
NOJIPIOHEHHS Z arjioMepaTiB MacTh JIOKCHUAY TUTaHy Ta OTpUMaHi 3Ha4eHHs KoedilieHTa
mIBKUAKOCTI cyurinus K, nactu giokcuay turany, mo craHosiats 0,17-2,5 m/c. Kpim mporo,
KiHEeTHKa IPOIECY CYIIiHHA IIOBHICTIO ONHWCYBajlla KPHUBY CYIIiHHSA. Tak, IMOYaTKOBHH
BOJIOTOBMICT nacTu cTanoBuB Uy = 1,17Kr, /KT, s Uy = 0,23KT; /KT, ¢ p., PIBHOBKHHMIH
Bosioropmict — U, = 0,003Kr,/Kr, .. Y nepuomy mepioai macta TiOy cymuiace mpu
TemnepaTypi Mokporo TepmMomMeTpa 37°C. OTpuMaHi ONTHMANBHI TEMIEPATYPHI PEKUMH
TEIUIOHOCIS JJIs CYIIIHHA MACTH IIOKCHIYy THTaHy, o ctaHoBisATh 90—120°C Ha BxOIi B
cymmisHy kKamepy ta 65-90°C Ha BUXO/I.

PesynbpraTom po3paxyHKy MaTeMaTHIHOT MOJIENI € CTYIIHB MOIPiOHEHHS, KU CKIIaIae
10-15 yMOBHUX OJTMHHUIIB.

BucHoBku. [lociikeHo KIHETHKY Ta crIocoOH iHTeHCHpiKamii mporeciB moapiOHeHHS,
CYIIIiHHA Ta OCYITyBaHHS aryiomepatiB macté TiOz i BCTAaHOBIEHO MapaMeTpH, HeoOXiaHi
JUISL IPOEKTYBAHHS TPOMUCIIOBHX CYIIMIbHUX aIlaparib.

Ku1i04uoBi ciioBa: nodpionenus, oucnepeamop, cywinus, nacma, OioKCuH mumany.
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BuzHaueHHs1 BTPAT eHeprii Ha po3MOAiIbYHX NPHCTPOSIX MHEBMATHYHOIO TPAHCIOPTY
M'SICHUX MPOAYKTIB

Cepriit becena, Irop JIutoBueHKO
HarmionansHuit yHiBEpCUTET XapuoBHX TeXHOJNOTIH, KuiB, Yikpaina

Beryn. IlpoBeneHi nocnimkeHHs pi3HMX BapiaHTIB 3'€HaHHS TPYyOONpPOBOIB IS
TPaHCIIOPTYBAaHHS Xap4OBUX MPOIYKTIB. MeTOI0 NOCIIIKEHHS € BU3HAUCHHS BTPAT €Heprii
3aJIe)KHO BiJl TEOMETPUYHHX [apaMeTpiB 3'€THAHHSL.

Marepiaan i metomu. Kommr'totepae MoiennoBaHHs 0yJI0 BAKOPUCTAHE SIK IHCTPYMEHT
nocmimpkenns. Komm'torepre mporpamue 3adesneueHHss CAE FlowVision 3niliCHIOETECS Ha
OCHOBI METOJy KiHIIEBUX €JIEMEHTIB JUIsl MPOTHO3yBaHHA PyXY B'I3KHMX PiAWH ITpU Iepenaii
THCKY TTOBITPS Ha BXO1 Ta BUXOJi 3 TEOMETPHUIHOI MOJIET.

Pe3yabsTaTn i 06roBopenns. Kom0Oinalis reoMeTpiHyHIX MapaMeTpiB TpyOOIpoOBOaiB
Ja€ 3MOTY BH3HAUHTH iX OMHIp pyXy MpOAYKTy Uil BHUOOPY ONTHMAJBHOTO METOIY
pO3Tay’KeHHS, a TAKOXX JJIsI OTPUMAaHHS MTOPIBHATIBHOI XapaKTEPUCTUKH JOKAIHLHOTO OTIOPY
3aJIeXKHO BiJ] KyTa IOBOPOTY. Y HAIIOMY BHIIAJIKy KyTH IIOBOPOTY € 3HAYHUMH: BapiaHT 2 —
45°, Bapiant 1 — 30°, Bapiant 4 — 22,5°, Bapiant 3 — 15°. B iHmoMy moto>KeHHI 3aCIiHKH,
KOJIM PYX NPOJYKTY € IPSIMUM, BTPATH €HEpPril MPaKTUYHO HE BiI0YBaIOTHCS.

HoBu3Ha BHKOPHUCTAHOTO METOJNY KOMITIOTEDHOTO MOJEIIOBAaHHS TIIOJISTAE Y
BU3HAYCHHI 3HA4YEeHb JUCHIIALi KIHETUYHOI eHeprii pyxoMmoro mnpoaykry. B xomxi
JIOCITIJKCHHST BHKOPHCTOBYBABCS METOJ Bisyamizamii — "i30:iHii", 110 Ja€ 3MOTy YiTKO
BU3HAYUTH MeXi rpajauii 3HadeHb. [Ipu oOuMciieHHI IO, WO 3aiiMae TOM 4M 1HIIMA
Jiarma3oH 3HaYCHb 130JiHIM pO3CiloBaHHA €Heprii, MOKHA MOPIBHATH iHTCHCHBHICTH BTPAT
€HEepTii, KO BIIHECTH iX JO 3arajibHOI IUIONII PO3TaNTyKeHHS. SIKIIO OLiHIOBAaTH 00JIACTb,
sika 0OMe)keHa 130JiHISIMA TIeBHOT iHTEHCHBHOCTI (haKTOpa, MOXKHA OTPHMATH IHTETPAIbHY
XapaKTepUCTHKY [ii MUHAMIYHHX MapaMeTpiB. 3HauHI o00nacTi, 0OMEXeHi BETUKUMHU
3HAUEHHSAMH JMCHIALi], TOKa3ylOTh [T0YaTOK TYpOYJIEHTHOCTI, 10 € OCHOBHUM IKEPEIIOM
BTpAT TPAHCIIOPTYIOYOro TUCKY. MaTemaTndHa 00poOKa KOXKHOI KPHUBOI A€ OITHC TOBEAIHKA
rpadiB Npu BUKOPUCTAHHI MHOTOWIEHIB TPETHOI'O CTYIICHS.

BucnoBku. Ilpu mnpoekTyBaHHI BapiaHTIB BCTaHOBJICHHS TPYOOIPOBOIIB MOXKHA
KOMOIHYBaTH NpsMi JUISTHKH, TPyOH, NepeMuKadi Tak, o0 MiHIMi3yBaTH BTpaTH THUCKY. 3a
pe3yibTataMM  JOCIHI/DKEHHS  JOLIJIBHO  BHMKOPHUCTOBYBAaTM CHMETPHYHI  BapiaHTH
po3raiy’keHHs Ta HEe3HauHi IMOBOPOTH TPYO HaBiTh y MPOCTUX 00JACTSX (3aJIeXKHO BiJ 1X
JIOBXKHUHU).

Katouosi ciioBa: m'sco, nnesmamuxa, mpancnopmyeanhs, muck, eHepeis.
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ABTOMaTH3aUifA

Cuenapii iHTe1eKTyaJbHOT0 HEYiTKOr0 aBTOMATH30BAHOI0 KepPYyBaHHSA
BHPOOHHMITBOM XJI1i0a

Bacuis Kumnensko?, Bopuc onuapenko?, Onekciit Jlo6ok?,
Bsuecnas Isamyx’, Mapuna Cuu?
1 — Hayionanvruil ynisepcumem xapuosux mexnonoziu, Kuis, Ykpaina
2 — Hayionanvhuii ynieepcumem Oiopecypcis i npupodokopucmysanus Ykpainu, Kuis

Beryn. IlpoBemeHO  JOCHIKEHHS 3aCTOCYBAaHHS —CIEHAPHOTO MIAXOLY IO
aBTOMaTH3alii KepyBaHHS IPOIECAMH BHITIYKH XJIIOHHX BHUPOOIB 3 METOIO ITiJBUIICHHSI
e(EeKTUBHOCTI BUPOOHUIITBA T MIOKPALMICHHS SKOCTI POTYKIIii.

Metoaun gociimkenHsi. MeToau AOCTIIKEHHS — aHANi3 XapaKTEPUCTHK 1 KPHUTEPiiB
o0OpaHOi mpoOyieMH, CKIaAaHHs SIKICHUX OLIHOK 1 IONEPeAHIX CLeHapiiB KepyBaHHS
MpoLeCaMy, OIIiHKa peasliCTUYHUX pillleHb (EKCIepTHa, epexpecHuil BB, Metoy Caari),
IpaBuJia Ta MOCTIJOBHICTh 1X 3aCTOCYBaHHS y HAaIlMCAaHHI y3arajbHEHHX CLEHApIiB.

Pe3yabTaTu i 06roBopennsi. B cTarTi po3risiHyTi OCHOBHI CKJIa/IOBI €Tany Ta oneparii
BUPOOHMIITBA X1i0a Ta pi3HI MOXJIMBI CXeMH iX peryioBanHs. Henomikom THIOBOT cxemu
ABTOMAaTHYHOTO PETYJIIOBaHHS BOJIOTOCTI Ha TICTOMICHJIBHUX amapartax HernepepBHoi il € ii
CIpSMYBaHHS Ha CTa0OUIBbHY SKicTh OoponrHa. Jig perymroBaHHS TPUBAIOCTI OPOIIHHS Macy
HamiBpaOpukaty B €eMHOCTI Ui OpomiHHA (piKCye 3Ba)KyBaJbHHH MEXaHI3M, a BHTPATY
BpaxoBye BuTparomip. Lli maHi omparpOBYIOTBCS 3a BigHoOBigHOKO (opmyrnoro. Ha erami
MEXaHIYHOTO OOpOOJCHHS TicTa HEOOXiTHO KOHTPOJIOBATH MAacy TICTOBOi 3arOTiBKH Ta
CTYHiHb 1i TOTOBHOCTI 10 BHIiKaHHS. KepoBaHWMHM mapameTpaMu € TemIepaTrypa Ta
BOJIOTICTb MOBITPS B IIa)i BUCTOIOBAHHS, a TAKOXK TPUBAJICTh BUCTOIOBAHHS.

Po3pobiieHo aBTOMaTH30BaHy CHCTEMY O0araTOLJIbOBOrO KepyBaHHS Ha OCHOBI
CICHAPHOIO IMIJAXOAy Ta IHTCJIEKTyaJbHHX TEXHOJOTIH 3 METOK  IiJBUIICHHS
MPOJYKTUBHOCTI, 3MEHIIEHHs] IMTOMHUX BTPAT i BUTPAT PECYPCIB NPH MiJABUIIEHHI SKOCTI
npoxaykuii. BuknaaeHa cyTh CHTyalifHOrO MiAXOAY 10 KEPYBaHHS TEXHOJOTIYHUMH
npolecaMu BHITiKaHHs XJ1i0a. 3anpononoBaHni abcrpaktHi (A-) Ta cTpykrypHi (C-) cuenapii
BHPOOHHMIITBA XJIi0a, SIKi MO’KHA BUKOPHCTATH IIPY BUKOHAHHI (PAKTOPHO-IIJIHOBOTO aHAII3Y
BHpOOHMITBA XJiba. C-clieHapiii geramizye A-CIieHapiid 3 ypaxyBaHHSIM €BOIIOLIT 00’ €KTa
IIpYU BUKOHAHHI Omeparlii i mepegadi 00’eKTiB BiJ OJHUX orepamniid mo iHmmx. KoxxeH kiac
C-cueHapiro Tpamioe aBTOHOMHO 1 B3a€MOJI€ 3 IHIIUMH KIacaMHd Ta 30BHIIIHIM
cepeloBUIIeM, MO0 BHECTH Y BXiJHI YeprH HOBI 00 €KTH Ta BUAAIHTH 3 BHUXiTHHUX Yepr
«BIIIPAIIbOBAHI».

BucHoBku. IlpoBenennii aHamiz craHy mNpoOjJeMH KepyBaHHS TEXHOJOTIYHUMH
IporiecaMy BUPOOHHIITBA XTi0a Ta HaBEIeH] MPUKIIAAN CIICHAPiiB KepyBaHHS.

Kuiio4uoBi ciioBa: x1i6, gunikaums, Kkepysamnis, MexHoL02is1, A8MoMamu3ayis.
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CucreMHuii aHaTi3 i miaXoau 10 MOOYA0BH ABTOMATH30BAHOI CHCTEMH KepyBaHHsI
€JIEKTPOCIOKUBAHHSAM Ta eJIeKTPONOCTAYaHHIM HiIMPHEMCTBA Xap40Boi
NMPOMHUCJIOBOCTI

Jlropmmra Kormmnosa, Cepreti bamrora, Oner Marienko
Hayionanvuuii ynieepcumem xapuoeux mexuonoeiu, Kuie, Yxpaina

Beryn. IlpoBemeHi mociiKeHHs Tpolecy KepyBaHHsS eJEKTPOCIOXKUBAHHSIM Ta
SJIEKTPONIOCTAaYaHHsIM ~ MiANpHeMcTBa Xap4yoBoi mpomucinoBocti (I[IXII) 3  meroro
Ii/IBUILIEHHS €(DEKTUBHOCTI NepeaBaHHs Ta BAKOPUCTAHHS EJIEKTPOPECYPCIB.

Marepiann i meroau. JlocmipkeHHsI BUKOHAHI HA OCHOBI METO/IiB CHCTEMHOTO aHaIIi3y
MIPOLIECIB KEPYBaHHS Ta Cy4acHOi TeOopil aBTOMaTHYHOI'O KEPYBaHHSI.

PesyabTaTn i oOroBopeHHsi. Bm3HadueHi OCHOBHI eTamy TIPOILECY KepyBaHHA
SJIEKTPOTIOCTAYaHHAM Ta €ICKTPOCIIOKUBAHHAM: 0a30Bi (PyHKIII KepyBaHHS — peecTparlis
cnoxuBaHHs enekTpudHoi eHeprii (EE), npornosysanns Butpar EE, po3paxyHOK HOpM
Butpar EE, mpoBeneHHs aHamizy peXHWMIB CHCTEMH €JIEKTPONOCTAYaHHS IiIIPHEMCTBA
(CEIl), moxasuukiB sikocti EE (IIFEE) ta magiitrocti CEII, dopmyBaHHS Mepemiky
cnoxuBauiB-peryistopis (CP); ymoBu 3abe3nedenust GyHKIi# kepyBaHHsS — iHpOpMAIlis
npo Burpatu EE, oOmexenHs @ Ttapudu, BHMOIM JO TOYHOCTI IPOTHO3Y
€JIEKTPOCIIOKUBAHHS; TPUUHATTS pIMIEHHS IMOJ0 3MiHM KoHGirypauii W onTuMizamii
pexumiB  CEIl; nopmanizauii ITSEE; opraHizaumiiiHO-TeXHIYHI MeXaHi3MH peaizamil
GyHKIIH KepyBaHHS — iH(GOPMaIiHHO-00YMCIIOBAJIBHUI KOMILIEKC, EHEProAHCIeTYep,
OIepaTop TEXHOJOTIYHOro MPOLECy, TOJOBHHN €HEepreTHk; 0a3za JaHUX aBTOMATH30BaHOI
CHCTEMH YNPaBIiHHS €HEPIeTUKOIO MiATPUEMCTBA, KA BUKOPHCTOBYETHCS AJISI MiJATOTOBKA
pilIeHs; 0a3oBi  iHpopmamifiHi  TOTOKHW,  sKIi  3a0e3MeYyroTh KepyBaHHS
eNleKTpocrokuBaHHAM. [IpencraBinena (yHKIIOHaIbHA cXeMa 1 c(hOpPMyJIIbOBaHI BUMOTH 10
OKpeMHX OJIOKiB KEpyBaHHS EJIEKTPOCHOXMBAaHHAM Ta elekTponocrayanusM [IXIT 3
BukopucTanHsiM CP. KepyBaHHSI eneKTpOCHOXHMBaHHAM Ta enekrpornoctadanHsM [1XII
peai3yeTsCsl 3 BAKOPUCTAHHAM ITJICHCTEMH MiATPUMKH HPUHHATTS PillieHb, 1[0 BPaXOBY€
B33a€EMHHUI1 3B’5130K TEXHOJIOTIUYHOTO MPOIIECY 1 MPOLIECY eNEKTPOCIIOKUBAHHSL.

BucnoBok. Po3poOka Ha OCHOBI METOMIB CHCTEMHOrO aHalli3y Ta CyMIiCHOCTI
3abe3neuye BUCOKY e(DeKTHBHICTh €HEPrOBUKOPHCTAHHS Ta €IEKTPOIIOCTAYaHHSI.

Knrouosi cJIOBA: enexmpoenepeis, Kepy6aHms, €/1eKMpPOCNONCUBAHHS,
€1eKmMpOnOCMAa4antsa, ai20pUmm.
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be3neka XUTTEQIANbHOCTI

YnockonajieHHs iHGopManiiiHO-KepyIOUY0i CHCTEeMH eHEePreTUYHOr0 rocoiapcTBa
XapYOBHX MiIPHEMCTB HA OCHOBI iHTe/IeKTyaJi3anii npouecy NpuiHATTS pilieHb

Aumnina Cipuk, Onpra €BTYIIEHKO
Hayionanvuuii ynieepcumem xapuosux mexuonocii, Kuis, Yxpaina

Beryn. ITokpamienns iHpopMamiHHO-yIIPaBIiHCHKO CHCTEMH CY9aCHUX HEPTeTHIHNX
HIIIPUEMCTB  XapyoBOI INPOMHUCIOBOCTI I[UIIXOM BIPOBAKEHHS MYJIbTHATCHTHUX
TEXHOJIOTiH, IO JAaroTh 3MOTY KEpPIiBHUKY EHEPTreTHIHOTO TOCIIOAapCcTBa e(PEKTHBHO
BUKOPHCTOBYBATH pi3HI HA0OPU MOAIH y paMKax BChOTO KOMIUIEKTY IPaBOBUX JOKYMEHTIB
JUTS TIiIBUIIICHHS PiBHS Oe3MeKa mparii.

Marepiann i meroau. JlocniyKkeHHs] IPOBOAMIIOCS Ha OCHOBI 3arajJbHOCHCTEMHOTO
MiIXOMy, 3aCHOBAaHOTO HA B3a€EMO3BSI3KY €JIEMEHTIB  IHTEJIEKTYaJIbHOIO  areHra,
iHpOpMaIiHOTO 00'€KTa, METOAY MATEMaTUYHOTO MOJICITIOBAHHSI.

Pe3yabTaTu i 06roBopenns. [Ipouec iHTenekTyanizawii NpONOHYETHCS POBOANUTH Ha
OCHOBI BIPOBa/DKCHHS MYJBTHATCHTHUX TEXHOJIOTIH, MIO JAacTh 3MOTY KEpiBHHUKY
SHEPreTUYHOT0 TOCHOAApCTBA S(PEKTHBHO BUKOPUCTOBYBATH PI3HI CYKYITHOCTI 3aXOIiB Y
paMKax 3arajJbHOi MHOXXHHH HOPMATHBHO-TIPABOBHX JOKYMCHTIB JJIS MiIBUILCHHS DIBHA
Oesmeku mpami. Kpim Toro, migBumieHO e(eKTHBHICTH (PYHKI[IOHYBaHHS iH(OpPMAIiHHO-
Kepy4oi CHCTEMH YNpaBIiHHSI OXOPOHOIO Ipali MiANPHEMCTB XapyoBOi IPOMHUCIOBOCTI,
110 3a0e3NeYNTh BU3HAYCHHS ONTHMAaJIBHOI CYKYITHOCTI 3aX0/IiB 3 OXOPOHH Ipari, a Le Iae
MOXIJIMBICTh JOCAITH MiABUIIEHHS piBHA Oe3mneku mpani. [loka3zaHo CKOpOuYeHHs 4acy Ha
BUpIIICHHS 3aBJaHb YNPAaBJIiHHS piBHeM Oe3leku mpaii y 3MiHHOMY iH(opMmauiiHOMY
cepesloBHIlll, OCOONMBO B IIepio]] MIKOBUX HaBaHTAXEHb y POOOTI EHEPreTHYHOTro
rOCIOJIAPCTBa IMiIPHEMCTB Xap4OBOi IMPOMHCIIOBOCTI. 3a pe3yJbTaTaMHd MaTeMaTHYHOTO
MOJICIIFOBaHHSI Ha OCHOBI BMKOPHCTaHHS MYJBTHAreHTHHX TEXHOJIOTIH B iH(popMmaliiiHo-
KepyrodJiil cucTeMi ympaBiIiHHS OXOPOHOI TpaIli JOCATHYTO IiIBHIICHHS PiBHSA Oe3mexu
TpaLli B eHePreTHIHOMY TOCTIOAAPCTBI MIATIPHEMCTB Xap40BOI MPOMHUCIOBOCTI Ha 12—18%.

BucHoBkn. OCHOBHI pe3ynbTaTh AOCTIPKEHb PEKOMEHAYETHCS BUKOPUCTOBYBATH Ha
HIIIPUEMCTBAX XapuoBOi NMPOMHUCIOBOCTI JUISl 3HIDKCHHS PH3MKY HACTaHHS MO3aLITATHOI
cHUTYyalii B eHepreTHIHOMY FOCIIOaPCTBI MiANPHUEMCTB XapuoBOi MPOMHCIOBOCTI O PIBHS,
IO BiJIIOBiZa€ IPUIHHATHOMY PH3HKY, 38 PAXYHOK BHOOPY ONITHMAJIBHOI CYKYITHOCTI 3aX0/IiB
3abe3nedeHHs 0e3neKH nparii.

KuiiouoBi cioBa: npays, inmenrexmyanizayis, 6e3nexa.
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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).
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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 ny0uikye opuriHanbHi HayKOBi CTaTTi, KOPOTKi
TTOBITOMJICHHS, OTJISZIOBI CTATTi, HOBHHHU Ta OTJISAIH JIITEPaTypH.

Temaruka myGuikaniii B8 UKrainian Journal of Food Science:

XapuoBa iHKeHepis Hanorexnomorii

XapuoBa XiMmist [pouecu Ta obyagHaHHSA

Mikpobiosnoris ExoHomika Ta ynpaBiiHHS

BrnactuBoCTi XapuoBHX MPOIYKTIB ABTOMaTH3allisl NPOLECiB

SIkicTh Ta Oe3reKa Xap4oBUX MPOIYKTIB YrakoBKa JUIsi XapuoBHX MPOJYKTIB
310poB'st

IepionuuHicTh :KypHaIXy 2 HOMEPH Ha PiK (YepBEHB, TPYICHD).

Pesynbratu mociimkeHb, MpeACTaBICHI B )KypHAlli, TOBUHHI OyTH HOBUMH, MaTH 3B'SI30K
3 XapyoBOK HAyKOK 1 MPEACTAaBIATH IHTEpeC [UIi MDKHApOJHOTO HayKOBOTO
CIIIBTOBAPHCTBA.

Ukrainian Journal of Food Science inaekcyerbcst HAyKOMETPHYHUME Oa3aMu:

EBSCO (2013)

Google Scholar (2013)

Index Copernicus (2014)

Universal Impact Factor (2014)

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

FSTA (Food Science and Technology Abstracts) (2018)

Ukrainian Journal of Food Science BkitoueHo y nepesik HayKoBUX (paXxOBUX BUIAAHb
VYKpaiHU 3 TEXHIYHHX HAyK, B SIKOMY MOXYTb ITyOJIiIKyBaTUCS Pe3y/IbTaTH AUCEPTaLiifHUX
po0iT Ha 3700yTTsI HAyKOBUX CTYIEHIB J0oKTOpa i Kanauaata Hayk (Hakxa3 MinicrepcTBa
ocBiTu i Hayku Ykpainu Ne 793 Big 04.07.2014)

Peunensist pywkomucy crarri. HaykoBi crarTti, mpenctaBieHi g myOmikamii B
«Ukrainian Journal of Food Science» mpoxo/siTe «mOjBifiHE CITille pEIEH3yBaHHS
(pelieH3eHT He 3Ha€, YUIO CTATTIO PEICH3YE, 1, BIAMOBIHO, aBTOP HE 3HAE PEIIEH3EHTa) TBOMA
BYCHUMH, TPU3HAYCHUMHU PEAKIIHHOK KOJETri€l0: OJIMH € WICHOM PEIKOJerii, iHIMuHA —
HE3aJIeXKHUI ydeHU .

ABTOpPCbKe NPaBo. ABTOpHU CTaTeil rapaHTyrTh, IO POOOTa HE € TOPYIICHHSIM OY/ib-
SIKUX 1CHYIOYHMX aBTOPCHKUX IMPAaB, 1 BI/IIKOOBYIOTh BHJIABINIO MOPYIIECHHS JAHOT rapaHTii.
Ony6nikoBaHi MaTepianu € npaBoBor BiacHicTio Buaasipst «UKrainian Journal of Food
Sciencey, sIKIO He y3roJKEHO iHIIIE.

IMoaituka akagemiunoi eruxm. Penaxuis «UKrainian Journal of Food Science»
KOPHUCTYEThCS TPaBHIIaAMU aKajeMiuHOi eTukH, BuKiagaeHumu B mpari Miguel Roig (2003,
2006) "Avoiding plagiarism, self-plagiarism, and other questionable writing practices. A
guide to ethical writing”. Pemakmisi TPOTOHYE aBTOpaMm, pEHEH3ECHTAM 1 YHTAYaM
JOTPUMYBATHCS BUMOT, BHUKJIAJCHAX Yy IbOMY MOCIOHHKY, MO0 YHHKHYTH TIOMHJIOK B
o OpMIICHHI HAYKOBHX IPAIlb.
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PepakuyiiHa koneris

I'osioBHMIL pepakTOp:

AHartoJjiii Ykpaineub, 1-p. TexH. HayK, npod., Hayionanvhuil ynisepcumem xapioeux mexHonozitl,
Vkpaina

YjieHu pegaxkuiiiHoi KoJierii:

Anexcanap IBanoB, 1-p. TexH. HayK, mpod., MOrHIbOBCBKHH AepXKaBHHH yHIBEpCHUTET
IIPOJIOBOJIECTBA, Pecnybimika benapycs

AmnaroJiii CaiiraHoB, I-p. €KOH. Hayk, mpod., [Hcmumym cucmemuux oocnioxcenv ¢ AIIK HAH
benapyci

Amnzkeii KoBaabceki, o-p, mpod., [mcmumym acpaproi ma xapyo60i eKOHOMIKU — HOYIOHANbHULL
Odocnionuil incmumym, Ionvwya

AHToHena JlopoxoBuY, O-p. TeXH. HayK, npod., HayionareHuil yHisepcumem xapuo8ux mexHoaoeit,
Vkpaina

lammaa Cimaxina, 1-p. TexH. Hayk, npod., Hayionanenuil yHieepcumem Xapio8ux MmMexHONo2il,
Vkpaina

3anpsina [lenkoBa, 1-p, npog., Yuisepcumem xapuoeux mexnonozii, m. [lnogous, boneapis

IBan Manexuk, I-p. TeXH. HayK, pod., Hayionanvhuil yHieepcumem xapuosux mexnonozii, Ykpaina
JliBiy I"'auey, 1-p, npod., Tpancinveancokuii ynisepcumem bpawosa, Pymynis

MuxkoJsia CuyeBCbhKHid, I-p. €KOH. HAYK, IPOQ., [Hcmumym npooogonvuux pecypcie HAAH Yxpainu
Mapk lamMusin, xaHa. TexH. HaykK, nou., Cauxm-IlemepOyp3vKuil O0epiCcasHull MexHON02iYHUL
incmumym, Pocis

Ouaexcanap CepboriH, 1-p.TexH. HayK, npod., HayionarvHuil yHigepcumem Xapuo8ux mexHorio2il,
Vkpaina

Ouexcannp lleBuenko, 1-p.TexH. HayK, pod., Hayionanvruil ynigepcumem xapio8ux mexHo102il,
Vkpaina

Ouena I'paGoBchbKa, A-p. TeXH. Hayk, npod., Hayionanshuil yrigepcumem xapuosux mexHono2il,
Vkpaina

Cranka [lamsinoBa, 1-p, Pycercokuil ynigepcumem, ¢hinis 6 m. Pazepad, Boneapis

Tersina [upor, n-p. 6ion. Hayk, npod., HayionanvHuil yHieepcumem xapyosux mexnono2il, Yxpaina
Ounekciii I'ybens (BiImoBinanebHUA cekpeTap), KaHA. TeXH. HAYK, OWU., Hayionanvruil yHigepcumem
xapuoeux mexnonoei, Ykpaina.
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Instructions for Authors

Bumoru 10 opopmiieHHs cTaTei

Moga cTaTTi — aHIITIHCHKA.

PexomenmoBanuit o6csar crarti — 8-15 cropinok (i ormsmoBux crareir — 20-30
cTopiHoK) popmary A4,

CraTTs BUKOHYETRCS B pexakTopi Microsoft Word 2003 B popmari *.doc.

Jst Beix (!) enementis crarti mpudt — Times New Roman, kerns — 14, inrepsan — 1,
abzam— 1 cm.

CTpyKTypa cTarTi:
1. Ha3Ba crarTi.
2. ABtopu crarri (iM’st Ta Tipi3BHILE MOBHICTIO, pUKiIaa: Jenuc O3epsHKo).
3. Yemanosa, 6 sxiti euxonana poboma.
4. Anoranis. PexomenmoBaHuii 0o0csar aHoTamii — IiB CTOPIHKH. AHOTaIlisl TOBHHHA
BIJIMOBiIATH CTPYKTYpIi CTATTi Ta MicTUTH po3aiian Beryn (2-3 psiaxu), Marepianu i MeTou
(mo 5 psaxiB), PesynbraTu Ta 06roBopeHHs (miB cropinku), BucHoBku (2—3 psaakn).
5. Kitrouosi ciioBa, 3—5 ciiB, aje He cioBocnonyueHs (1).
HynkTu 1-5 BUKOHATH aHIIiCBKOI0 | yKpaiHCHK0I0 MOBaMH.

6. OcHOBHHIA TEKCT cTaTTi. Mae BKIIFOYaTH Taki 000B’I3KOB1 PO3ILIH:

—  Beryn

—  Marepianu ta MeToau

—  PesynbraTu T2 00rOBOpeHHs

—  BuchHoBku

—  Jlitepatypa.
3a HeoOXiJHOCTI MOXKHA JI0IaBaTH 1HIII PO3ALIM Ta PO30MBATH IX Ha MiPO3ILIH.
7. ABtopcrka nosinka ([Ipi3Buie, iM’s Ta IO 0ATHKOBI, BUCHUH CTYIIHb Ta 3BaHH:I, MicIle
poboTH, eleKTpoHHa ajpeca abo TenedoH).
8. KoHTakTHI maHi aBTOpa, 10 SIKOTO 32 HEOOXiMHOCTI Oye 3BepTATUCh PENaKIlis KypHATY
(Tenedon Ta enexkTpoHHA ampeca).

Po3mip TekcTy Ha pHCyHKax NOBHHEH OyTH cniBpo3MipHuUM (!) OCHOBHOMY TEKCTY
crarTi. CkaHOBaHI pUCYHKH HE MPUHMAIOTHCS.

®ow rpadikis, piarpam — nuiie 6inuit (1). Komip enemenTiB pucyHky (JiHii, ciTka, TEKCT)
— JIMIIIe YOpHUH (He cipuil).

Opurinanu pucyHKiB ((aiinu rpadiyHAX pegakTopiB), a Takox ¢aitmu popmary EXCEL
3 rpagikaMu 000BS3KOBO MMOJIAIOTHCS B OKPEMUX (haiiiax.

dotorpadii Ta KOJIILOPOBI 300pakeHHs OakaHO HE BUKOPHCTOBYBATH.

CkopodueHi Ha3BH (I3WYHMX BEIMYMH B TEKCTI Ta Ha Tpadikax IMTO3HAYAIOTHCS
JIATUHCHKUMMU JIiTepamMu BiamosigHo 10 cuctemu CI.

B crmcky mitepaTypu MOBHHHI ITepeBaXkaTH CTATTi Ta MOHOTpadii iHO3eMHUX aBTOPIB,
sxi omy6mikoBani micis 2000 poky.

JertanpHi iHCTPYKIii A1 aBTOPIiB PO3MIIIEHI Ha CalTi

http://ukrfoodscience.ho.ua

CTarTsl HAACHJIAETHCS 32 €JIEKTPOHHOIO A/IPECOI0:
ukrfoodscience@meta.ua
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Instructions for Authors

OcopMneHHs CnUCKY JliTtepaTypm

ITocuiaHHs HA CTATTIO

AsTopu (pixk Buganus), Hassa crarri, Hazea scypuany (Kypcueom), ToM (Homep),
CTOPiHKH.
Bci enemenTy micins poKy BUZAHHS PO3AUIIIOTHCS KOMAMM.

Ipuxnanm:

1. 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.

2. Carlo Tocchi, Ermanno Federici, Laura Fidati, Rodolfo Manzi, Vittorio Vincigurerra,
Maurizio Petruccioli (2012), Aerobic 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.

Ipuxaan ogpopMiaeHHs CTATTi, OPUTiHAT AKOI YKPaiHCHKOI0 MOBOIO:

1. 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 nicis mpanciimeposanoi nazeu cmammi abo scypuany 6 {gicypnux
OYIACKAX MOJCHA 0amuU NEPEKIAO AH2NIUCHKOI0 MOBOIO}.

IHocniiaHHS HA KHUTY

ABtopu (pik), Hazea knuzu (kypcusom), Bunauuurso, Micro.
Bci eneMeHTH MiCIs pOKY BUAAHHS PO3AUISIOTHCS KOMaMH.

Hpuxknagm:

1. Harris L. (1991), Money theory, McGraw-Hill Companies, Hardcover
2. Rob Steele (2004), Understanding and measuring the shelf-life of food, CRC Press.

Hpuxaan odopmiieHHs cTaTTi, opuriHaa sikoi ykpaiHcbKol0 a6o pociiicbkolo
MOBOI0:

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 bascanna nicia mpanciimepogaHoi Ha368u KHU2U 8 {QicypHux OYIHCKaAxX MOANCHA Oamu
nepexia0 aHenilicbKomw M0O80I0}.
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IMocunaHHs HA eJIEKTPOHHMI pecypc

BuKOHY€eThCS aHATIOTIYHO MOCHIAHHIO Ha KHUTY abo ctarTio. [licist ohopmiieHHs
JaHUX Tpo myOuTiKalito MUIIyThCs ciioBa available at: ta Bkasyerbes enekTpoHHa aapeca.

HpI/IKHaL[ [MOCHJIAHHS Ha CTATTIO 13 CJICKTPOHHOT'O BUJJAHHA:

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/JUKRAINIAN%20FOOD%20JOURNAL%202013%20V.2%20
Is.2.pdf

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