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Introduction. In this study, physical, chemical and
microbiological properties of lakerda made by different
fishery shops and homemakers were examined.

Materials and methods. The quality control of lakerda
were carried out by the analyses of salt content, TVB-N,
TBARs, pH value, water activity (Aw), total mesophilic
(TMB) and total psychotropic (TPB) bacterial count, total
coliform (TC) and total mold and yeast (TMY) count.

Results and discussion. The salt content in tissue
ranged from 11.96 to 14.59, and Aw value of all the groups
were found significantly different (p<0.05). There is a
strong correlation between salt intake and water activity in
tissue. A, C and E groups had lower water activity and
higher salt contents (p <0.05).The TVB-N values ranged
from 20.01 mg/100g to 34.14 mg/100g and the highest
TVB-N value were found for lakerda made by fishery shop,
which contained the minimum salt amount and maximum
Aw value. TBARs values were found for A, B, C, D, E
groups 19.54, 15.78, 17.58, 19.52 and 6.84 mg MDA/kg,
respectively. The lowest TBARs values were found in
homemade lakerda used thick salt. This group was found
better quality also point of the other examined criteria. The
lowest total mesophilic bacteria load was identified in group
D; groups A, B, C and E were found similar.
Microbiological results between the groups were
significantly different (p<0.05), however all the groups
were found consumable due to the microbiological quality.

Conclusion. Differences in salting technics (salt type,
salting method, hygiene, removal of blood, storage
temperature etc.) affected significantly the quality of
lakerda.

6
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Introduction

Bonito have a short hunting season in Sinop - Black Sea region, which is not only
garnishing almost every fishery shop and countless family’s meal but also never cause to
forget the taste throughout the year. Salting fish and fish products is a traditional preserving
method. Many consumers appreciate the special flavor and texture characteristics of
desalted fish products. Salting is not only a method to prolong the shelf life, but also a
method to produce fish products meeting the demands of selective consumers [1].

Lakerda is produced by dry salting from bonito. Bonitos and big bonitos are cleaned
with tap water and then they are soaked in salted water to remove blood in fish meat. The
fish are cut into three finger thick slices. The slices are salted with thick granular salt and
placed in a jar. During the ripening period, the salt solution covers the lakerda slices [2].
Although some important points are need to be considered producing lakerda, every
producer continues the traditions that their known and accustomed ways. The production
type of lakerda and application differences related with storage stages causes different
flavor and quality of the product. Lakerda priced per slice, relatively high price are sold by
buyers particularly outside the bonito season. Therefore, it is important the quality of the
lakerda.

Most studies have been published on the chemical microbiological changes which take
place during storage period of salted fish, such as cod [1, 3, 4], anchovy [5-7], sardines [8],
rainbow trout [9, 10] and bonito [2, 11, 12].

This study was aimed to determine the effects of different applications on sensory,
chemical and microbiological quality of lakerda prepared and stored by different producers.

Materials and methods

Materials. Lakerda was obtained from three different local fish vendor and two
different homemakers from Sinop in May. The knowledge about lakerda types (Figure 1)
were described below:

Group A: The lakerda was made when the fish were caught in October. After the fish
were cleaned up and slice, soaked in salted water for the removal of dirt and the blood 1 to
2 times a day in total. Then, the both sides of slices were pressed to thin salt and firmly
lined to the plastic jars. After a couple days, when completed the outlet of the water from
the fish slices, the rest of jars were filled with brine and kept under the stone.

Group B: The lakerda was made when the fish were caught in November. After the
slices were soaked in salted water in 1 day at room temperature, firmly were lined as one
row salt — one row fish slices. Then, the jar was filled with the extra brine and kept in cold
storage by the fisherman.

Group C: The lakerda was made when the fish were caught in October. Thick salt
has been preferred. These groups’ difference than the other two groups, pre-cleaning
(retention in salted water) did not applied and slices directly were lined as one row salt —
one row fish slice. After the last row, a stone was placed on the fish slices to remove water
out of the fish. As the last stage, the brine in the jar was filled with extra salted water. The
product was kept in the shop.

Home Style 1 (Group D): The bonitos were bought freshly from fisheries
cooperatives in October. The fish slices were cleaned and marrow of bonito was removed
with the help of a wire. After washing with water in abundance, the bonito slices were
salted for two days — two nights. The water outlet from fish had distracted with the help of
the inclined tray and after end of the time, the remained salt on the slice surface had been
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removed by using a brush. Then, the slices were lined to jar and filled with the olive oil and
sunflower oil. The jar was kept in the balcony during the winter season.

Home Style 2 (Group E): The fish caught in October, was sliced (3-4 finger
thickness), cleaned up and marrow of bonito was removed with the help of a wire. Fish
slices were allowed standing in salted water until the blood completely out of tissue,
meanwhile water changed frequently. This process could take from morning to evening.
After leaking process, the slices were salted with thick salt in abundance. Then, little bit salt
was sprinkled on the bottom of the jar and each slices rowed as one line slices — one line
salt until the last row had been the salt line. When started seeing of the little outlet of water,
a stone wrapped in cloth was put on the top line. Lakerda was stored at normal room
temperature.

Group A Group B Group C

Group D Group E
(Home Style 1) (Home Style 2)

Figure 1. Lakerda groups

Methods. Analyses were made with 3 parallels. TVB-N analysis was carried out
according to Liicke-Geidel method modified by Antonacopoulus [13], the TBARs analysis
was made according to Erkan et al. [14]. Mesophilic, psychotropic, coliform bacteria and
yeast - mold loads have been identified according to Halkman [15]. The water activity of
the samples was measured with automatic water activity machine (Novasina AG, Lachen
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Switzerland). pH measurements were carried out on samples homogenized diluted the ratio
of 1:10 with distilled water [16]. Salt analysis was made according to the method which is
recommended by the FAO for salted fish [17].

Anova was used to search for significant differences between mean values of the
different results (Minitab 17 Release). Differences between means were analyzed by one-
way analysis of variance (Anova) followed by Tukey test. The results are presented as
means£Se.

Results and discussion

The chemical analysis results obtained in this study are given in Figure 2. The
maximum salt concentration were found in Group E and A (p>0.05). The lakerda were
analyzed 7 months later its produced and the lowest amount of salt were found with 11.96%
in group B, but only the water activity of this group found higher than in the other groups (p
<0.05). In the same way, it was followed by group D with the 12.76% salt content and 0.79
water activity.

Therefore, there is a strong correlation between salt intake and water activity in tissue.
A, C and E groups had lower water activity and higher salt contents (p <0.05). Also Mol et
al. [18] determined that the lower salt content due to the higher level to water activity (aw)
in the tissue. That causes not only risk of the increasing the pathogenic bacteria as
Salmonella spp., but also increasing the other food-borne pathogens. pH levels in group C
and D was found lower than the other groups (p <0.05) and the maximum pH were found in
Group B (5.21).

The TVB-N value of fish products are classified as 25 mg/100g and below is very
good; 25 to 30 mg/100g is good; between 30-35 mg/100g is marketable and above 35
mg/100g is degraded [19]. According to this classification, the TVB-N values of group B
increased up to the limit of marketable. The TVB-N values of groups A and D were found
“very good’’ quality, while the TVB-N values of C and E groups were similar and can be
interpreted as “’good’’ quality.

On the lower TVB-N value can be effective factors such as the freshness status of fish,
retention duration in salted water and storage conditions. When there is a higher salt rate in
the tissue, better quality and long-lasting product have been identified. In this study, the
lowest amount of salt (11.96%) was found in the B group with the highest TVB-N value
(34.14 mg/100g).

Turan et al. [11] indicated that, the initial TVB-N value of lakerda stored at 4+1C° for
6 months were 11.21 mg/100g and at the end of this period, the final values of TVB-N were
27.67 mg/100g.

TBARSs analysis is a good criteria for determining of the quality of lakerda. According
to Varlik et al. [19], TBARs analysis has an important role for determining of the fish
quality and, for the raw fish should not exceeded the amount of 8 mg MDA/kg. TBARs
values were found for A, B, C, D, E groups 19.54, 15.78, 17.58, 19.52 and 6.84 mg
MDA/kg, respectively. According to the TBARs results, except the E group, all groups
exceeded the limit value. The factors causing high oxidation detected on the other groups,
can be contacting with air of fish, using inappropriate kinds of salt, leaking process, poor
storage conditions (heat, light, i.e.) and using some kind of oils as an additive to brine.
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Figure 2. The chemical analysis results of Lakerda
a, b, ¢, d: Values with different superscript letters are significantly different (p<0.05).
Values are shown as mean+standard error.
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The lakerda produced in different ways, in terms of the total mesophilic bacteria, total
psychotropic bacteria, coliform bacteria and yeast — molds were found within the
consumable limits (Table 1). In terms of total mesophilic bacteria, the lowest load was
identified in group D; groups A, B, C and E were found similar. When examining the
results of the total psychotropic bacteria; A, C, and D groups had the lowest microorganism
count and did not statistically different (p<0.05). According to the results of total coliform
bacteria, the lowest microbial load was observed in group D. However, the lowest yeast and
mold results were determined in group E. Also as seeing in Table I, microbial load of
group B was found more than the others. The reason of this may be have higher water
activity (aw) and less amount of salt (%) of group B. In addition, this may be caused by
lakerda producing and storage conditions completely different and independent with each
other. Koral et al. [20] determined that the main factor of microbiological growing is not
directly related with safety parameters such as producing and storage conditions,
transportation of the product etc., the most important cause is due to the initial
microbiological load of raw fish have been detected . According to Erkan et al. [12],
lakerda vacuum packaged and stored at 4+1°Cis the provide microbiologically better
results, preserved in brine began to deteriorate at the end of 9 weeks and storing in the oil
tolerate longer shelf life about two to three weeks.

Table 1
Microbiological characteristics of Lakerda
TBC (Log/CFU) | Group A Group B | Group C Group D Group E
TMB 3.36+0.02° | 3.48+0.05" | 3.27+0.01* | 2.90+0.10° | 3.45+0.06
TPB 2.26£0.30* | 3.46£0.07° | 2.35£0.09° | 3.11+0.15%® | 3.28+0.12"
TCB 2.76£0.10* | 3.20+0.06" | 3.03£0.07* | 1.96£0.00° | 2.50+0.06°
T™MY 3.16+0.03* | 3.88+0.03" | 3.24+0.02 | 3.02+0.02° | 2.73+0.07°

* TBC: Total Bacteria Count, TMP: Total Mesophilic Bacteria, TPB: Total Psychotropic
Bacteria, TCB: Total Coliform Bacteria, TMY: Total Mold-Yeast

* — a, b, ¢, d: Within the row, values with different superscript letters are significantly
different (p<0.05).

* Values are shown as meanztstandard error.

Conclusion

The quality of lakerda depends on many factors like freshness of raw materials, salting
method, salt type, salt ratio, cleaning, and storage conditions. Considering this situation,
unfortunately we can say easily that in the fish market the poor quality lakerda are selling.
Considering all of the parameters examined in this study, lakerda produced according to the
home style or traditional style (group E) was found to be best consumable quality.
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Introduction. The aim of this work was to determine the
polysaccharides composition such non-traditional plant materials as
Salsify and Yacon and enrichment of food with selected raw
materials.

Materials and methods. Determined content of polysaccharides
in the roots of the Yacon and Scorzonera rhizomes, purees and
powders from them by known methods. The content of pectin
substances recognized by the gravimetric method, inulin content by
the method of Bertrand. Determination of the mass fraction of
cellulose based on the decomposition of all other organic compounds
concentrated nitric acid in a mixture of acetic and trichloracetic acids.

Results and discussion. Scorzonera hispanica and Yacén -
valuable enough root vegetables for their nutritional and biological
properties. In our researches used Yacon variety Udine, of about 20
cm length, diameter 10 cm, dry substances — 16% and the content of
inulin 7 %, fructose 5 %, cellulose 0.6 %. Scorzonera rhizomes are
used with dry substances — 15 %, the content of inulin 5.7 %, pectin
0.9 %, and cellulose 0.8 %.

As in purees and powders of analyzed raw materials the general
trend of the high content of inulin, for Yacon (41.5 — 42.3 % on dry
substances) and Scorzonera (37 — 38.2 % on dry substances) and
cellulose for Yacon (2.8 - 3.4 % on dry substances) and (3.1 —3.7 %
for Scorzonera on dry substances), is kept. This proves the
feasibility to using of processed products to the Yacon and
Scorzonera as functional supplements in the technology of wellness
products. At the same time, the results showed the complexity of
implementing functional enrichment of certain food products by
making the puree recipe, because it contains only 15 to 18% dry
substances, and 6.3 to 7.5 % inulin accordingly, and 0.7 to 1.2 %
cellulose. Therefore, in most food technologies, the use of puree in
the less amount of than 15% by weight of the product do not give
reason to expect functional enrich effect. The use of selected raw
materials powder for food products can significantly improve the
content of dietary fiber, because powder as Scorzonera, as Yacon
with a high content of dry substances (89 - 90%) contains a
significant amount of polysaccharides.

Possibility of Yacon and Scorzonera powder using for the ice
cream of healthy destination obtaining was examined. The best dose
to make creamy ice cream functional fortificant are 3-4% powder of
Scorzonera or Yacon.

Conclusions. As Scorzonera hispanica as Yacén contain
significant amounts of polysaccharides, in particular inulin which has
a prebiotic properties, and makes them a valuable raw material for use
in the field of healthy nutrition.
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Introduction

Recent studies have shown that in the whole world there is a deficit of
polysaccharides, which leads to the development of various diseases, such as
cardiovascular, gastrointestinal tract, diabetes mellitus. This is due to the lack of food
consumption rich in polysaccharides - raw vegetables and fruits; excessive content in food,
refined foods, almost deprived of cell membranes (sugar, rice, flour).

The majority of nutritionists believe that the ration should contain at least 30-40 grams
of dietary fiber, while the average person consumes about 13 grams, so a deficiency of
these nutrients is about 15-20 grams a day.

Of great interest in theoretical and practical terms, is studying the possibility of using non-
traditional supplements rich in polysaccharides. One of the most important polysaccharides that
have prebiotic properties is inulin. Sources of inulin have such plant material as the Jerusalem
artichoke (Helianthus tuberosus), Yacon (Polymnia sonchifolia), Dandelion (Taraxacum
officinale), Burdock (Arctium lappa), Chicory (Cichorium intybus), Salsify or Kozelets
(Scorzonera hispanica), and Dahlia (Dahlia pinnata) [1-13].

Nutritionists and endocrinologists are increasingly paying their attention to such inulin
rich plant as Yacon. It is uncommon for Europe and little-studied vegetable. The root tubers
of Yacon contain up to 60% of inulin in terms of dry substance. Fresh tubers to Yacon after
harvesting and curing for several days on the sun with the purpose of accumulation of
sugars may contain about 19% hydrolyzed to fructose inulin [7-14].

In addition, Yacon in large quantities contains such valuable macro - and
micronutrients, as potassium, calcium, sodium, phosphorus, iron, copper, zinc and vitamins
C, E, By, B, and By;. The composition of the root tubers are all noncontiguous amino acid.
Content of noncontiguous amino acid in Yacon protein is considerably larger than the
protein of wheat, corn, soybean [2, 7, 10, 14, 15, 16, 17].

Today Yacén introduced in the United States, New Zealand, southern Europe, Iran,
Japan, Uzbekistan and Moldova.

In the analysis of fresh root tubers from plants to Yacén grown in the region of natural
origin, American researchers have found content 69-83 % water, 0.4 to 2.2% protein and 20
% sugar. Dried root tubers contain 6-7 % protein, 0.4 to 1.3% of fats, 4-6% cellulose and
about 65% of sugars. Yacon leaves contain flavonoids, sesquiterpenoid and other
substances that are characterized by antioxidant and anti-stress properties, and are the
cytoprotectors [14, 15].

The high yield of Yacon (28-100 t/ha) and high content of inulin and other BAS
(Biological active substances) makes it a valuable raw material for the food and
pharmaceutical industry [18-19]. This culture is multi-use, namely: 1 - vegetable (the use in
food of root tubers and young shoots); 2 - fodder (using all parts of the plant for animals
food); 3 - technical (production of natural syrups with high fructose) and fuel alcohol; 4 -
medical (in root tubers with a high content of fructose in the form of oligofructan that is
useful for people suffering from diabetes) [20].

The Salsify belongs to the family astrina. There are 170 species of this plant.
Scorzonera homeland is the coast of the Mediterranean Sea. This plant is famous in the
countries of Western Europe and the USA. Unfortunately, in our country this is a root
almost forgotten [18, 21, 22]. The Salsify or Kozelets is the very valuable for its nutritional
and medicinal properties plant. Rhizomes valuable content of polysaccharides in an amount
of about 17 %, which presents inulin - 13-16 %, pectin - 3-5%, and fiber — 1.5 -2.5 %. The
amino acid composition represented by the following amino acids (mg/100g): arginine —
14.97, glutamine - 238, lysine - 127, leucine - 151, phenylalanine - 86, valine - 76.
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Biological value of protein root Scorzonera due to the high content of arginine 1497
mg/100g and the amount of proline, alanine and threonine 1031 mg/100g [21-27].

The aim of this work was to determine the polysaccharides composition such non-
traditional plant materials as Salsify and Yacon and exploring the possibilities for its further
use to obtain wellness products.

Considering the fact that currently organism modern population there is a shortage of
polysaccharides, which leads to the development of many "diseases of civilization" such as
cardiovascular disease, atherosclerosis, obesity, diabetes, selection and study of this
material, is relevant. Selected non-traditional raw materials, Yacén and Salsify are a
significant source of polysaccharides, but also contain a number of minerals, vitamins,
flavonoids, and amino acids.

Materials and methods

It was researched the roots of Yacon and rhizomes of Scorzonera, purees and powders
from them.

In our researches used Yacon variety Udine. Externally, the root tubers of Yacon are
from darken to purple-brown, but inside they are white, yellow, and sometimes slightly
purple. Taste - crisp, refreshing, slightly sweet, like fresh-picked apples with a soft scent in
combination pears with melon. Used root tubers have length of about 20 cm, diameter 10
cm, dry substances — 16% and the content of inulin 7 %, fructose 5 %, cellulose 0.6 %.
From root tubers of Yacon received puree and powder, in which determined the content of
the main polysaccharides and fructose.

Scorzonera rhizomes are used with dry substances — 15 %, the content of inulin 5.7 %,
pectin 0.9 %, and cellulose 0.8 %. From the Scorzonera rhizomes, as well as from roots to
Yacon received puree and powder, which determined the content of valuable BAS, in
particular polysaccharides.

Obtaining powder from Scorzonera and Yacén conducted by convective drying pre-
cut into the plate rhizomes and then crushed to a particle size of 0.5 - 0.7 mm.

Puree was obtained by rubbing through a sieve with the hole diameter is not more than
0.4 mm pre-cleaned and steamed for 15-20 min from rhizomes of Scorzonera and Yacon.

According to traditional methods there was defined content of polysaccharides, inulin,
pectin, cellulose in them [28-31].

The content of pectin substances recognized by the gravimetric method, which is
based on the determination of mass fraction of pectic acid with the mass number of pectate
calcium, resulting from the interaction under certain conditions, calcium chloride with
pectic acid.

Inulin content was determined by the method of Bertrand, which is based on the ability
of the aldehyde group of sugars to interact with Fehling's reagent and restore the oxide of
copper to cuprous oxide, which cipitate in the form of a red precipitate.

Determination of the mass fraction of cellulose based on the decomposition of all other
organic compounds concentrated nitric acid in a mixture of acetic and trichloracetic acids
[28, 29, 31].
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Results and discussion

The Salsify and Yacon are quite valuable root vegetables for their nutritional and
biological properties, chemical compositions of which are rich in biologically active
substances, which are represented by polysaccharides, macro - and microelements,
vitamins, flavonoids, and essential amino acids.

Particularly rich the selected raw materials on valuable polysaccharides: inulin, pectin,
cellulose.

The value of inulin is in its effects on metabolism during all time while in the human
body. Inulin improves lipid metabolism, and therefore reduces the risk of cardiovascular
disease, promotes the development of bacteria, contributing to the normal functioning of
the gastrointestinal tract, stimulates contractility of the gut wall, has immunomodulatory
effect.

Important compounds are also pectic substances. One of the main effects of the
therapeutic influence of pectin is a detoxifying effect in respect to cations of heavy and
radioactive metals.

Fiber improves digestion, stimulates peristalsis, increases the rate of passage of food
through the gastrointestinal tract, absorbs fats, toxins and mucus from the stomach and
intestines, and improves the absorption of nutrients. Fibers free from toxins not only the
gastrointestinal tract, but also lymphatic system [1-7].

It was performed the analysis of the new non-traditional raw materials rich in
polysaccharides because these biologically active substances are important for the normal
functioning of the body with a view to expanding the range of products with a high level of
dietary fibers.

Selected raw materials are a valuable source of polysaccharides, such as inulin, pectin,
cellulose. Therefore, a study to determine the content of these BAS within the selected
objects and processed foods.

The content of the BAS in the products of Yacon processing presented in table 1.

Studies have shown that the products of Yacén contain significant amounts of
polysaccharides, in particular inulin that has prebiotic properties.

Table 1
Content of the BAS in the of Yacén processing products
N Index Yacon puree | Yacon powder
1 | Dry substances, % 18 89.8
Weight part, % on dry substances:
2 | Inulin 41.5 42.3
3 | Fructose 30.8 29.9
4 | Cellulose 34 2.8

The healing properties of Scorzonera are also due to the presence of significant
amount of inulin. The use of this root in food has a hypoglycemic action, which can be used
for the prevention and treatment of diabetes. Also in Salsify contains flavonoid glycosides
and vitamins C, E, carotenes, which provide antioxidant properties of plant.

Mineral composition of Scorzonera (table 2).
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Table 2
Mineral composition of the Scorzonera root

N | Index | Value
Macroelements (mg/100g)
1 Phosphorus 84
2 Potassium 140
3 Sodium 148
4 Magnesium 81
5 Calcium 153
Microelements (mcg/100g)
6 Copper 42
7 Zinc 28
8 Manganese 250
9 Nickel 0.7
10 Iron 420

Vitamin composition represented by such vitamins (mg/100g): E — 6, carotene — 0.02,
PP - 0.35, C from 2.1 to 8.2.

In medicine Kozelets used in gastro-intestinal diseases, as a sedative, anticonvulsant,
analgesic agent [23-27].

The specific content of polysaccharides in the scorzonera processing products
presented in table 3.

As can be seen from table Scorzonera processing products contain significant amounts
of inulin, pectin, cellulose, which proves that it can be used to fortify foods.

This proves the expediency of Yacon and Scorzonera processing products application
as functional fortifying in technologies for health products.

Table 3
Content of polysaccharides in the Scorzonera processing products
Scorzonera Scorzonera
N Index
puree powder
1 Dry substances, % 15.1 89.6
Weight part, % on dry substances:

2 Inulin 37 38.2

3 Pectin 53 5.2

4 Cellulose 3.7 3.1

As in purees and powders of analyzed raw materials the general trend of the high
content of inulin, for Yacon (41.5 —42.3 % on dry substances) and Scorzonera (37 —38.2 %
on dry substances) and cellulose for Yacon (2.8 - 3.4 % on dry substances) and (3.1 — 3.7 %
for Scorzonera on dry substances), is kept. This proves the feasibility to using of processed
products to the Yacon and Scorzonera as functional supplements in the technology of
wellness products.

At the same time, the results showed the complexity of implementing functional
enrichment of certain food products by making the puree recipe, because it contains only 15
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to 18% dry substances, and 6.3 to 7.5 % inulin accordingly, and 0.7 to 1.2 % cellulose.
Therefore, in most food technologies, the use of puree in the less amount of than 15% by
weight of the product do not give reason to expect functional enrich effect.

The use of selected raw materials powder for food products can significantly improve
the content of dietary fiber, because powder as Scorzonera, as Yacon with a high content of
dry substances (89 - 90%) contains a significant amount of polysaccharides in semi-
finished product.

At this stage of the research proposed to use the powder of Scorzonera and Yacon to
receive ice cream for healthy use.

Dairy products occupy a large proportion of food products market. One of the leading
places in Ukraine in the dairy market belongs to ice cream. We conducted a series of trial
tests of the ice cream manufacturing with different percentages and modes of functional
supplements insertion.

The results of the organoleptic evaluation are shown in table 4.

Table 4
Organoleptic characteristics of the studied ice cream variants
Name of Feature
- The taste Structure Assessment
indicator . Color
and smell consistency
. Uniform
. Pure, without Ice cream has a
Creamy ice . Homogeneous, throughout the .
foreign tastes . smooth consistency,
cream dense mass of ice .
and odors nice color and taste
cream
Ice cream . Uniform -
o Pure, without Finished product has
with 2% of . throughout the
foreign tastes Homogeneous . a pleasant taste and
Scorzonera mass of ice
and odors texture
powder cream
Ice cream Creamy, uniform
with 3-4% | Pure, without Y Ice cream has a
. Homogeneous, throughout the .
of foreign tastes . smooth consistency,
dense mass of ice .
Scorzonera and odors nice color and taste
cream
powder
Ice cream . Creamy, uniform ..
. . niform ’ Finished product has
with 6% of | Tangible taste Unifo throughout the ¢p
. throughout the . a tangible flavor of
Scorzonera additives . mass of ice .
mass of ice cream additives
powder cream
Ice cream Pure. without Creamy, uniform Cream has a good
with 2% of N Homogeneous, throughout the structure and texture,
. foreign tastes . .
Yacon dense mass of ice attractive color and
and odors
powder cream flavor
Ige crear;q Pure, without Creamy, uniform Finished product has
with 3-4% . throughout the . .
J foreign tastes Homogeneous . a high organoleptic
of Yacon mass of ice .
and odors characteristics
powder cream
Ige criam Pure, distinct Uniform Greyish, uniform Finished product has
with 6% of throughout the -
, vegetable throughout the . a tangible taste of
Yacon . mass of ice .
flavor mass of ice cream additives
powder cream
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When conducting organoleptic evaluation for the control sample it was taken Creamy
ice cream. With addition the powder as Yacon as Scorzonera in an amount up to 6% the
finished product has a high organoleptic characteristic, and when you add the powder in a
larger amount (more than 6%) worse structural and taste characteristics. On organoleptic
indicators best fortificant option is the addition of powder in the amount of 3-4% by weight
of the product.

A series of experiments for determination the physicochemical characteristics of the
ice cream with prebiotics with different fortificant content were conducted, the results of
which are shown in table 5.

Table 5
Physicochemical characteristics of ice cream with different fortificant content
Name of the Ice cream with Yacon Ice cream with Normative
indicator powder Scorzonera powder values
2% | 3-4% | 6% 2% 3-4% 6%
Drysubstance, | 35 5 | 335 | 340 | 328 | 332 | 336 31-35
mass fraction, %
Acidity, °T, 205 | 2 | 25 | 22 | 225 | 255 | N moy than
Overrun,% 58 57 57 59 59 59 Not limited

As you can see the ice cream with addition 6 % of Scorzonera or Yacon powder has
acidity limit or in excess of the standard.

Based on the results of organoleptic evaluation and the results of physical and
chemical research, the best dose to make creamy ice cream functional fortificant are 3-4%
powder of Scorzonera or Yacon.

Carbohydrate composition of healthy ice cream (tables 6) with 3-4% powder insertion
is presented.

Table 6
Carbohydrate composition of healthy ice cream
Components of Carbohydrate composition
mix formula Disaccharides| Starch | Pectin substances | Cellulose | Inulin
Creamy ice cream 19.8 0 0 0 0
lee cream with 17.75 0.06 0.21 0.12 1.56
Yacon powder
lce cream with 17.54 0.1 0.36 0.16 1.43
Scorzonera powder

Carbohydrate composition of ice cream has improved and enriched by such products
as inulin on 1.43-1.56%, cellulose on 0.12-0.16%, pectin on 0.21-0.36%, which confirms
prebiotic and health properties of enriched ice cream. Besides the valuable polysaccharide
content, ice cream with prebiotics also has a high content of certain vitamins (C, PP) and
minerals (Mg, Fe) in comparison with creamy ice-cream.

—— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 1

19




10.

20 —— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 1

—— Food technologies ——
Conclusions

Researches have shown that as Scorzonera as Yacon contain significant amounts of
polysaccharides, in particular inulin that has prebiotic properties.

High content of dry substances in the Yacon and Scorzonera powder including mass
fraction of inulin on Yacon dry substances (42.3%) and Scorzonera (38.2 %) makes
them a valuable raw material for the food industry.

Possibility of Yacon and Scorzonera powder using for the enrichment of food
products, in particular ice cream of healthy destination was examined.

The ratio of ingredients and the optimum process conditions, providing ice cream
with high quality prebiotics are obtained.
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Introduction. There are no technologies for spelt grain to
process it into cereals, especially optimal parameters of
humidifying and softening.

Materials and methods. Spelt grain with humidity of 12 %
is moistened to the desired humidity of 13, 14, 15, 16 and 17 %,
softened for half an hour, one hour, one hour and a half and two
hours, and then sent for processing. For unhusking grain is
cracked in the laboratory peeling machine with rubbing it against
an abrasive surface that causes scraping shells with the speed of
rotation of 3000 moves/minute. Culinary assessment of spelt
porridge was carried out by 9-point scale.

Results and discussion. Culinary assessment of spelt
porridge changes depending on the degree of unhusking. Thus,
cereals have very expressed odor with unhusking degree of 10—
22 % — 9 points. 14-22 % degree of grain unhusking provides a
very distinct taste of porridge due to a decrease in content of grain
glumes in cereals. The lower degree of grain unhusking (4—14 %)
predetermines a distinct taste of porridge. Porridge color changes
from a cream color with a brown shade by unhusking degree of
4-6 %, from a dark cream color by unhusking degree of 8—12 %
to a light cream color with a yellow shade by unhusking degree of
14-22 %. Porridge consistency of spelt cereals does not change
depending on the degree of unhusking and is crumbly. Coefficient
of cooking porridge of whole spelt cereals grows from 5,4 per
cent by 4-6 degree of unhusking to 6,3-22 percent unhusking as
glumes do not constrain swelling of cereals. However, the best
variant is a 14—16 percent removal of grain glumes.

The lowest cereal yield is obtained by grain humidity of 13
and 14 % which are respectively 83,8 and 84,0 %. Grain
humidifying to 15 percent moisture content and its softening
affects substantially cereal yield. Cereal yield by this humidity
during half an hour an half is 87,5 % which is significant
compared with 13-14 per cent moisture content of grain
(LSDys=3,7). By softening duration for one hour this indicator
increases to 87,8 %, one hour and a half — 87,9 % but it is
negligible compared to the half-hour softening. Humidifying of
spelt grain to 16 and 17 % does not provide increase in cereal
yield compared with 15 per cent grain moisture.

Conclusions. The application of research results allows
reducing output of feeding hulling bran by 10-15 % due to lesser
degree of unhusking (14-16 %), which is achieved by grain
humidifying to 15 percent moisture and softening with the
duration of 30 minutes.

—— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 1

23



—— Food technologies ——

Introduction

Scientists Bonifacia G. et al. [1], V. Dvoracek [2] and E. Escarnot [3] found that the
use of spelt flour makes it possible to get bread and bakery products of high biological
value due to higher content of soluble protein fractions that contain more essential amino
acids. Innovation component of these products is lower glycemic index of obtained
products [4—6]. Scientists J.D. Wilson [8]. J. Gray [9] and S. Zanetti [10] found that in
addition to the conditions of mineral nutrition on technological properties and final product
quality also affect selection and genetic characteristics of the variety. However, there are no
research results on the use of spelt for the production of flour products because their grain
has specific rheological properties that affect the mode of processing and quality of the
finished product.

The best way to improve technological properties of grain before unhusking is water
and thermal processing which is to impact on it with moisture (steam) and heat [10, 11]. As
a result of such influence there is a directional change of properties of grain components —
kernel and glumes. When applying rational methods and modes of processing glumes are
more easily separated from the grain kernel, it is less crushed causing increase in cereal
yield and improving its quality [12, 13]. Particularly high efficiency of water and thermal
processing by preparation of grain of cereal crops from which we get crushed cereals is
caused by easier separation of glumes and less abrasion of endosperm resulting in increased
cereal yield and reduced polished meal yield. In addition, the use of water and thermal
processing improves consumer properties of cereals, physical form, nutritional and taste
indicators and its stability during storage [14, 15].

S.M. Sots, O.S. Voloshenko and 1.O. Kustov [16] found that for oat grain degree of
unhusking varies depending on the grain humidity. Increasing grain humidity resulted in
decrease in degree of unhusking due to structural and mechanical properties of moistened
grain: more moistened grain has higher strength and viscosity owing to what its resistance
to mechanical processing increases. The same scientists found that the optimal grain
moisture for oat to obtain whole cereals is 14 %.

According to O.V. Tverdokhlib and R.L. Boguslavskyi [17] from the first half of the
20th century into production spelt is being promoted as a cereal crop, the cultivation area of
which in Ukraine is 100 thousand hectares.

As a result of studying technological properties of winter spelt grain A.K. Niniyeva
[18] found that variety NSS 1/02 has a high weight of 1000 grains (50,7 g), variety Nirvana
— a high grain size (47,8 %). However, for spelt there are no technologies to process its
grain into cereals, especially optimal parameters of humidifying and softening.

Materials and methods

For the experiment a variety of winter spelt grain Zoria of Ukraine was used grown in
conditions of Right Bank Forest-Steppe. Culinary assessment of spelt porridge was carried
out by 9-point scale (Table 1).
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Table 1
Culinary assessment of spelt grain porridge
E Point
xR
2
E 9 7 5 3 1
Ll
= missing, atypical, with
“E’ eitrﬁgsgsl gd expressed e)\()viil;lz d slightly a strong
) P P modified foreign smell
light cream .
5 with yellow shghtl.y darker cream with light brown, | dark brown or
= or lighter, >
8 shade or cream brown shade light grey dark grey
without it
2 strongly weakly . atypical, with
2 expressed expressed expressed missing a strong
[ foreign taste
@ slightly slightly
z 2 crumbly crumbly crumbly, with | not crumbly Waz:revzz’ck
S & (sticky) lumps Y Y
s 2
o = | very gentle, quite gentle, hardish, . clumps much,
% E E | well chewed, | well chewed, clumps a bit, Stlff’vsiltl}llmps’ with strong
z 0z without without with weak . crunching,
7= = . . ) crunching .
g = 's| crunching crunching crunching very stiff
o 2

To determine the effect of humidifying level and softening duration cleaned spelt grain

with humidity of 12 % was moistened to the desired humidity of 13, 14, 15, 16 and 17 %,
softened for 30, 60, 90 and 120 minutes, and then sent for processing. Water amount
required for humidifying grain was calculated using the formula:

W:Gx(

100-4) |
100-B ’

where W — water amount for humidifying grain, g;
3 — mass of moistened grain, g;
A — initial moisture content, %;
B — final moisture content, %.

shown in Fig. 1.
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Fig.1. Scheme of laboratory peeling machine
1-hopper, 2 — drive shaft, 3 — abrasive cylinder, 4 — unloading device, 5 — peeled grain hopper, 6 —
tank muchky, 7 — building, 8 — perforated drum, 9 — guide wall.

Speed of rotation is 3000 moves/minute. Weight of the sample for unhusking is 150 g.
The degree of grain unhusking after humidifying and softening is 14-16 % which
corresponds with 120-140 seconds of unhusking duration. Ash content in cereals is
determined by overcooking of milled sample weighing 2 grams in a muffle furnace. The
end of cooking porridge is determined organoleptically, coefficient of cooking porridge —
by the ratio of cereal volume before cooking and porridge volume after cooking.

Results and discussion

One of the important indicators of producing cereal products is the optimal degree of
grain unhusking indicator of which varies depending on the variety, as grain is
characterized by different content of glumes and durability of their adjoining to endosperm.
Cereal yield of spelt grain varied depending on the degree of unhusking (Fig. 1).
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Fig. 1. Whole cereal yield of spelt grain depending on unhusking
duration, %

The highest yield of whole cereal was by unhusking duration of 20 seconds and
reached 95 %. A further increase in unhusking duration of spelt grain reduced cereal yield
to 79,1 % due to the increase in removing shells from spelt grain.

Cereal products of cereal crops are one of the main sources of vitamins — organic
compounds that are not energy sources but are involved in the regulation of metabolism.
Thus, 100 g of wheat grain contains 0,37-0,44 mg of thiamine (vitamin B,), 0,1-0,17 mg of
riboflavin (vitamin B,), 4,94-5,58 mg of niacin (vitamin PP) while buckwheat grain
respectively — 0,30, 0,14 and 3,87 mg [19]. Vitamins are localized unevenly in grain, the
highest content of which contains in glumes, and increasing degree of unhusking reduces
their content in the finished product [20, 21].

Culinary assessment of spelt porridge changed depending on the degree of unhusking.
Thus, cereals had very expressed odor with unhusking degree of 10-22 % — 9 points (Table
2). 14-22-percent degree of grain unhusking provided a very distinct taste of porridge due
to a decrease in content of grain glumes in cereals. The lower degree of grain unhusking (4—
14 %) predetermined a distinct taste of porridge. Porridge color changed from a cream color
with a brown shade by unhusking degree of 4-6 %, from a dark cream color by unhusking
degree of 8-12 % to a light cream color with a yellow shade by unhusking degree of 14-22
%. Porridge consistency of spelt cereals unchanged depending on the degree of unhusking
and was crumbly. Better indicators of smell, taste and color provided 14-22 percent degree
of unhusking as grain shells contain fiber which has low organoleptic quality.
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Table 2

Culinary assessment of spelt grain cereals depending on the degree of unhusking, point

The degree
of unhusking, %

Smell

Taste

Color

Consistence
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2
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It is known that spelt grain usually has a smaller number of glumes compared to
wheat. Therefore, to determine the optimal degree of their removal it is necessary to
analyze the porridge consistency during chewing, as this indicator defines consumer
properties of cereals. It is found that porridge consistency during chewing of this cereal

varied depending on the degree of unhusking (Fig.2).

10
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Porridge consistency, point
~
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The degree of unhusking, %

16

18 20 22

Fig. 2. Porridge consistency during chewing of whole spelt cereals depending on
the degree of unhusking, point
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Thus, this indicator varied from 3 to 9 points, depending on the degree of unhusking,
Well chewed, very tender, without crunching was cereal (9 points) by unhusking degree of
20 %, well chewed, quite tender, without crunching was obtained cereal (7 points) by
unhusking degree of 16—18 %. Porridge consistency of spelt cereal during chewing by
unhusking degree of 5-12 % was hardish, clumped a bit, with weak crunching (3—5 points).
The most optimal for spelt grain is the degree of unhusking of 12-14 %. Therefore,
studying the effect of humidifying and softening was carried out by unhusking degree of
14-16 %.

Whole cereal of spelt grain was characterized by high cooking duration but this
indicator depended on the degree of unhusking (Fig.3). The lowest duration of cooking was
by 18-22 percent degree of unhusking — 0,71-0,73 hours. Longest of all (1 hour) cereal was
cooked by the degree of unhusking of 4—6 %, as grain glumes prevented the penetration of
moisture into the endosperm during cooking.

-
-

1,0 O O

0,9

0,8 ~_
° PN

0,7 °

Duration of cooking porridge, h

0,6
2 4 6 8 10 12 14 16 18 20 22
The degree of unhusking, %

Fig. 3. Duration of cooking porridge with whole grains spelled, depending on the
degree of unhusking, h

Coefficient of cooking porridge of whole spelt cereals grew from 5,4 per cent by 46
degree of unhusking to 6,3-22 percent unhusking as glumes did not constrain swelling of
cereals (Fig.4). However, the best variant is a 14-16 percent removal of grain glumes.

The highest ash content in cereals was in 4 percent degree of unhusking — 2,05 %
which by increasing the degree of unhusking to 22 % significantly (LSDys = 0,09) reduced
to 1,50 % or 27 % (Fig. 5).
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Fig.5. Ash content in spelt grain depending on the degree of unhusking, %
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As a result of studies it was found that cereal yield varied depending on grain humidity
and softening. Thus, the lowest cereal yield was obtained by grain humidity of 13 and 14 %
which were respectively 83,8 and 84,0 % (Table 3). Grain humidifying to 15 percent
moisture content and its softening affected substantially cereal yield. Cereal yield by this
humidity during half an hour an half was 87,5 % which was significant compared with 13—
14 per cent moisture content of grain (HIPys=3,7). By softening duration for one hour this
indicator increased to 87,8 %, one hour and a half — 87,9 % but it was negligible compared
to the half-hour softening. Humidifying of spelt grain to 16 and 17 % did not provide
increase in cereal yield compared with 15 per cent grain moisture.

Table 3
Cereal yield depending on humidifying and softening duration of grain, %

Moisture of Duration softening, hours
grain, % 0,5 1,0 1,5 2,0
13 83,8 - — —
14 84,0 — — —
15 87,5 87,8 87,9 87,0
16 87,0 87,0 87,0 86,7
17 86,5 86,2 86,0 85,9
LSDys 3,7

It is known that grain glumes contain more vitamins and dietary fibers [22]. Cereal
obtained by unhusking degree of 10—12 % has a satisfactory culinary assessment that gives
possibility to add it to polished cereal products of other crops to improve the biological
value of the finished product.

Conclusions

Culinary assessment of spelt grain cereals depends essentially on the degree of
unhusking. The highest culinary assessment is provided by 20-22 percent removal of
glumes but the optimal degree of unhusking is 14—16 % as further removing grain glumes
will increase polished meal content. Coefficient of cooking porridge of whole cereals in this
case is 5,8-5,9 but the duration of cooking is high — 0,75-0,81 hours. On yield of whole
cereals from spelt grain significantly influences humidifying and softening. The best variant
is grain humidifying to 15 percent moisture and softening for 0,5-1,5 hours.
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Introduction. The aim of this work is to identify a steady
equilibrium of hydroxyl proton of ethanol and water in various
types of vodkas and moonshine, which are produced in
Ukraine.

Materials and methods. Volumetric pipette were used to
set up a required volume (0,3 ml) of vodka (flavored vodka,
moonshine). External standard separated from testing substance
which is required for LOCK’s system operation deuterium
solvent (acetone-ds) of NMR’s deuterium stabilization
spectrometer is added into an ampoule in a special form
capillary. "H NMR spectra records and data processing were
performed according to the instruction of FT-NMR Bruker
Avance II spectrometer.

Results and discussion. Fundamentally new aspects that
are related to an internal mechanism of steady thermodynamic
equilibrium in the finished product - vodka (flavored vodka,
moonshine) were established during the studies. The study has
proved that steady equilibrium is characterized by the presence
of combined unitary signal EtOH+H,0O in hydroxyl group
(A5;=0 ppm). Unsteady and transitional equilibrium is
characterized by the presence of two separate signals of EtOH
and H,O in hydroxyl group. The difference between chemical
shifts of protons of methylene group of ethanol (CH,) and
hydroxyl group EtOH+H,0 for 7 samples - A,=1,23 ppm, for 5
samples — Ad,=1,27 ppm. The difference between chemical shifts
of protons of methylene group of ethanol (CH,) and methyl
group of ethanol (CH3) in each sample is Ad;=2,45 ppm, which
specifies on stability of chemical shifts between these groups,
and strong links between methyl (CH;) and methylene (CH,)
groups.

Conclusion. The conducted researches set a fundamental
difference of behavior of hydroxyl proton of ethanol and water
in vodkas, flavored vodkas and moonshine, using 'H NMR
spectroscopy. Equilibrium systems allow to improve the
technological process of vodka on distillery enterprises, to
stabilize quality of finished product.
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Introduction

NMR spectroscopy is widely used in physics research [1, 2]. NMR accounts for about
90% of all research of the proton magnetic resonance spectroscopy ('H NMR). Most of them
operate in the Fourier transform mode.

Bloch F. obtained "H NMR spectra with «low-resolution» of H,O (Fig. 1, a) for the first
time in 1946 [3], and in 1951 Arnold J.T. for the first time obtained '"H NMR spectra with
«high-resolution» of ethanol C,HsOH (Fig. 1, b) [4]. At the first glance, it may seem that
these are fairly simple organic molecules [5-10], at the same time NMR spectroscopy exhibits
grate variety [11-14] in such characteristics as chemical shift, spin-spin interactions and the
effect of chemical exchange.

Fig.1. '"H NMR spectra:
a-H,0 [3]; b - C,HsOH [4] — (from left to right) protons of hydroxyl (OH), methylene (CH,) and
methyl (CH;) groups

An ethanol molecule consists of 6 protons located in a 3 proton-containing groups:
methyl (CH;), methylene (CH,) and hydroxyl (OH) with a relative intensity characteristic
CH;:CH,:OH - 3:2:1. This characteristic is proportional to the number of protons in each
group.

Nuclear spin-spin interaction is observed between the three proton-containing groups of
ethanol, all of which have different resonant frequencies [14]. «N» number of equivalent
protons of one group split the signal of the nearest group into (N+1) lines with the intensity of
a Pascal triangle [12]. The ability to observe spin-spin interactions depends on the rate of the
intermolecular proton exchange.

The presence of proton exchange in the water-ethanol is a well-known fact [14].
Hydroxyl proton (OH) of ethanol can exchange with free hydrogen ions, which are generated
in water (self-dissociation), or in trace amounts of acids, alkalis or dissociated ethanol. The
speed of exchange is proportional to the concentration of free ions. The exchange with acidic
and basic impurities also impacts the position of average signal of water. The NMR spectra of
aqueous-alcoholic mixtures (AAM) protons have a different appearance depending on the pH.

In accordance to the requirements of normative documents of Ukraine vodka - is an
alcoholic drink with a strength of 37,5% to 56,0%, made of AAM processed by a special
sorbents with or without volatile ingredients. Flavored vodka is an alcoholic drink with a
strength of 37,5% to 56,0%, with a marked flavor and taste, prepared by processing AAM
with a special sorbents with addition of non-volatile and volatile ingredients.

The preliminary conducted 'H NMR studies, which are described in a works [15-19],
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relate to the study of hydroxyl protons of AAM modifications in the process of making
vodkas. The obtained results give grounds to assert a fundamental difference in the behavior
AAM prepared from the alcohol and water passing through various processes. During the
study we have determined the systems of unsteady and steady equilibrium depending on the
transformation of hydroxyl protons of ethanol and water.

In works [20, 21] we set two groups of samples (vodkas, flavored vodkas) with
equilibrium of hydroxyl protons of water (H,O) and ethanol (EtOH) — unsteady and
transitional equilibrium. Unsteady and transitional equilibrium characterized by a presence of
hydroxyl groups two separate signals of EtOH (8gon=5,34 ppm) and H,O (01p0=4,72...4,75
ppm). Unsteady equilibrium is characterized by the presence of hydroxyl proton of ethanol
(EtOH), which is obvious. Transitional equilibrium is characterized by the presence of
hydroxyl proton, which is barely noticeable, which characterizes the transition from steady
equilibrium to unsteady equilibrium.

Therefore, additional studies were required to be conducted for a more detailed study of
the internal mechanism of a steady thermodynamic equilibrium to insure provision of a high
quality characteristics of finished products (vodka, flavored vodka, moonshine).

The aim of this work is to identify a steady equilibrium of hydroxyl proton of ethanol
and water in various types of vodkas and moonshine, which are produced in Ukraine.

Materials and methods

'H NMR analysis of vodkas and flavored vodkas has been conducted in a certified
laboratory of the Institute of Physico-Organic Chemistry and Coal Chemistry named after
L.M. Litvinenko NAS Ukraine (Donetsk city), using:

- FT-NMR Bruker Avance II spectrometer (400 MHz); measurement error of the
chemical shifts for 'H + 0,0005 ppm; 5-mm broadband inverse probe with Z-gradient;
thermostatic system (+25°C ... +100°C);

- Specially shaped capillary with acetone-ds (CD;),CO (atomic fraction of deuterium —
99,88%);

- High accuracy ampoules Ne507-HP for high resolution NMR’s spectroscopy (400
MHz) standard length - 178 mm; outside diameter - 4,970,006 mm; internal diameter -
4,20+0,012 mm; curvature = 0 0006 mm;

- Volumetric pipette;

- Dispenser;

- The samples of vodkas, flavored vodkas and moonshine, produced in Ukraine (Table
1), were used as experimental material for "H NMR spectroscopy.

Experimental studies of '"H NMR were carried out in the following order:

- Preparation of samples to research;

- Recording of "H NMR spectrum;

- Conclusion and interpretation of work results.

Work methodology:

- 0,3 ml of vodka (flavored vodkas, moonshine) prepared with a volumetric pipette with
a predetermined strength (40,0 + 0,2)% vol. External standard separated from the testing
substance which is required for LOCK’s system operation (deuterium solvent (acetone-dg) of
NMR’s deuterium stabilization spectrometer) is added in a special form of a capillary into an
ampoule. The obvious advantage of using the external standard is the fact that standard
substance’s molecules and test’s solution do not interact with each other;

- 'TH NMR spectra records and data processing were performed according to the
instruction of FT-NMR Bruker Avance II spectrometer (400 MHz).
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Results and discussions

The 31 sample of vodkas, flavored vodkas and moonshine, produced in Ukraine were
used as experimental material for "H NMR spectroscopy. These samples were divided into 3
groups with unsteady equilibrium, transitional and steady equilibrium of protons hydroxyl
group.

In other works [20, 21], we already in detail considered two groups of samples —
unsteady and transitional equilibrium.

In this paper, we will study only third group of vodkas flavored vodkas and moonshine
with a steady equilibrium. This group has included 12 samples of vodkas of a different
manufacturers, brands, names and formulations (Table 1).

Table 1
Characteristics of vodka's chemical structure under "H NMR spectroscopy

Chemical shift (3), ppm

Name of product Name of enterprise EtOH+H,0 | A3, | CH, | ASs | CH

1. «Berezovyi LLC «Beveridge group» 4,76 1,23 | 3,53 | 2,45 | 1,08

tsvity?

2. «Khortytsa SE «Image Holding» JSC 4,77 1,23 | 3,54 | 2,45 | 1,09

Absoliutna»' «Image Holding AnC»

3. «Malynivka LLC «Distillery «Prime» 4,80 1,27 | 3,53 | 2,45 | 1,08

Lahidna»’

4. «Zolotyi Lviv JSC «Lviv distillery» 4,80 1,27 | 3,53 | 2,45 | 1,08

Panskay'

5. «Prime World LLC «Distillery «Prime» 4,75 1,23 | 3,52 | 2,45 | 1,07

classy'

6. «Pulse activer' LLC «Artemovsk 4,80 1,27 | 3,53 | 2,45 | 1,08
Distillery-Plus»

7. «Baika LLC «National Vodka 4,76 1,23 | 3,53 | 2,45 | 1,08

Liuksova yakist Company»
Pom’iakshenax»’

8. «Nova LLC «Latona-Investy» 4,76 1,231 3,53 | 2,45 | 1,08
Rublovka

Klasychnay®

9. Moonshine’ smt. Novgorodskoe 4,76 1,23 | 3,53 | 2,45 | 1,08
10. «Poltavska CJSC «Poltava Distillery» 4,80 1,27 | 3,53 | 2,45 | 1,08
bytva»

11. «Khortytsa SE «Image Holding» JSC 4,76 1,23 | 3,53 | 2,45 | 1,08
Platinumy' «Image Holding AnC»

12. «Artemivska LLC «Distillery Altera 4,80 1,27 1 3,53 | 2,45 | 1,08
Klasychna»'

Note. 1 — vodka, 2 - flavored vodka; 3 — moonshine
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In figures 3- 4 is presented one-dimensional proton spectra of vodkas, flavored vodkas
and moonshine for the following groups of protons: CHz; CH,; H,O; EtOH; acetone-dg.
General characteristic of the obtained spectra is presented in table 1, where Ad; — is deviation
between chemical shifts of proton's hydroxyl group of ethanol (EtOH) and water (H,0), Ad, —
is deviation between chemical shifts of proton's hydroxyl group of water (H,O) and a
methylene group of protons of ethanol (CH,), Ad; — is deviation between chemical shifts of
protons of ethanol's methylene group of protons (CH;) and ethanol's methyl group protons
(CHa).

We will examine spectra of hydroxyl group. The selected samples of vodkas, flavored
vodkas and moonshine with a steady equilibrium characterized by a unitary signal of
hydroxyl group of EtOH+H,O (Fig. 3-4, cl...c12). The component of protons of EtOH+H,0
in each sample presented as singlet (s), located in a «weak field» with a chemical shift,
which is in a range Sgon+20=4,75...4,80 ppm. Waveform of EtOH+H,O protons — is distorted
Gaussian curve, with a broadened base and a slight asymmetry of apex, which is offset from
the centerline.

Analysis of '"H NMR spectra of methyl group's protons CH; (Fig. 3-4, al...al2) in
vodkas, flavored vodkas and moonshine allows to state the following: methyl group of
protons in each sample is located in a strong field and represented as a triplet (t) with a
relative intensity (1:2:1). Based on spin-spin interaction of groups of protons, the methyl
group's signals (CH;3) must be split by neighboring protons of the methylene group (CH,) into
a triplet (t), in accordance with Pascal's triangle with intensity ratio of (1:2:1). No other group
of protons, apart from methylene group (CH,) can affect methyl group (CH;). The average
value of the chemical shift of the methyl group for the 12 samples is within
Ocn3=1,07...1,09 ppm (table 1), most of which (10 samples) have an average value
dcn3=1,08 ppm and private chemical shifts of the peaks of the triplet 6cyz=(1,10; 1,08; 1,06)
ppm. The distance between each peak of quartet is 0,02 ppm.

The analysis of 'H NMR spectra of methylene group's protons CH, (Fig. 3-4,
bl...b12) indicates that the group is represented as a quartet (q) with intensity (1:3:3:1),
with an average value of the chemical shift d¢1,=3,52...3,54 ppm (Table 1). Most of the
components of the methylene group (10 samples) have an average value of the chemical
shift dcpp=3,53 ppm partial chemical shifts of the peaks quartet dc=(3,56; 3,54; 3,52;
3,50) ppm. The distance between each peak of quartet is 0,02 ppm.

The difference between chemical shifts of protons of methylene group of ethanol (CH,)
and hydroxyl group EtOH+H,O for 7 samples - Ad,=1,23 ppm, for 5 samples — Ad,=1,27
ppm. The difference between chemical shifts of protons of methylene group of ethanol (CHy)
and methyl group of ethanol (CH;) in each sample is Ad;=2,45 ppm, which specifies on
stability of chemical shifts between these groups, and strong links between methyl (CH;) and
methylene (CH,) groups.
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Fig. 3. Modifications of '"H NMR spectra of proton groups:
a - CH3; b - CH,; ¢ — EtOH+H,0; d - acetone-dg;
1...6 - number of sample (Table 1)
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Conclusions

Fundamentally new aspects that are related to an internal mechanism of steady
thermodynamic equilibrium in the finished product - vodka or flavored vodka were
established during the studies. The study has proved that steady equilibrium is characterized
by the presence of combined unitary signal EtOH+H,O in hydroxyl group (Ad;=0 ppm).
Unsteady and transient equilibrium is characterized by the presence of two separate signals
of EtOH and H,O in hydroxyl group. The unsteady equilibrium is characterized by the
presence of hydroxyl proton of ethanol (EtOH). Transition equilibrium by the presence of a
subtle signal of EtOH, that characterizes the transition from steady to unsteady equilibrium.

The conducted researches set a fundamental difference of behavior of hydroxyl proton
of ethanol and water in vodkas and flavored vodkas, using 'H NMR spectroscopy.
Equilibrium systems allow to improve the technological process of vodka on distillery
enterprises, to stabilize quality of finished product.

The authors express their gratitude to the participants of the experimental studies: Sujkov
S. - senior researcher at the Institute of Physical-Organic Chemistry and Coal Chemistry
named after L.M. Litvinenko NAS Ukraine, Ph.D. (Chem.), senior researcher, (Donetsk,
Ukraine); Onosova I. - associate professor of merchandising and examination of food,
Donetsk National University of Economics and Trade named of Mykhailo Tugan-
Baranovsky (Donetsk, Ukraine), Ph.D. (Econ.), associate professor. The authors thank
Mukherjee O. for adapting translation.
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Introduction. The topicality of the work is to justify the
choice of low-grade meat raw material as a matrix for tying
together calcium ions. A safe, effective and affordable enzyme
preparation is chosen from literature sources in order to
increase the number of functional groups in the raw material.

Materials and methods. Purpose of the study - bovine rumen,
leaf mussels, minced and ready fashion sausages. Proteolytic activity
of enzymes was determined by the modified Anson. The method is
based on the hydrolysis of sodium caseinate investigational enzyme
preparation to peptides and amino acids with further quantitative
definition.

Results and discussion. In order to increase the number of
functional groups for better binding of calcium ions rational
parameters studied enzyme collagenase proteolysis food rumen of
cattle. Rational enzymatic proteolysis parameters: duration 3 hours, the
temperature 12 °C, hydrological 1: 1, pH 7.0, enzyme concentration
0.1%. Increased moisture content in the environment does not lead to a
significant increase in the degree of proteolysis, and only increases the
moisture content of the final product, so a minimal rational ratio
waterrumen of cattle = 1: 1. With increasing concentration of the
solution of calcium citrate calcium content of the linked proteins
rumen of cattle increased and stabilized at 3.5% processing solution.
Later comes a saturation threshold after which the increase in
concentration of the solution does not affect the degree of binding of
calcium ions, so efficient enough 60 minutes calcination processing
rumen of cattle. To ensure microbiological safety, the mixture was
heated to 85°C and maintained for 10 min. By means of complete
factorial test, followed by mathematical modeling in problem-
oriented package MathCad, mathematical model of dependence
of length and temperature of proteolysis is developed The
indicator of amino nitrogen content in the received hydrolyzate
of paunch of cattle was selected as the parameter of
optimization. The study is conducted and the confirmation of
the data in model environments during proteolysis of by-
products of the second category (cow tripe) is received.

Conclusions. The results of the recommended meat products in
special food - Gerontologic. Development reduces the cost of finished
products, enriches its micronutrients and improves its absorption by the
human body.
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Introduction

XX century was the age of population growth, XXI can become the age of aging
population. According to the UN, it is expected that by 2050 the world population will
increase by 2.5 billion people, while the number of people at the age of 60 and older will
increase by 1 billion people.

The current demographic situation is characterized by persistent tendency - a dynamic
increase in the share of people older than working age, which contributes to global aging
process of population. Today, 20.7% of the population, that is every fifth citizen - retired
due to age, and every fourth, crossed the line of 50 year old.

Today we are talking about reaching potential immortality. The goal of scientists is to
look for new tools and methods that will significantly improve the quality of life in order to
increase one’s performance during their life expectancy, advance the onset time of diseases
that accompany old age (osteoporosis, type II diabetes, atherosclerosis, cancer, etc.). It is no
accidently, that in the developed by UN Programme project on aging "Scientific research
programmes on aging problems in the XXI century", the concept of healthy aging classified
as the most priority areas.

Today gerontology has a number of methods and tools that improve health,
psychological and physical possibilities of older and elderly age people. The most studied
and effective of them is the rational mode of muscle activity and a balanced diet, with the
obligatory inclusion in the diet ingredients that have geteroprotective and protective effect.
According to domestic and foreign research, through properly organized diet the number of
illnesses (diabetes, arthritis - 50%, heart disease - 25%, diseases of eyes - 20%, etc.) can be
reduced and significantly reduce the risk of premature aging. Today, there are very few of
these substances in our diets, which reduces the protective properties of the organism. For
this reason, it is necessary to create specialized food products with specifically declared
properties. Therefore, a new look at the potential of biotech food raw materials, grounding
of new biotechnological solutions in technology of gerodietic products are particularly
important.

Today the product range of gerodietic products is limited, moreover, the bulk accounts
dairy products and baked goods. Therefore, the purpose of this study was to improve the
theoretical foundations and design principles of gerodietic products, which are based on the
creation of balanced by their micronutritient structure of recipes, adequate needs of seniors,
elderly and centenarians.

One of the priority tendency of the concept of the National program "Health 2020:
Dimension" (for the period 2012-2020 years) in the sphere of healthy nutrition people is to
eliminate the deficit of nutrients, including important micronutrients - vitamins and
minerals. The problem of solving calcium deficiency both in food and in the human body is
of paramount importance.

Physiologists have shown that one of the reasons of calcium metabolism violation in
the background of its deficit, is a low percentage of absorption of macronutrients, since
calcium is one of those nutrients that the body cannot synthesize, and its content in the
natural food sources - is limited. Absorption of calcium depends on its relation with other
nutrients (phosphorus, vitamin D, fatty acids, etc.). Amount of protein in the diet affects on
the assimilability of calcium: with the high-protein diet about 15% of calcium is absorbed,
and at low-protein - only 5%.
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Materials and methods

Therefore, it is necessary to create such food systems , where the maximum amount of
calcium will be associated with protein compounds for better assimilation in body.
Therefore, as a readily available source of protein we have chosen by-products of second
category, in particular cattle rumen (collagen content 62%). However, to increase the
number of functional groups, it was necessary to conduct cattle rumen fermentation.

From the analytical review of the literature due to indexes of collagenases activity
(Table 1) collagenase nutritive produced by close joined-stock company "Bioprohres"
according to industrial standards was selected as the enzyme.

Table 1
Biochemical characterization of enzyme complexes of preparations
Enzyme preparation (Source) Activity
Proteolityc un/g Collagenase un/mg

Protosubtylin G10h (Bacillus subtilis) 400 0,07
Protomegateryn G20H (Bacillus 119 0,09
megaterium)

Pepsin (Mucous membrane of stomach) 30 0,01
Trypsin (pancreas) 240 0,01
Pancreatin (pancreas) 120 0,13
Collagenase nutritive (Kamchatka crab) 125 0,3
Papain(Papaya) 150 0,15

The invention is intended for use in the food industry to produce protein preparations
of collagen II by-products category. The method involves grinding of raw materials and
their processing for loosening the structure. The treatment is carried out with an aqueous
solution of the enzyme preparation collagenase king crab hepatopancreas of 0.05-0.15%
concentration for 4-6 hours at a temperature of 12-17°C at a ratio of raw material: solution
respectively 1: 1, with occasional stirring. The invention provides an improved functional
and technological properties of offal II category for their sustainable use and greater
versatility.

The objective of the invention - improved functional and technological properties of
offal II category for rational use of natural resources and expand the area of their
application.

This is achieved by the fact that to obtain a protein preparation according to the
invention the treatment is conducted with an aqueous solution of collagenase enzyme
preparation of king crab hepatopancreas of a concentration of 0,05-0,15% for 4-6 hours at a
temperature of 12-17°C.

Processing offal category II enzyme preparations hydrolase class of proteolytic
activities which include collagenase, loosens the structure of the collagen fibers and
increases their availability exposed enzyme systems gastrointestinal tract of humans.

In the complex research aimed at the solution of the question about possibility and
feasibility of using collagenase nutrition in meat production technology , in the first place it
is necessary to study the proteolytic activity of the enzyme preparation and the influence on
it such process parameters as pH and temperature.
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It was founded that the activity of collagenase nutrition in proteolysis of caseinate
sodium during fermentation, given the requirements for neutral proteinase (pH 7.0,
temperature 30°C and duration of 10 min) was 288 un / g. Accepted in the experiment pH
range represented interest, as meat pH is 5.6 ... 5.8 and , therefore, the use of collagenase
nutrition for enzymatic proteolysis of meat pH environment is slightly shifted to the acid
side in comparison with an optimum action indicated in the standard. The results are
represented in Figure 1.

Result and discussing

As can be seen from the data in Figure 1, collagenase nutrition activity accounts for
most per zone pH 5.0 ... 7.5, while shifting the pH to slightly acidic zone the preparation
stores 72 ... 90% of the maximum value of its proteolytic activity. It follows that the use of
the preparation for cattle rumen fermentation, slightly acidic environmental conditions
should not significantly affect its activity.

Un/g
300 —
250 :
i DN
200 \\
150 :
5 s \
100 ; :
4 5 6 7 8 9
pH

Figure 1. Dependence of proteolytic activity of collagenase nutrition on the values of
pH (t =30°C, =10 min).

The dependence of the proteolytic activity of collagenase nutrition on the duration of
the process at different values of the ambient temperature measured in the range 0...90°C at
pH 7.0 during 10 min. The data presented in Figure 2.

Accepted in the experiment temperature range was suitable for technological
production process and, thus, allowed to predict the intensity of enzymatic proteolysis of
the protein in a particular technology.

Increase of the ambient temperature to 35°C leads to an increase in enzyme preparation
activity. Further increase in temperature above 45°C causes partial inactivation of the
enzyme preparation; the higher the temperature and longer duration of heat exposure, the
more intensively enzyme preparation inactivates.
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Figure 2. Dependence of proteolytic activity of collagenase nutrition on temperature values (pH
7,0, T = 10min).

To determine the rational mode of enzymatic proteolysis a full factorial design method
was used, followed by mathematical modeling in problem-oriented package MathCad. As a
parameter of optimization amino nitrogen content in the hydrolyzate was selected. Within
the two-factor model experiment, the content of amino nitrogen in the rumen of cattle
hydrolyzate according to the temperature and duration of enzymatic proteolysis was
calculated by equation:

S =-1690,3+10,6-7+55,6-t—4,4-10° -7 ~9,19-10° -t —4,9-10° -1
where S - content of water-soluble hydrolysis products, mg/g protein;

7 - duration of enzymatic proteolysis, s;

t - enzymatic proteolysis temperature,°C.

In the ensuing mathematical modeling the region rational values of the investigated
parameters was defined.

It is known that proteolytic enzymes preparations catalyze the cleavage reaction of
protein molecules with water. However, the introduction of large amount of water to the
rumen of cattle will lead to higher costs in its drying. Justification of the minimum duty
water curve that ensures the efficient conduction of proteolysis was carried out by the
intensity of accumulation of amino nitrogen in the water-soluble fraction of hydrolysates of
cattle rumen at different values of duty water curve. The results are represented in Figure 3.

According to received experimental data for the effective proteolysis of rumen of cattle
sufficient duty water curve is "water: rumen of cattle" - 1:3. Further increase of water
content in the environment does not lead to a significant increase in the degree of
proteolysis.

To ensure the microbiological safety the mixture is heated to (85+1)°C and maintained
for 10 min. Taking into account the data on thermal inactivation of enzyme composition
(Fig. 2), such parameters of heating will provide its full inactivation.
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Figure 3. Content of water-soluble hydrolysis products of cow rumen based
on duty water curve:
1 - enzymatic proteolysis; 2 - endurance in water without fermentation (control).

Enzymatic treatment leads to destructive changes of raw materials, increase of number
of hydrophilic centers, increase of functional groups as a result of rupture of polypeptide
chains, which further will be more accessible for reactions including calcium. However, our
goal was not a complete hydrolyzate of protein molecules to amino acids, we tried to
achieve only partial hydrolysis to increase the number of free functional groups, including
those that are capable of binding calcium.

Processing of cattle rumen was held by 0.05% solution of the enzyme by weight of raw
materials (recommendations of Tolstobokov) at temperature regimes: 2°C (cold chamber),
12°C (in meat processing plants in the shops), 20°C (room temperature ) and 37° and 50°C
(thermostat) for 5 hours.

Proteolysis of protein of collagen containing tissue is observed in all modes, as
evidenced by the accumulation of amino nitrogen. The highest rate of proteolysis of
proteins is observed during the first time, as shown by angle curves from the second
processing time it is reduced. The largest number of amino nitrogen was observed at 37°C
in each period, minimum - at 2°C. So, after 2 hours of fermentation amount of amino
nitrogen in samples that were treated at 37°C increased by 5.8 times at 12°C - 4.5 times, at
2°C - 3 times, further the rate of decay of proteins to peptides and amino acids gradually
decreased. Thus, the most effective fermentation temperature is 37°C.

In conditions of production the support of 37°C entails additional costs for equipment
and energy, which is undesirable in the development of new technologies. Also such
temperature creates optimal conditions for microbial growth. Therefore, temperature 12°C
is more suitable, which is chosen for further studies because it is constantly maintained at a
meat processing enterprises in manufacturing plants, but also increased the concentration of
enzyme to 0.1%.

It is evidently from the graphs, that the treatment with the double number of enzyme
allowed to get after 2 hours such amount of amine oxide, which was achieved at 37°C for 4
hours. Therefore, further treatment of collagen containing raw material was conducted by
collagenase solution in an amount of 0.1% by weight of raw materials at 12°C for 3 hours.
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Figure 4. Diagram of accumulation of amino nitrogen in the processing of the rumen of cattle,
depending on the ambient temperature, °C:
1-2;2-12;3-37;4-50.
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Figure 5. Changes in amino nitrogen content at different concentrations of enzyme preparation

Collaterally, the dynamic changes of content in soluble protein in processing by
collagenase nutrition solution in an amount of 0.05 and 0.1% by weight of raw material.
Water-soluble protein of native form scar cattle equal 0.6%. The results are represented in
Table 2.
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Table 2
Changes in the content of soluble protein by the action of collagenase nutritive

Duration of Water-soluble protein,%
fermentation, | 0.05% by weight of | 0.1% by weight of

h raw raw

1 1,14+0,03 1,72+0,07
2 1,3+0,01 2,04+0,02
3 1,38+0,01 2,17+0,05
4 1,4+0,07 2,26+0,04
5 1,405+0,09 2,3+0,02
6 1,41+0,05 2,32+0,03

The analysis of the received data showed that there is a direct correlation with the
amino nitrogen, that is processes of accumulation of soluble fractions and accumulation of
amino nitrogen are going in parallels. As expected, during the processing by 0.1% solution
of enzyme the amount of soluble protein is higher, moreover, the greatest increase of
soluble protein is observed within the first hour. Since the second hour of fermentation, the
rate of formation of soluble protein decreases and slows down at fourth hour of
fermentation.

Conclusion

1. Analysis of experimental data and also their mathematical treatment, allowed to
justify the use of enzyme preparation - nutritive collagenase to increase functional groups in
the by-products of II category (rumen of cattle).

2. It is shown that the effective concentration of nutritive collagenase during
proteolysis of the cattle rumen is - 0.1% by weight of raw material.

3. It is founded that the maximum proteolytic activity of enzyme preparation - nutritive
collagenase at pH - 5,0-7,5; duty water curve - 1:2; temperature - 25-40°C, proteolysis
duration - 3 hours.

4. It is determined that for cattle rumen fermentation ,aiming at technology efficiency ,
temperature 12°C can be used, which is kept in production facilities meat processing
enterprises, but the duration of proteolysis increases by 1:00.
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Introduction. In Ukraine hops mainly processed into
pellets type 90, which is virtually identical biochemical
indicators of bump hops. The aim of the study was to
determine the complex technological quality assessment of
hop pellets type 90 Ukrainian production and establishing
their competitiveness.

Materials and methods. Used modern physical and
chemical methods for determining quality indicators of
pellet hops and special hops in the industry, including:
high-performance liquid chromatography, gas
chromatography, spectroscopy and mathematical and
statistical variance and using correlation and regression
analysis to assess the reliability of the results of research.

Results and discussion. Determined that the
quantitative and qualitative composition of bitter
substances, essential oils, polyphenolic compounds and
xanthohumol in hops granules Ukrainian production is
stable and meets the nameplate hop varieties, which were
manufactured pellets. Proved that they are in their
characteristics meet world standards, namely granules hop
varieties Clone 18 and Zlato Polesie biochemical and
technological parameters correspond to the characteristics
of the variety Zhatetskyy granules, pellets, made from bitter
variety Alta biochemical indicators correspond Wood
German Magnum varieties and pellet varieties such as
Slavonian and Zagrava the composition and quality of bitter
substances and essential oils greatly exceeding world
analogues.

Conclusions. On of the research shows that the optimal
combination of aromatic and bitter substances in hops cones
Ukrainian selection and high technology equipment for
granulation granules provides excellent brewing quality.
Based on comparative biochemical characteristics of type
90 pellets hops produced in Ukraine and Europe, found the
quality of Ukrainian hop products world level.

—— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 1

51



—— Food technologies ——

Introduction

The main products of the processing of hops that use Ukrainian beer producers are hop
preparations pellets type 90, pellets type 45 enriched lupulinom, izomerated granules,
extracts, ethanol, carbon dioxide, izomerated, reducing, hop oils and emulsions essential
oils [1, 2] .

In Ukraine, mostly processed into hop pellets type 90, which is virtually identical
biochemical indicators of bump hops. The advantage of using hop pellets before bump hops
is that at pollination of pollination of wort improves dispersion, extraction and
isomerization of alpha acids which are granules hops [1, 3, 4]. Granulated hops convenient
to dose both in packaging and during mash pollination. [5, 6]. Save hop their use is around
10%. In addition, the bulk density of granular hop is much smaller than compacted, so
reduced transport and storage costs. Currently, the production line of granulated hops fully
mechanized and computerized [1, 6].

Previous studies of local and foreign scientists [1, 2, 6-12, 15] found that beer made
from hops pellets or other drugs hop breeding of certain varieties vary greatly in nature
bitterness, flavor and aroma. This is due to biochemical feature of bitter variety,
polyphenolic compounds and essential oil of bitter and aromatic hop varieties. Other
components ratio of these compounds differently affects the taste and aroma of beer.
Therefore, the selection of hop pellets, made from varieties with optimal composition of
bitter substances to produce beer with excellent quality and bitterness is an issue relevant to
Brewers Association of America [9.15], European brewers [8] and Ukrainian beer
producers [12].

The aim of the research was to determine the complex technological quality
assessment hop pellets type 90 Ukrainian production and establishing their competitiveness
based on biochemical criteria.

Materials and methods

The research were held in 2012-2014 years at the certified laboratory in the
Department of Biochemistry hops and beer Institute of Polesie Agriculture at National
Academy of Agrarian Sciences of Ukraine and granulating of hop production conditions in
LLC "Hopshtayner Ukraine".

While researching there were used modern international physical and chemical
methods of analysis bitter substances of hops and hop preparations and products of their
transformation in the process of brewing: high performance liquid chromatography,
spectroscopy, and control methods, harmonized methods of European Brewery Convention
[2,9,10].

We studied the quality indicators of hop pellets type 90, selected from granules
relevant parties grades manufactured at the present granulator German company "Probst"
capacity of 500 kg of pellets per hour LLC "Hopshtayner Ukraine."

The weight of average sample identification and biochemical studies was at least 1 kg
pellets of hops. 7-10 studied samples from each class parties pellet hops.

Organoleptic indicators of hop pellets was determined according to the current
standard ISO 7028:2009 Hops pellets. Specifications.

Research Methods of quantity and quality of the bitter substances of hop pellets.
The number of alpha acids - conductometric bitterness index, determined by international
Analytics EBC 7.5. The method is based on conductometric titration diethyl-ether extract of
hops bitter substances lead acetate solution and calculation of the mass fraction of alpha
acids. The content and structure of alpha, beta acids and xanthohumol - HPLC method
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under international methodology EBC 7.7 [2, 5, 11, 12]. The bitter substance of hops, alpha
and beta - acids and their components, including kohumulon, kolupulon and xanthohumol
from hop pellets extracted organic solvent - methanol. The ratio between the weight of hop
granules and extractant was 1:10. Number of alpha and beta acids content and kohumulonu
composed of alpha acids was determined by high performance liquid chromatography.
Chromatography performed using Ultimate 3000 liquid chromatograph with a UV detector
at 35 °C. We used the column size 100 x 2.1 mm, which was filled with sorbent Pinacle DV
C18 3 microns. As the mobile phase used a solution of methanol, water and atsetonitrilu in
the ratio 38:24:38. For the quantitative determination of xanthohumol used standard
benchmark xanthohumol-containing compounds of 99.8% for com-nents of bitter
substances, alpha- and beta acids - the international standard ICF-3.

Research methods quantity and quality of the essential oil of hops. The number of
essential oil was determined by Hynzberh method [2,5]. The method is based on
determining the content of essential oil in cm3 per 100 g air in dry matter by obtaining
essential oil hidrodystylation followed by decanting and collecting it in special traps.

Quality of essential oil was determined by capillary gas-liquid chromatography 50-60
m silica capillary columns to chromatograph "Crystal 2000 M" with PID detector. The
method is fraktsiyuvanni essential oil. The temperature of the thermostat is programmed
from 70 °C to 220 °C with speed 4 °C per minute, followed by aging in isothermal mode
40 minutes. After the chromatograph in optimal mode, sample is introduced hop essential
oil in an amount of 0.1 ul to 0.4 ul. Consumption chromatographic inert gas (argon,
nitrogen, helium) is from 20 cm3 to 30 cm3, hydrogen - 30 cm’ per minute. The
temperature of the sample chamber for introduction of essential oil is 220 °C, and the
detector - 250 °C.

The terms of chromatography are selected in such a way as to ensure the distribution
of the main components of essential oils: mircen, kariofilen, farnezen and humulen.

Results and discussion

Today, Ukraine is a modern company with high-quality processing of hops. Zokre th,
LLC "Hopshtayner Ukraine" is perhaps the best in Europe plant for the production of hop
pellets type 90, which can process 1,600 tones of "green gold" for a season, that is three
times more than now grows all Ukrainian industry. The company, located in Zhytomyr
region on the modern equipment of German firm "Probst" which can produce 500-550 kg
of high-quality pellet hops per hour. The company implemented a quality management
system that meets the requirements of ISO 9001:2009. Since 2008 at the enterprise
launched production of hop pellets by advanced scientists of the Institute of Agricultural
Polissya NAAS technology to optimize moisture granulated hops to 7-8%, allowing us to
improve the biochemical parameters of pellet hops and extend their storage.

We investigated the complex of technological quality assessment hop pellets type 90
manufactured in Ukraine and European countries and the suitability of their use for brewing
considering chemical composition based on the identification of bitter substances,
xanthohumol and essential oil. Research conducted in the laboratory and conditions of
Ukraine breweries.

In the Table 1 and 2, the quality and the criteria by which determined biochemical
assessment pellet hops, namely the number and composition of bitter substances and
essential oils. Biochemical indicators presented as an example of parties of granules with
aromatic high content of resin most widespread in Ukraine varieties of hops Zagrava.
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Table 1
The content and structure of xanthohumol and bitter substances in samples from parties hop
pellets type 90 of Zagrava class

N Quality of hop Sample number of parties pellet hops Average
pellets 1 ) 3 4 5 6 7 8 9 value
1 | Moisture,% 7,8 8,2 7,9 8,3 8,4 7,9 8,2 8,0 7,9 8,1
2 | CPG
(mass fraction of | ¢ o\ s | 69| 63| 64 | 65| 68| 69 | 7.1 6,7
a-acid, method
EBC 7.5)%
3 | Mass fraction of
a-acid, method 6,6 6,4 6,3 5,8 6,0 6,0 6,2 6,4 6,8 6,3
EBC 7.7%
4 | Mass fraction of
B-acid, method 6,8 6,5 6,3 6,8 7,0 6,7 6,0 6,4 6,4 6,5
EBC 7.7%
> | Theratioof B-and |y 61 4 05 | 1,00 | 1,12 | 1,16 | 1,11 | 0,96 | 1,00 | 0,94 | 1,03
a-acids
6 | Kohumulon
composed of 25,1 | 26,2 | 26,3 | 24,8 | 26,8 | 26,3 | 26,2 | 25,5 | 26,7 26,0
a-acids %
7 | Kolupulon
composed of 445 | 44,4 | 453 | 46,1 | 48,2 | 463 | 44,0 | 44,7 | 454 | 454
B - acids%
8 | Xanthohumol,% 0,38 | 0,42 | 0,40 | 0,40 | 0,39 | 0,36 | 0,40 | 0,42 | 0,39 0,40
9 | Oxidation Index
of bitter 0,33 10,28 | 0,31 | 0,35 | 0,31 [ 037]032]034|032] 033
substances
(aging index)

From the data analysis presented table we see that party hop pellets are stable and
moisture content of alpha acids. The content of alpha acids in the grade Zagrava ranges
from 6.3% to 7.1%. Given the fact that this sort of hop granules large proportion of beta
acids in the overall index bitterness of hops, with its normalization in the technological
instructions for brewing beer bitterness was somewhat excessive, which enables
standardization of hop pellets of the variety of its economy to 10 %, having the wonderful
taste of beer.

From the data analysis presented at the table we see that party hop pellets are stable
and moisture content of alpha acids too. The content of alpha acids in granules Zagrava
variety ranges from 6.3% to 7.1%. Given the fact that this sort of hop granules large
proportion of beta acids in the overall index bitterness of hops, with its normalization in the
technological instructions for brewing beer bitterness was somewhat excessive, which
enables standardization of hop pellets of the variety of its economy to 10 %, having the
wonderful taste of beer.

The content of essential oil (Table. 2) hop in granules ranges from 2.0 to 2.5%
essential oil represented kariofilenom, humulenom and farnezenom a relatively small
number mirtsen, which makes obtaining beer with a subtle hop aroma and high taste.
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Table 2
The content and composition of essential oil samples from parties hop pellets type 90
of Zagrava variety

Quality of Sample number of parties pellet hops Average

hop pellets 1 2 3 4 5 6 7 8 9 value

1 | Essential oil,

o 21125 (22 (241|201 2225|2425 2,3

2 | The
composition
of essential
0il, %,
including
- mirtsen 36,3 | 38,2 | 38,9 | 35,7 | 36,4 | 36,2 | 35,5 | 37,7 | 36,1 36,7
-kariofilen 62 | 6,0 | 6,4 | 6,6 | 65| 68 | 6,8 | 69 | 6,1 6,4
- farnezen 12,3122 (12,8 | 12,4 | 12,2 | 12,7 | 12,7 | 12,1 | 13,1 12,5
- humulen 16,3 | 153|159 | 16,7 | 16,2 | 16,8 | 16,7 | 17,3 | 16,5 16,4

Content ratio of beta to alpha acids is 0,92-1,16, and the quantity and composition of
essential oil indicate a high technological assessment pellet hops of the variety.

As a result of the studies was defined a comprehensive biochemical assessment of hop
pellets type 90, made from Ukrainian and foreign hop varieties, characteristics are given in
Table 3.

The research of biochemical composition of cones and hop pellets world's best
aromatic varieties: Clone 18 (Ukraine) Zhatetskyy (Czech Republic), Lublin (Poland) and
other varieties of hop pellets, which are used in breweries Ukraine showed that subtly
aromatic type and aromatic varieties of hops and granules made of them, the amount of
bitter substances range from 14 to 27%. The main pricing factors are content in granules
hop alpha acids. They are in these sorts - 3-8%, which is 25-30% of bitter substances.

A characteristic feature of these varieties is that, along with a high content of bitter
substances, especially in granules varieties Slavyanka and National, is a significant
advantage in resin particle beta particle acids over alpha acids. That is why, they have kept
a positive factor aromaticity content between beta and alpha acids, which is more than 1.

This is one of the key features when assessing the quality of brewing hops and pellets.
Beta acids are not bitter in taste, but in the process of pollination wort produced compounds
which have a pleasant, mild bitterness. One of the main properties of beta acids is high
antiseptic effect, it is important to improve the stability of beer during storage.

Also, the main criteria for allocating grade to a particular type is quantitative and
qualitative composition of bitter substances, essential oils and xanthohumol, that
classification is carried out by the varietal characteristics. Mass fraction kohumulon
composed of alpha acids according to scientists in Germany, the Czech Republic, the
United States, Slovenia and brewers specialists to finely aromatic varieties should not
exceed 30. aromatic hop varieties Ukrainian selection of high-quality warehouse bitter
substances combined with a delicate aroma characteristic best European varieties such as
Clone 18 Zhatetskyy Lublin.
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Table 3
Biochemical parameters of hop pellets type 90 of domestic production
(average data for 2012-2014 years)
Content
Content of Content Kohumulon | Kolupulon
Pellets of hops Of. B-acids blo, of . in content | in content
N . P a-acids, o EBC | essential . .
varieties ISO %o 77 oil of a-acids of B-acids
%, EBC o, ’ % %
7.7
Pellets of subtly aromatic type of hops
1 | Clone-18 4,3 4,6 1,24 0,35 26,8 42,1
(Ukraine)
2 | Zhatetskyy 3,5 39 1,22 0,33 243 42,3
(Czech Republic)
3 | Lublin 5,7 4,5 0,87 0,28 26,8 47,1
(Poland)
4 | Slavyanka 5,6 7,0 1,37 1,12 25,6 47.7
(Ukraine)
5 | National 6,8 7,3 1,17 0,87 22,7 45,5
(Ukraine)
Pellets of aromatic type of hop
6 | Zagrava 6,7 6,3 1,03 2,3 26,0 45,4
(Ukraine)
7 | Haidamak 3,8 4,0 1,31 0,65 29,7 50,7
(Ukraine)
Pellets of bitter type of hop
8 | Poleskyi 9,0 3,8 0,48 1,27 28,3 45,8
(Ukraine)
9 | Nortern Breter 9,8 4,5 0,52 1,12 27,7 45,7
(United
Kingdom)
10 | Anbra 12,6 4,5 0,52 1,51 25,8 44,9
(Ukraine)
11 | Magnum 14,3 7,0 0,55 1,81 28,2 44,8
(Germany)

Particularly high quality brewery is subtly aromatic with a high content of hop resin
grade Slavyanka (see Table. 3). In this sort contains a large amount of bitter substances and
the best ratio of beta to alpha acids. This pattern persists for many years and is a varietal
feature. The ratio between the beta and alpha acids, the number and the unique composition
of bitter substances and essential oils in combination with other components of the class
describe granules as particularly valuable form subtly aromatic hops for brewing. Beer
made from granules Slavyanka variety has high taste. It is characterized by light and
delicate bitterness. In conducting tastings with leading specialists of PJSC "Obolon",
company "Ukrpivo" and other breweries in Ukraine, beer made from hops pellets varieties
Slavyanka repeatedly received the grade "excellent".

These properties are granules National hop varieties. For this variety is typical in most
high fine aromatic group alpha-acids and rather steady ratio between alpha and beta acids.
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It has an extremely low content of 20-23% kohumulon composed of alpha acids have
varietal basis. Essential oils are a number farnezen. This combination of aromatic and bitter
substances in hops cones defines different breweries as granules of variety. They have good
value (more than 1) between the number of beta and alpha acids, which is observed in the
best varieties of the world collection. The combination of such bitter compounds, essential
oil makes it possible to obtain excellent quality beer bitterness. High score tasting beer hops
pellets variety Clone 18 showed that it has a delicate hop aroma and good taste.

Analysis of hop pellets produced in Ukraine and hop countries of Europe shows that
Ukrainian varieties in the technological assessment not inferior to foreign, but in many
ways superior to them. Comparing the characteristics of hop pellets Clone grade 18 and
grade Zhatetskyy (tab. 4), we see that for these varieties typical of almost the same content
of bitter substances. Both sorts amount of beta acids than alpha-acids that remains positive
factor of aromaticity. Essential oils in these sorts is bout f 1%. The essential oil presented
kariofilenom, humulenom and farnezenom.

Table 4
Comparative characteristics of fine granules of aromatic varieties of hops
Clone 18 and Zhatetskyy
Hop variety
Quality indicators Clone 18 Zhatetskyy
(Ukraine) (Czech Republic)

Bitter substances, % 12-18 13-20
Alpha acids, % 2,5-5,0 3,0-5,5
Beta acids, % 2,5-5,5 3,5-6,5
Kohumulon, %
(consisting of alpha acids) 24-28 23-27
Kolupulon, %
(in the beta acids) 40-44 39-45
General polyphenols, % 3,0-5,5 4,0-5,0
Xanthohumol ,% 0,4-0,5 0,3-0,5
Essential oil,% 0,3-0,5 0,3-0,6

Mircen, % 20-30 25-40

Kariofilen, % 8-12 6-9

Humulen, % 25-35 15-25

Farnezen, % 15-20 14-20

Pellet of bitter hop varieties are characterized by a sharp flavor and a high content of
alpha acids. Number beta acids is much lower than the aromatic hops.

The pellet of bitter variety Poleski are similar in indicators to the famous British
variety Nortern Brever. These varieties are similar in number and composition of bitter
substances, essential oils, polyphenols and xanthohumol. We can recommend them for
independent use in brewing, and in combination with aromatic varieties.

High grade resin Alta criteria is similar to the famous German variety Magnum, whose
products are in demand by brewers, but has a little less bitter substances. Self granules
using bitter hops Magnum type and Alta can not give bitter beer of excellent quality. These
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varieties suitable for the production of processing hops. You can recommend their use in
combination with aromatic varieties, while respecting the specific technology.

Table 5
Comparative characteristic bitter varieties of hops Alta and Magnum
Hop variety
Quality indicators Alta Magnum

(Ukraine) (Germany)
Alpha acids, % 9,0-13,5 11,0-16,0
Beta-acids, % 4,0-5,5 5,0-7,0
Kohumulon, % (consisting of alpha acids) 23-29 21-29
General polyphenols, % 3,0-4,0 2,0-3,0
Xanthohumol, % 0,4-0,5 0,4-0,5
Essential oil, % 1,5-1,8 1,6-2,6

As a result of research based on comparative biochemical assessment installed
competitiveness of hop pellets type 90 Ukrainian production of granules hops type 90
manufactured in Europe. Proved that Ukrainian products from hops by its characteristics
correspond to international standards.

Conclusion

1. Quantitative and qualitative composition of the content of bitter substances,
essential oils, polyphenolic compounds and xanthohumol in hops granules Ukrainian
production is stable and meets the nameplate hop varieties, which were manufactured
pellets.

2. Hop pellets type 90 aromatic and bitter varieties biochemical and technological
parameters meet ISO 7028:2009 Wood hop specifications.

3. Its characteristics hops Ukrainian products meet world standards, namely granules
hop varieties Clone 18 and Zlato Polesie biochemical and technological parameters
correspond to the characteristics of the variety Zhatetskyy Czech granules, pellets, made
from bitter variety Alta biochemical indicators correspond Wood German Magnum
varieties and pellet varieties such as Slavonian and Zagrava the composition and quality of
bitter substances and essential oils greatly exceeding world analogues and is unique.

4. The optimum combination of aromatic and bitter substances in hops cones
Ukrainian selection and high technology equipment for granulation granules provides
excellent brewing quality. Based on comparative biochemical characteristics of type 90
pellets hops produced in Ukraine and Europe, found the quality of Ukrainian hops products
is equal to international standards.
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Introduction. The processes of structure formation in
emulsion-type sauces using phyto- and oil carotene containing
semi-finished product - a mixture fine powders of spicy-aromatic
and carotene containing raw materials and oil in the environment.
The prospect of using the technology developed semi low-calorie
sauces emulsion type is the manifestation of surface-active
properties of said plant material.

Material and methods. Structural and mechanical properties
of the finished sauce was studied using a rheometer AR 2000ex.
Forms of communication research in water samples sauces
determined on derivatograph Q -1500D. Emulsifying properties
of powders spicy-aromatic and carotene containing materials
described by phase inversion points.

Results and discussion. Due to the content of
polysaccharides and essential oils, crushed and dried raw of
spicy-aromatic and carotene containing able to create stable
colloidal systems - emulsion type oil in water. Research
emulsifying ability and fine powders of spicy-aromatic and
carotene containing raw materials in emulsion oil in water
showed that the emulsifying ability parsley powder is 16% and
36%, which is higher than the powder with dill and carotene
containing raw materials respectively.

A determination of rheological properties depending on the
concentration sauces phyto- and oil carotene containing semi-
finished product. Ready sauce with a mass fraction phyto- and
oil carotene containing semi-finished product 30% shear rate of
200 s has an effective viscosity in the range of 22-50 Pa - s,
which is optimal for the type of emulsion sauces.

Value Relations moisture in the form of emulsion-type
sauces approaching the optimal concentration phyto- and oil
carotene containing semi-finished product 30% by weight of the
sauce. Thus there is a stronger binding moisture promotes
aggregative stability system prevents their separation.

Conclusions. Sauces emulsion type, made on the basis of the
developed intermediate product, have optimal rheological
parameters. We can recommend phyto- and oil carotene
containing semi-finished product for sauces emulsion type of high
nutritional value without the use of additional emulsifiers,
structure-synthetic nature.
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Introduction

Expanding a range of the restaurant products and creating a competitive product to the
market that corresponds to the concept of healthy food deal with the use of new raw
materials and development of new technologies.

Creating a new product in the segment of universal dishes such as dressings, sauces,
broths, bases and semi-finished products of widespread use is rational in restaurant
business. The interest of the population in low-calorie sauces and dressings is growing in
recent years due to the popularization of healthy diet. The main advantages of such sauces
of the emulsion type are their high digestibility, low calorie and versatility that are useful
for the consumer and convenient in the technological process of the restaurant production.

Taking this into account, scientific work is conducted on the development of sauces of
the emulsion type that include a wide range of spicy-aromatic and carotene containing raw
materials at the Department of Molecular and Avant-garde Gastronomy of National
University of Food Technologies. A universal phyto- and oil carotene containing semi-
finished product (PhOCSP) as a suspension of the finely dispersed powders of spicy-
aromatic and carotene containing raw materials in the oil has been developed to unify the
technological process of the production of suggested sauces in terms of the restaurant
institutions (Arsenieva L., Dotsenko V., Havrysh A., Liavynets G. (2013), Pat. UKR
u201301755).

Material and methods

Powder from spicy-aromatic and carotene containing raw materials, sauces of the
emulsion type of higher nutritional value with different mass content of moisture and
concentration of PhOCSP were objects at various stages of the research.

Emulsifying ability of the powders of spicy-aromatic and carotene containing raw
materials was characterized by method, defining the point of phase inversion. For this
purpose, 10 ml suspension was poured into 100 ml glass, then using divisible burette oil
was added at a speed of 70...80 drops per minute until the time of phase inversion, which
is the transition of the emulsion “water/oil” in the emulsion “oil/water”. The emulsion
type was determined by dilution. The volume of water used from the burette was
consistent to the point of phase inversion.

The rheometer of the model AR 2000ex was used to determine the structural and
mechanical properties (effective viscosity, shear rate, shear stress) of sauces of the
emulsion type.

The study of the forms of moisture linking in sauces was performed using the
derivatograph of the model Q — 1500D.

Results and discussion

The analysis of the chemical composition of the finely dispersed powders of spicy-
aromatic and carotene containing raw materials (Fig. 1) affords ground to formulate a
scientific hypothesis, according to which dried herb raw material detects surface-active
properties because it contains substances with hydrophilic active (polysaccharides) and
hydrophobic (essential oils) groups. In other words, to create the emulsion of oil in water
type, dried herb raw material with some dispersion can act as an emulsifier and stabilizer.
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Figure 1. Chemical composition of the powders of spicy-aromatic and carotene containing raw
materials

The scheme of the hypothetical expression of the surface-active properties of the
finely dispersed spicy-aromatic and carotene containing raw materials is shown in Fig. 2.

Suggested continued drying of the plant raw materials at the temperature mode
30...35 °C enables to keep the substances with hydrophobic groups (essential oils, phenol
compounds) inside the porous-capillary structure (Fig. 2 I).

Grinding the raw materials to the dispersion 7...20 mm increases the contact area with
the dispersed environment and the number of active centres of the hydrophobic linkages
and a small mass of the particles enables to create sedimentative stable structured systems
(Fig. 2 II).

Using the described methods the suspension has been obtained that consists of the
disperse phase (30 % of total mass) — finely dispersed powders of spicy-aromatic and
carotene containing raw materials and dispersion medium (70 % of total mass) — oil. Water
binding by the powder particles appears when adding water to PhOCSP, the absorption
process is accompanied by swelling and recovery. Thus, the powder of the plant raw
materials holds water and oil preventing from the stratification of the system (Fig. 2 III).

The suggested scientific hypothesis and the established scheme are experimentally
confirmed by the results of determining the emulsifying ability of the plant powders (Fig.
3), the rheological properties (Fig. 4 and 5) and the forms of moisture linking in sauces of
the emulsion type using them as part of PhOCSP (Fig. 6).
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Figure 3. Emulsifying ability of the powders of spicy-aromatic and carotene
containing raw materials

As shown in Fig. 3, parsley shows the highest emulsifying ability (EA) — 35 % in
comparison with other testing samples, dill and basil have lower rates of the emulsifying
ability — 30 and 28 % respectively. Carotene containing raw material has lower indicators
of EA in comparison with the spicy-aromatic raw material: for pumpkin — 26 %, for carrot
- 25 %.

It is obviously due to the fact that parsley contains more essential oils that contain
hydrophobic groups COOH in comparison with other spicy-aromatic raw materials. EA of
the carotene containing raw materials is primarily associated with the capillary-porous
structure and protein content in it.

Thus, the results of the studies demonstrate the feasibility of using dried spicy-
aromatic and carotene containing raw materials in the production of sauces of the emulsion
type that are the emulsions of “oil in water” type.

Complete information on the structural and mechanical properties of sauces is
provided by the curve of effective viscosity and flow. Scientists O. Davidova [2]
A. Ziolkovska [3] found out that effective viscosity at shear rate 200 s™ is within 22...50
Pa‘s for the studied systems (sauces) [4]. Therefore during the development of new sauces
of the emulsion type it is necessary to achieve exactly these intervals of the indicator values
of structural and mechanical properties that provide appropriate texture such as
homogeneity, toughness.

In accordance with the objectives of the research the first series of the experiments is
conducted determining the structural and mechanical properties of the finished sauces
depending on the mass fraction of PhOCSP from the total weight of the sauce.

Shown in Fig. 4 the flow curves for all kinds of sauces enable to be attributed to the
non-Newtonian fluids, in which there is disproportionate relationship between shear rate
and shear stress. All studied samples are slowly leaking after the application of shear stress,
and with further increase of the speed there is a disproportionate increase of shear stress
that can be explained by the presence of suspended solid powder particles of the plant raw
materials in sauces causing uneven flow fluidity. Fig. 3 shows that sauce samples with
higher concentration have higher indicators of shear stress at the same shear rates.
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Figure 4. Curves of sauce fluidity depending on the concentration of PhOCSP
& 1 —sauce with the mass fraction of PhOCSP 60 %

2 — sauce with the mass fraction of PhOCSP 50 %

3 — sauce with the mass fraction of PhnOCSP 40 %

4 — sauce with the mass fraction of PhOCSP 30 %
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As shown in the rheological curves (Fig. 4) finished sauce with the mass fraction of
PhOCSP 30 % at shear rate 200 s has the values of the effective viscosity within 22-50
Pa-s that is an optimal indicator for sauces of the emulsion type [2, 3]. Therefore further
studies were carried out with sauces and concentration of PhOCSP 30 %.

The values of effective viscosity of sauces increase by increasing the concentration of
PhOCSP. It can be explained by the fact that increasing the content of PhnOCSP the content
of polysaccharides increase too, and their macromolecules interact and form associates
hindering the flow, so it is necessary to make greater shear stress.

Stabilizing properties of the finely dispersed powders of spicy-aromatic and carotene
containing raw materials depend on the ability to bind moisture in the finished sauces. The
forms of moisture linking were determined by the thermogravimetric method. The studies
were conducted with the sauce samples with moisture content 50 %, 70 % and 90 %. 20 %
were chosen for a visual comparison of the research results. During the analysis of
thermograms their division was observed into four ranges with different temperature
intervals that correspond to different binding energy — Fig. 6.
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Figure 5. Curve of shear stress to determine resistance to destruction depending on the
concentration of PhOCSP
& | —sauce with the mass fraction of PhOCSP 60 %
m 2 —sauce with the mass fraction of PhOCSP 50 %
@® 3 —sauce with the mass fraction of PhOCSP 40 %
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Figure 6. Piecewise and linear function of removal of free and bound moisture in sauce of
emulsion type with 30% of phocsp
I — adsorption of the molecular layers; II — osmotically bound moisture;
IIT — adsorption of the polymolecular layers; IV — mechanically bound moisture.
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As shown in Fig. 6, the least rapid removal of moisture is observed in the temperature
range I and that is from 20 to 110 °C (the peak is observed at 97 °C). This range
corresponds to the removal of free moisture provided by physical and mechanical ties —
moisture of macro- and microcapillary.

The second period is observed in the temperature range 110...140 °C (the peak is at
144 °C), the speed of moisture removal increases. This range is characterized by the
endothermic effect. This bound moisture is likely to be osmotically bound.

The main condition for osmotic moisture binding is selective diffusion of water
through a semipermeable membrane of osmotic cells. Osmotic cells can be micelles of the
classic colloidal particles or associates of macromolecular compounds. Macromolecular
compounds form membranes available to the penetration of water molecules and
impermeable to macromolecular fractions. Diffuse infiltration of water molecules to the
internal structure of the biopolymer enables the change of entropy.

III temperature range is typical for the temperature range from 140 to 200 °C (the peak
is for the temperature range 192...214 °C) and is characterized by the exothermic effect and
the change of the speed of moisture removal. It is also bound moisture but adsorption as
mono- and polymolecular layers.

The temperature range 200...240 °C is the fourth period in which chemically bound
moisture is removed [5].

The maximum peak of the endothermic effect is observed at 113 °C. The results are
presented in the table.

Table
Number of free and bound moisture in sauces using PhOCSP
. . . Adsorption o
Concentration . Osmotically| Adsorption . Activation
Mechanically . moisture of
of PhOCSP, bound bound moisture of the the energy of
% to the sauce . o, | moisture, | polymolecular water
. moisture, % o o molecular
weight %o layers, % | o J/mol
ayers, %
50 5,13 82,05 6,84 5,98 56,7
30 4,26 87,94 5,67 2,13 38,7
10 4,57 89,61 5,08 0,74 70,25

The analysis of thermograms has showed that the amount of free moisture in sauce
with the concentration of 30 % is less than the number in the sauce sample with 10 % of
PhOCSP.

Thus in the process of the sauce structure formation by adding PhOCSP with the
amount of 30 % to the sauce weight there is stronger moisture binding that enables to
increase aggregate stability of the systems. It keeps moisture content in the finished sauce
and prevents stratification.

Thus, based on the complex studies a scientific hypothesis of the work about the
manifestation of the surface-active properties of the finely dispersed spicy-aromatic and
carotene containing raw materials in the “oil in water” emulsion which helps to ensure a
stable system is proven.
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Conclusions

A scientific hypothesis of the work about the manifestation of the surface-active
properties of the finely dispersed spicy-aromatic and carotene containing raw
materials in the “oil in water” emulsion is experimentally proven.

Emulsifying ability of the powders of spicy-aromatic and carotene containing raw
materials has been researched. It is shown that due to the high content of essential oils
in powders from parsley and dill such raw materials have the highest index value
among the studied samples.

Structural and mechanical characteristics of sauces depending on the concentration of
PhOCSP are determined. It is shown that the investigated samples of sauces
according to the type of their structure are related to non-Newtonian fluids, in which
there is disproportionate relationship between shear rate and shear stress. Increasing
the concentration of PhOCSP contributes to the values of the effective viscosity of
sauces. A sauce sample with the concentration of PhOCSP 30 % to the sauce weight
has been selected as optimal in terms of stress shear and effective viscosity.

The forms of moisture linking in sauces are determined by the thermogravimetric
method. It is shown that by adding PhOCSP 30 % to the sauce weight stronger
moisture linking is observed in it that increases aggregate stability system, prevents
disintegration.
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Introduction. The purpose of this work is scientific reasoning
of influence protein-mineral additive (PMA) on functional and
technological properties of forcemeat and mince meat products.

Materials and methods. Materials of research were natural
and cutlet stuffing, mince meat products made by traditional
technology (control samples) and by using the PMA (test samples).
Research of wet holding ability (WHA) of minced meat samples
with PMA were conducted by pressing. The kinetics of the heat
treatment temperature of mince meat semi-finished products from
natural and cutlet stuffing made by using PMA was fixed using a
thermocouple introduced into the product.

Results and discussion. Developed resource-saving
technology PMA based on the secondary raw which containing
collagen in meat industry — pigskin. PMA should be used in an
amount of 7,5% (in powder form) by weight of raw meat in meat
products to enrich product bioorganic compounds of calcium.
DBM affect the technological properties of minced meat
semifinished. Increasing WHA of mince meat is 10..19% if
adding to their stock 1...10% PMA. For content additions of 1 to
10% marginal difference WHA of PMA samples and test samples
is about 5%. Increasing WHA of stuffing while adding additives or
PMA or test additive is associated with high hydratation properties
of collagen hydrolyzate, and the best wet holding effect of PMA
caused by the interaction of miofibrillar proteins in meat tissue
with compounds of calcium supplements. Researching of the
kinetics of temperature of products from natural chopped mass and
cutlet stuffing during heat treatment showed that the addition of
2,5...10% PMA reduces the time of achievement a readiness state
of culinary products made from natural minced 2,8...11,5% and
products from cutlet weight 5,5...17,5%, which is achieved by
increasing humidity and temperature conductivity of PMA. It is
proved that the use of 10% PMA as part of products consisting of
natural mince and cutlet mass helps increase the output by 9,3 and
8,8% respectively.

Conclusions. Adding protein-mineral additives to the mince
meat systems allows to enrich their of digestible calcium
compounds in the required amount, reduce the duration of the heat
treatment of semi finished and adjust yield of the finished product.
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Introduction

Reducing consumption of organic food poor quality of industrially produced products
including meat leading to a deficiency in essential vitamins, minerals, biologically active
food components. This may cause disruption of the functional state of the human body [1-
4]. With the expansion using in technologies of meat products additional functional
ingredients of low nutritional value, increased availability and popularity of such products
among consumers becomes more acute problem of calcium deficiency. Meat products are
much richer in phosphorus limiting calcium digestion [5-7]. The actual problem is to find
new solutions to improve the nutritional value of meat products of mass consumption, in
particular to optimize their mineral composition.

Often as part of meat products there use technology imported raw meat and a large
number of different additives with high wet and fat holding ability resolution that does not
contain some kind of health components. This only exacerbates the shortage of calcium and
magnesium in the diet. The use of food additives in the meat industry primarily aimed at
improving the organoleptic characteristics and providing technological properties specified
raw materials and finished products to improve the profitability of production [8-11].

Scientists proved that an important source of bioorganic calcium, unique in its chemical
composition is bone raw which containing large amounts of protein, fat, minerals. There are
a number of technologies to create calcium supplements by the impact of technological
factors on nutritional bone: a concentrate of fish waste from processing of salmon,
biotechnology complex protein-mineral additives with pork legs [12, 13].

Experts from Kharkiv State University of Food Technology and Trade developed food
semi finished bone (FSB) and mineral composition of protein and fat (MCPF), which were
used as calcium additives in technology paste products, mince meat products [14].

The authors Martina Vavrusova, Leif H. Skibsted investigated the dynamic aspects of
calcium speciation throughout digestion, and not only in the intestines, will also allow for
better calcium fortification strategies to ensure optimized calcium bioavailability [15].

The authors Lina Zhao, Xixi Cai, Shunli Huang, Shaoyun Wang, Yifan Huang, Jing
Hong, Pingfan Rao were investigated characteristics chelate Tyr-Asp-Thr-Ca, indicating
that the major binding sites included oxygen atom of the carbonyl group and nitrogen of
amino group or imino group; structural modifications of the peptide arose with the addition
of calcium ion. The findings suggest the potential of peptide-calcium chelates as dietary
supplements [16].

Also, scientists considered Calcium supplements as source of trace elements: Adequacy
and safety of supplements with vitamin C, vitamin D and phosphate formulations.
Instrumental neutron activation analysis and atomic absorption spectrometry were used to
quantify trace elements in different national and multinational Ca supplements categorized
on the basis of Ca with vitamin D, vitamin C and phosphate formulations. The supplements
were found to contain low levels of Co, Cr and Cu with elevated amounts of Fe, K and Na
[17].

Scientists conducted analysis of dietary supplements with a hand-held XRF analyzer.
Each dietary supplement contained less than the reported amounts of the expected element
and several of the supplements contained additional elements [18].

However, in these technologies remains a difficult issue rationing qualitative
characteristics of the final product. This is due to sharp and volatile raw material
characteristics depending on the season, breed and sex of slaughtered animals, its diet,
leading to fluctuations in calcium, complicates the prediction of chemical composition,
required constant monitoring is calcium content in the finished product. Therefore, it is
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necessary to further an objective search for new sources of bioorganic compounds of
calcium and development of health supplements based on these technologies for use in the
production of health areas.

Materials and methods

Research materials:

- Protein-mineral addition (PMA), that is stable complex of pigskin collagen and
minerals (calcium, magnesium);

- Natural and cutlet stuffing, mince meat products products made by traditional
technology;

- Natural and cutlet stuffing, mince meat products made with using PMA in the amount
of 2,5...10% relative to the mass of raw meat (samples).

To study the wet holding ability (WHA) developed minced meat samples were studied
model using natural minced 1...16% PMA (by dry additive), while test samples were
natural stuffing using the same amount of hydrolyzed dried pig skin, unenriched bioorganic
calcium. These amounts of additives and the reference sample to compare selected for more
detailed study of the effect not only of collagen fibers, but also calcium contained in the
additive on WHA developed product samples. WHA of model stuffing meat using PMA
determined by pressing metod. The method consists in identifying areas of wet spots that
leaves a sample of stuffing on ashless filter after exposure to it a mass of 1000 g for 10x60
seconds.

Mass fraction of bound moisture in the sample (wet holding abiity) was calculated using
the formula:
x;=(M-84 xS8) x100/ my,

x; —mass fraction of bound moisture in minced meat,% by weight of the sample;
M — total moisture content in a sample, mg;

8,4 — moisture content of 1 cm?® wet spots, mg;

S — area of wet spots cmz;

my— sample weight, mg.

To investigate the cooking time to achieve readiness model used samples of mince
meat products from natural split and cutlet weight of 2,5...10% PMA with respect to raw
meat, test samples were made by traditional technology.

The study was carried out on an experimental setup consisting of infrared device
KATOHP-0,02, automatic recording potentiometer KSP-4, thermoelectric converter with
open chromel-copel thermocouple imposed on steel needles (Fig. 1). The temperature
inside the working chamber 240...260°C. State of culinary readiness fixed at a temperature
in the bulk product 85°C.
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Fig. 1. Experimental setup for studying the kinetics of the heat treatment temperature products
1 — IR device KATOHP-0,02; 2 — automatic recording potentiometer KSP-4, coupled with a
thermoelectric converter; 3 — measuring kit; 4 — thermocouple;

5 — sample product

Results and discussion

To enrich the diet with essential nutrients, such as calcium bioorganic, and to correct
the chemical composition of meat we scientifically substantiated and develop technology of
protein-mineral additives (PMA), which has found use in mince meat products that provide
increasing digestible calcium content in the final product. PMA is stable complex of
pigskin collagen and minerals (calcium, magnesium), providing their metabolic activity.
The basis of the process of obtaining PMA assigned process of charged ions bind
magnesium and calcium with magnesium chloride (MgCl,) and calcium chloride (CaCl,)
previously prepared raw materials which contains collagen (pork skin), followed by
removal of excess unbound protein-calcium treatment method with sodium carbonate and
citric acid. PMA produced in two forms: dry powder with a moisture content less than 10%
and humid in the form of a homogeneous paste-like mass with moisture content up to 75%.
The additive is a pale cream color,no smell with neutral taste.

Research has established that the most appropriate addition of the PMA in mince meat
products is not exceeding 7,5% (in powder form) by mass of meat raw at the stage of
mixing prescription ingredients. This does not change the traditional production process of
obtaining mince meat products known to consumers. The use of the products made by the
developed technology provides 30...50% of daily physiological need for digestible calcium
[19, 20].

Practical value is to study the effect of PMA on wet holding ability (WHA) of model
mince meat systems and research of temperature kinetic with the additive. These
characteristics are an important aspect of a given output of finished products and achieving
economic efficiency of manufacture.

Often during the production of meat products is increasing WHA by adding
components of carbohydrate origin, which reduces the overall biological and nutritional
value of the finished product, adversely affect its organoleptic properties and quality.

On this occasion, we conducted a series of studies to determine the impact WHA on
PMA of model (natural) minced meat. The studies presented in Fig. 2.
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Fig. 2. Wet holding ability of model (natural) minced meat
1 — minced meat of PMA; 2 — control (minced meat containing additive hydrolyzed with
pigskin, unenriched calcium)

The data shows that the addition of previously restored PMA into the ground meat in
quantities of 1...16% (by dry PMA) leads to an increase WHA 10...19%. Also, in terms of
content additions of 10% in value of WHA in samples of PMA and control (stuffing with
hydrolyzed dried pork skin) are identical within error. For content additions of 1 to 10%
marginal difference WHA of PMA samples and samples from control is about 5%. Increase
WHA ground meat by adding additives or PMA control is associated with high hydratation
properties of collagen hydrolyzate. However, a significant improvement WHA mince meat
by using PMA also due to the interaction of miofibrillar proteins of meat tissue with
compounds of calcium PMA (both mineral and in proteins holding condition) that provides
formation of complexs which are able to wet holding ability.

Chemical composition, including moisture content, are a key factor in the change in
temperature of food products and semi-finished products during heat treatment. Kinetics of
temperature heat treatment of food is one of the important parameters that determine
economic efficiency, affecting achieving culinary product availability, and hence the index
of energy use. Therefore, with the change of the component composition of meat split
products, such as in the case of PMA, it is necessary to study the kinetics of temperature
cooked of the product model samples.

The results of studies of temperature change samples of products from the addition and
control samples produced without the use of additives, heat treatment is shown in Fig. 3 and
4.
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Fig. 3. Kinetics of the internal temperature of the natural stuffing heat treatment
1 — Control, 2 —2,5% PMA, 3 — 5% PMA, 4 —7,5% PMA, 5 — 10% PMA
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Fig. 4. Kinetics of the internal temperature of the stuffing cutlet heat treatment:
1 — Control, 2 — 2,5% PMA, 3 — 5% PMA, 4 - 7,5% PMA, 5 - 10% PMA
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Analyzing the data presented in Fig. 3 and 4, it is important to note dependency —
reducing heat treatment time of increasing of PMA in the product. The study of the kinetics
of temperature products from natural chopped mass and mince cutlet mass discovered that
the addition of 2,5 ... 10% PMA reduces time to reach the state of preparedness of culinary
products made of natural minced 2,8 ... 11,5% and products cutlet mass 5,5 ... 17,5%.

Arguably, this is caused by an increase wet holding ability, and as a result, decrease the
density of samples of meat products by adding PMA, thereby increasing temperature
conductivity of thermal food system is warming faster.

Thus, the use of PMA in the technology of the mince meat products contributes to the
intensification of the process of heat treatment, increase economic efficiency by reducing
energy consumption.

In addition, increased wet holding ability in mince meat systems by adding PMA can
positively affect the output of the finished product. Therefore, the output was investigated
after heat treatment developed mince meat products, the results shown in Table 1.

Table 1
Output after heat treatment of the finished mince meat products,
produced by traditional technology and using PMA
Name of sample Output steak,% Output burgers,%
Control 70,4+0,8 78,0+0,9
Products with 2.5% PMA 73,0+0,8 80,1+1,0
Products from 5% PMA 75,2+0,8 82,2+1,0
Products from 7.5% PMA 77,5+0,9 84,6+1,0
Products with 10% PMA 79,7+0,9 86,8+1,1

It was determined increase the yield of finished products using PMA. It was established
that the use of 10% PMA products consisting of natural stuffing and cutlet mass helps
increase the output by 9,3% and 8,8% respectively. This positive effect on the organoleptic
properties of the product, including providing consistency tenderness, juiciness, and
improves economic performance of the proposed technology. Higher output of cutlet
samples compared with steak due to the presence in the recipe cutlet weight filler — bread,
starch which is capable of binding to the additional moisture released by thermal processing
semi-finished products.

Conclusions

1.  Asaresult of experimental work was based scientifically and developed technology of
protein-mineral supplements that contain digestible calcium compounds. It was found
feasibility of its use in the production of mince meat products recreational purposes, to
optimize the mineral composition of the final product.

2. It has been proven to improve the organoleptic, functional and technological
properties of mince meat products with addition of PMA. The increasing value of
WHA ground beef while adding PMA on 10...19%.

3. Was investigated technological characteristics of the PMA products. It is established
that the addition of 2,5...10% of the PMA mince meat products reduces the time to
reach the state of preparedness of culinary products made of minced 2,8...11,5% and
products from cutlet weight 5,5...17,5%. Using 10% PMA products consisting of

76 —— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 1




11.

12.

13.

14.

15.

16.

17.

—— Food technologies ——

natural and mince cutlet weight helps increase the output by 9,3 and 8,8%
respectively.

Investigation of meat products and finished products using additives allowed to define
patterns of changes in the properties of mince meat with addition of their composition
PMA, the results of which can contribute to positive economic effect of the
introduction of development.
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Introduction. We have studied the functional
properties of crosslinked starches to be used in technologies
of sponge cakes.

Materials and methods. Starch hydrophilicity was
determined by indicator-refractometric method. The kinetics
of starches’ swelling was found out from experimental data,
which characterized the degree of swelling of starch every
0.5 minutes.The study was carried out on a sorption and
vacuum devices of Mak Ben at 20 °C temperature using the
traditional methods. Water vapor was used as an adsorbtive.

Results and discussion. We have studied hydrophilic
and sorption properties of crosslinked types of starches:
hydroxypropylated di-starch phosphates (Microlys FH 02),
acetylated di-starch phosphates (Swely Gel Soft),
acetylated starch adipate (Cold Swell 5771).

Our researches confirm increase of hydrophilic
properties in acetylated and hydroxypropylated srarchs,
Figures of which 2.5 - 4 times higher, than the figures of
native starch improve speed of swelling, due to the presence
of elastic chains in investigated starch.

When comparing desorption isotherms one should note
that in all submitted samples hysteresis ring is not confined
at the beginning of coordinates, that indicates the
irreversibility of the process of dehydration. After
desorption in all modified starches left 0,025 cm?/g of wet.
In native starch, this indicator is somewhat lower - 0.023
cm’/g wet.

Conclusion. Ability of studied crosslinked starches to
rapidly bind large amounts of water will have a positive
impact during production of sponge cakes and reduce drying
of products during storage.
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Introduction

Modern confectionery industry uses a variety of nutritional supplements to improve
the quality of products. In the production of semi-finished sponge cakes important role
have supplements, which can retain moisture and reduce staling of finished products.
Among hydrocolloids, which influence the redistribution of moisture in the product
separate a group of modified starch. Thanks to its properties modified starch is widely used
for production of various foodstuffs [1, 2, 3, 4].

All foods, regardless of the preparation technology and type of packaging, due to time
flow, lose their nutritional properties and for all break down and deteriorate. The process of
deterioration of the food quality can not be completely stopped, but slowing down the
process is possible, and at present there are successfully used various ways to achieve this
goal. For this integrated approach is applied: selection of recipes, food additives, processing
technology, package type, parameters of transportation and storage [5].

As the important problem is drying and staling of sponge cakes’ products, we have
conducted research on the study of hydrophilic and sorption properties of crosslinked starch
types: hydroxypropylated di-starch phosphates (Microlys FH 02), acetylated di-starch
phosphates (Swely Gel Soft), acetylated starch adipate (Cold Swell 5771).

Analysis of recent research and publications

Problems of extending the finished products’ sale terms attracts scholarls’ attention
more and more. Recently, more researches are devoted to the lengthening the shelf life of
food products [2, 4, 8, 9]. It is known that the dominant processes affecting the shortening
of the sale terms of pastry products is the migration of moisture and products’ hardening.
During the development of new types of confectionery products and improving existing
technologies, researchers pay particular attention to the impact of new food additives on
indicators that characterize the stability of the product to deterioration.

Properties of cross-linked starch types were widely studied by scientists for their
practical application in industry [6, 7]. Various kinds of modifications have different effects
on the properties of starch. Often, to obtain the desired characteristics of modified starch
they use dual modification. It is proved that the procedure used to prepare dual-modified
starches also affected the product properties [8, 9]. The properties evaluated were:
solubility in dimethyl sulfoxide, heat absorption during gelatinization, paste viscosity, and
freeze-thaw stability. In addition, scanning electron microscopy was used to observe the
morphology of the starch granules and their corresponding pastes. Cross-linking increased
heat of gelatinization and shear stability, and it reduced solubility in dimethyl sulfoxide and
freeze-thaw stability. Cross-linked starch exhibited a three-dimensional network structure
under scanning electron microscopy. Opposite effects were found for hydroxy- propylation.
The hydroxypropylated starch paste had a planar structure. Cross-linking reduced the
degree of subsequent hydroxypropylation, but hydroxypropylation increased the degree of
subsequent cross-linking [8, 10].

Change in functional properties of starches depends on source and granule
morphology of native starch. Corn starch and starches separated from different potato
cultivars were acetylated to evaluate the effect of plant source on the physicochemical,
morphological, thermal, rheological, textural and retrogradation properties of the starches.
Scientists have found out that among the starches from different cultivars, the change in the
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rheological parameters after acetylation differed to a significant extent. The retrogradation
was observed to be negligible in the acetylated cooked starch pastes [11, 12].

In scientists’ research [13] was studied the effects of degree of modification on the
physico-chemical properties of hydroxypropylated potato di-starch phosphates. It has been
discovered that cross-linking improves the texture and temperature resistance of native
starches. In addition, it brings substantial change in the gelatinization and swelling
properties of the starch. The effects of degree of modification on the physico-chemical
properties of chemically modified starches (hydroxypropylated potato di-starch phosphates)
are studied by dynamic viscoelasticity measurements and differential scanning calorimetry
(DSC). Even a slight modification can retard the retrogradation remarkably.

Study of properties of distarch adipate showed that solubility in water and swelling
power of the cross-linked preparations of distarch adipate, as well as pasting temperature
and viscosity of produced pastes, all decreased along with the increasing degree of
substitution with adipic acid residues [14]. Scientists studied [15] the effect of chemical
modification on selected physicochemical properties of potato starch powder. It has been
discovered that esterification with acetic anhydride and adipic anhydride (E 1422 starch)
caused the most pronounced changes in physicochemical parameters compared with native
potato starch powder. In native and E 1422 starches, mean granule diameter changed from
23.1 to 25.4 pm, shape factor from 1.47 to 1.33, specific surface from 0.2115 to 0.1695 m?
g !, porosity from 41.31% to 45.29%, water absorption increased up to 50%.

Materials and methods

The aim of this work was to study the sorption properties of hydrophilic and
crosslinked starches.

Hydrophilicity of starch was determined by indicatoric- refractometric method. The
method is based on the fact, that water is bound byhydrophilic macromolecular compounds,
and is not solvent for other substances. If to the solution of the sucrose of some
concentration (C) to add sample of studied dry hydrocolloids m with humidity A (%),
concentration of solution due to dehydration sucrose molecules will increase. So sucrose
solution shows (induce) that research stuff binds water. The initial and equilibrium
concentration of the solution "indicator" of sucrose determine by refractometer.

Determination of swelling of modified starches was carried out by this method. We
prepared paste out of modified starches in same concentration (20%) and dried in the
formation to the plates. The dried starches’ plates of the same size were weighed on torsion
scales and fixed their initial weight. The plates were immersed in cups of water every 0.5
min., removed and quickly dried between sheets of filter paper and weighed on torsion
balance. Due to the experimental data the degree of swelling of the systems was calculated
and swelling kinetics curves a = f (1) were builded.

Sorption-desorption properties of the starch were determined on Mac Ben’s
sorption-vacuum system, where on previously dehydrated samples at 20 ° C and under
pressure 0 ... 18 mm Hg sorption and desorption of water vapor in equilibrium conditions
were conducted. When analyzing the adsorption-desorption isotherms of water Langmuir
equation was used to calculate the amount of adsorbed moisture in monolayer

a =ayBa,/(1tB a,), mole-rat/g (D
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where a - number of substance, which was adsorbed for some water activity, mmol /g; a,—
the amount of adsorbed substances needed to cover the surface layer of dense
monomolecular, mole-rat /g; B - constant, which is characterized by the interaction energy
of adsorbate and adsorbent (adsorption energy); a,- water activity, directly connected with
the relative equilibrium vapor pressure of water a,, = p/ps.

To describe the phenomena of adsorption for secondary humidities empirical
Freundlich equation was used

a = K-(a,)"”", mole-rat/g 2

where a - number of adsorbed water mmol /g; K - constant characterizing the adsorption
energy; a,, - activity of adsorbed water; 1/n - constant characterizing intensity of adsorption.

Water activity was established by graphical approximation out of Freundlich equation
[16]

lga=Igh+ I/mliga, 3)
where a - is adsorption figure (mmol / g); b and n — activity of water (fixed values); a, -
equilibrium concentration of substances in solution (water activity) mmol /dm3. Scheme,

which is built in coordinates lg a = f(lg ay), is a straight line that cuts a segment on the
ordinate lg b, and a slope of the line corresponds to the 1/n (Fig. 1).

lgb

lgb

lga
Figure 1. Isotherm of adsorption of Freundlich in linear coordinates
When analyzing the adsorption-desorption isotherms of water it is calculated amount
of adsorbed moisture in monolayer and polylaye and carry them in the table.
Result and discussion
In the study of hydrophilic properties of cross-linked starches, it was found that these

starches are able to bind water, amount of which is several times greater than its own
weight. Table 1 shows the results, which were received of hydrophilic starches.

82 —— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 1



—— Food technologies ——

Table 1
Hydrophilic properties of crosslinked starches
Neo Name of starch Hydrophilic, %
1 MS «Microlys FH02» 145,7
2 MS «Swely Gel Soft» 224.5
3 MS «Cold Swell 5771» 216,0
4 Potato native starch 53,7

The highest hydrophilic rate was observed in the MS «Swely Gel Soft», which is 4
times higher than native potato starch. According to the theory of swelling polymers it is
known that the presence of transverse chemical bonds (cross-links) between
macromolecules in polymers of reticulated structure, even of a small amount of cross-
linking polymer, absorbs a lot of moisture, which can exceed ten times the mass of the
polymer [16].

Research, which were conducted to study the functional properties of crosslinked and
acetylated potato and corn starches, showed that acetylation of corn and potato starches
decreased the transition temperatures and enthalpy of gelatinization and increased swelling
power and light transmittance [12]. Starchs were modified using cross-linking agent
phosphoryl chloride (POCI;), exhibited exceptionally higher swelling power than their
counterpart native starches [11], a esterification with acetic anhydride and adipic anhydride
(E 1422 starch) caused the most pronounced changes in physicochemical parameters
compared with native potato starch powder, and water absorption increased up to 50% [15].
So our studies confirm increase of hydrophilic properties in acetylated and
hydroxypropylated starches.

Determination of range of swelling hydrocolloid was performed on the dried plates of
modified starch. Starch swelling kinetics curves are in Fig.2.

The greatest degree of swelling has MK «Microlys FH02» at 3.5 minutes, which is
200%. It is known that the rate of swelling polymers depends on their spatial structure and
configuration of their chains. During the swelling moleculars of low-moleculars liquid
quickly penetrate the space between macromolecules, pushing the moleculars’ chains. Most
macromolecules swelling rate indicates better elasticity chains of modified starches.

During the study of the properties of modified starches it is important to study their
sorption-desorptiv characteristics as in the development of products with the introduction of
new food additives that have expressed hydrophilic properties, it is necessary to consider
their impact on the redistribution of moisture in the product.

Adsorption of water vapor by starches is the result of attractive forces between
individual gas molecules and atoms or ions adsorbent. The forces, which are responsible for
adsorption, always include a short-forces of attraction and repulsion forces.
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Figure 2. Kinetics of swelling cross-linked starchs:

1 —MS “Microlys FH02”
2 — MS “Swely Gel Soft”
3 —MS “Gold Swell 57717

Water vapor isotherms of adsorption-desorption by modified and native starches are
shown in Fig. 3 - 6. Charts show how the amount of adsorbed moisture (a) changes with the
changing of water activity (the ratio of partial pressure of the equilibrium water vapor
above the surface of the test sample to the partial pressure of saturated water vapor).

These isotherms of all investigated starches indicate thin — porous nature of
adsorbents. The process of adsorption on the surface of thin — porous adsorbents has got
specific characteristics and differs from adsorption on non-porous adsorbents. The pores of
thin — porous adsorbents are filled with adsorptive molecules in the area of small relative
pressure, which is specially revealed for substances that are strongly adsorbed by its nature.
Another feature of thin — porous systems is the presence of hysteresis rings at the
adsorption isotherm, which, in our case, is accompanied at the entire range of pressure
ratio. The process of adsorption by thin - porous adsorbents is described by Polanyi theory
that was improved by Dubinin Radushkevych and BET adsorption theory [16].

To describe the adsorption isotherm of biopolymers adsorption, we have took the
decision about conditional division into three areas depending on the value of water
activity. The first area (Aw =0 ... 0.25) - monomolecular adsorption zone; second area (Aw
= 0,26 ... 0,75) - multimolecular adsorption zone; third area (Aw = 0,76 ... 1) - the zone of
capillary adsorption. Calculated data on the adsorption of water in different areas of the
model sample is shown below.
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Figure 3. Adsorption-desorption isotherms of MS «Microlys FH 02»:
a) 1 - adsorption curve 2 - desorption curve;
b) Differential curves of pore radius distribution
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Figure 4. Adsorption-desorption isotherms of MS «Swely Gel Soft»:
a) 1 - adsorption curve 2 - desorption curve;
b) Differential curves of pore radius distribution
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Figure 5. Adsorption-desorption isotherms of MS «Cold Swell 5771":
a) 1 - adsorption curve 2 - desorption curve;
b) Differential curves of pore radius distribution
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Figure 6. Adsorption-desorption isotherms of native starch:
a) 1 - adsorption curve 2 - desorption curve;
b) Differential curves of pore radius distribution
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Table 2
Calculated data on the adsorption of moisture
The number of adsorbed moisture,
em’/g The number of residual
Names of starches Area 1 Area 2 Area 3 adsorbed moisture after
Aw = Aw = Aw = desorption, cm®/g
0...0,25 10,26...0,75 | 0,76...1
MS “M(;gf’lys FH 0,089 0,194 0,490 0,025
MS «Swely Gel 0,099 0,203 0,463 0,025
Soft»
MS «Cold Swell 0,096 0,198 0,446 0,025
5771»
Native starch 0,076 0,196 0,386 0,023

In the first area of water adsorption according to Langmuir theory, adsorption of
moisture occurs not on the entire surface of the adsorbent, but only in certain areas -
adsorption centers. Adsorbtive (water) is placed on the adsorbent by monomolecular layer.
Number of adsorbed moisture in the first zone of the adsorption curve (a, 1) for MS
«Microlys FH 02» was 0.089 cm®/g, for MS «Swely Gel Soft» - 0.099 cm’/g for MS «Cold
Swell 5771» - 0.096 cm’/g. The smallest amount of adsorbed moisture (a, 1) had native
starch - 0.076 cm®/g.

In the second area formation of multiple adsorption layers and expansion of the porous
structure continue, as each molecule of the first adsorption layer acts as a center for the
molecules that form the second layer, etc. According to the received adsorption data, in the
second zone at Aw = 0.26 ... 0.75, all the studied samples adsorbed almost the same amount
of moisture.

In the third zone, as the isotherms present, there is a rapid saturation by water vapor. In
this area there is moisture penetration in capillary-porous structure of starches. With the
value of Aw = 1 MS «Microlys FH 02» has the best ability to absorb moisture - 0.490
cm’/g. Some slightly lower indicators has got MS «Swely Gel Soft» - 0,463 cm’/g and MS
«Cold Swell 5771» - 0.446 cm’/g. Native starch absorbs 0.386 cm®/g of moisture in the
third zone, which is 21.22% less than in the MS «Microlys FH 02», that in this case has got
the best properties.

Conclusions

Ability of studied crosslinked starches rapidly bind large amounts of water will have
positive impact in the production of sponge cakes, as the increased percentage of bound
water has a positive impact on the performance of the finished product quality and reduce
drying of products during storaging.

When comparing desorption isotherms one should note that in all submitted samples
hysteresis ring is not confined at the beginning of coordinates, that indicates the
irreversibility of the process of dehydration. After desorption in all modified starches left
0,025 cm®/g of wet. In native starch, this indicator is somewhat lower - 0.023 cm®/g wet.
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The results of studies of sorption properties of modified starches «Microlys FH 02,

«Swely Gel Soft» and «Cold Swell 5771» showed that the selected hydrocolloids possess
high adsorption capacity, herewith the largest amount of water vapor absorbs MS
«Microlys FH 02» - 0.490 cm®/g and desorption process is irreversible for all investigated
starches.
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Introduction. For wafer sheets with gluten-free types of flour it
is advisable to determine the heat capacity, as it determines the
energy expenses of baking products.

Materials and methods. Was investigated the samples of the
dough wafer on the basis of gluten-free types of flour — rice, corn
and buckwheat. To study the heat capacity of the samples was used
the install of simultancous thermal analysis, which allows to
determine the energy expenses of the phase transition "liquid-gas" in
the drying process. As the measurement method is used step
scanning with measurement of heat capacity, when changes the
sample temperature and measures the amount of heat expended on its
heating.

Results and discussion. Investigation of the heat capacity of
gluten-free dough shows on the corresponding calculated curves the
extremums of heat capacity, which matches greatest absorption of
heat energy. Curves of different types of dough are at different
levels, which can be explained by different dough humidity of
gluten-free flours that occurs due to the difference in their chemical
composition. At the same time extremums of rice and corn flour are
very similar, but of buckwheat flour — are almost absent, which
makes energy expenses on it baking minimal. Research of the
influence of all dough components separately in the optimum range
of heating 55-85°C showed almost complete absence of these
extremums for the dough from different types of flour and protein
coagulation occurs at the same level. Water adding only gave the
expected extremums and, according to the analysis, we can assume,
that the extremums appear at the gelatinization temperature of
starches, which manifests itself in a variety of temperature ranges
because of their different composition. In the buckwheat flour
gelatinization begins even before baking at 25°C due to high
molecular weight components, and this dough, respectively, has the
lowest baking time. In rice and corn starches gelatinization begins
respectively with 58°C and 64°C and they have the gelatinization
temperature 79°C and 80,5°C respectively, which coincide with the
extremums of the curves of the heat capacity. But gelatinization of
corn flour need more energy expenses than for rice flour
gelatinization. The largest baking time has corn dough — 4, rice — 3,
buckwheat — 2 min.

Conclusion. The expenses of energy for starches gelatinization,
and hence on baking and time on it for corn dough — biggest, for rice
— average, and for the buckwheat dough is the smallest, with the
cooking time to 2 min.
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Introduction

Currently, due to several reasons — unsatisfying ecological situation, poor nutrition,
deterioration of social and economic status and other — the number of patients with celiac
disease increasing [1,2].

Celiac disease — a hereditary disease, that causes contravention of digestion caused by
damage to the villi of the small intestine of certain foods, that contain some type of protein
— gluten (gluten) and close to him cereal proteins (avenyn, hordenin etc.), contained in such
cereals like wheat, rye, barley, oats. Previously it was thought that celiac disease is quite
rare — frequency of 1:3000. Modern screening population studies have shown that the gene
responsible for predisposition to celiac disease, occurs quite often, and the disease has
about 0.5-1% of the population.

Typical celiac disease with severe violation of suction is really rare. The vast majority
of patients have extraintestinal disorders — iron deficiency anemia, aphthous stomatitis,
dermatitis Duhring, osteoporosis, small stature, delayed puberty, infertility, autoimmune
type I diabetes and others [3, 19, 23]. This latent and subclinical forms are about an order of
magnitude more often, than typical classical celiac disease.

Patients with celiac designate a gluten-free diet, which requires the development of
food products, including confectionery products, using gluten-free raw materials.

The main component of flour confectionery products, which include waffles, are
wheat flour, and therefore their use by patients with celiac disease is strictly prohibited.

Consequently, in the development of wafers, that can be applied by patients with
celiac disease, must be use gluten-free types of flour such as rice, corn, buckwheat. These
types of flour have different chemical composition, i.e. different amounts of protein, fat,
starch, pentosan, sugars and they can differently affect the rheological properties waffle
dough and quality indicators of finished wafers [4, 7].

An important indicator of waffle dough is high humidity (67%). Batter easily and
completely fills all deepening of wafer form. This is an opportunity to get thin wafer sheets
— the main semi-finished product of wafer production. Thus, in the base of the production
of waffle products lies creating a homogeneous, aggregate resistant to sedimentation dough
with specified viscosity and low humidity, suitable for further baking-drying.

The aim of the work was to identify and rationale the impact of gluten-free types of
flour on the kinetics of heat and mass transfer processes occurring during the drying-baking
waffles [8].

There was a series of experiments to determine the heat capacity of waffle dough with
rice, corn and buckwheat flour compared to the existing type of wafers with wheat flour,
containing gluten.

Materials and methods

We have studied the samples of the dough wafer on the basis of gluten-free types of
flour — rice, corn and buckwheat. All of these cereals do not contain gluten, i.e. do not
create the gluten carcass. Fractional composition of proteins these types of flour and wheat,
as control, are shown in Table 1[4, 7].

According to Babitch [7] dry matter of gluten of wheat flour consists of 43% of
gliadin, 39.1% of glutenin, 4.4% other proteins, 2.8% fat, 2.1% of sugars. The bulk — about
82% of dry matter gluten consists of gliadin and glutenin
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In the formation of cell frame wheat dough involved prolamine fraction, the
representative of which in this flour is gliadin, and glutenin fraction, the representative of
which in wheat flour is glutenin.

Table 1
Fractional composition of proteins of corn, buckwheat, rice and wheat flour, %

Types of flour Albumins Globulins Prolly Gluten
Wheat flour 6,75 6,75 39,09 35,07
Corn flour 11,89 16,03 42,48 21,29
Rice flour 10,57 8,14 4,64 52,8
Buckwheat flour 21,7 42,6 1,1 12,3

As can be seen from the table, the flour made from buckwheat and rice contains
almost no prolamine fraction, so that they are not able to form carcass of cell. Zein of maize
differs from other representatives prolamine fractions, for example, with its solubility.

Its solubility will require a higher concentration of alcohol — about 90%. At the time,
as the optimal concentration of alcohol to obtain prolamine fraction of wheat — gliadin is
67%.

Table 2 shows the composition of buckwheat, corn, rice and wheat flour [4, 5, 7, 13].

In corn flour contains more lipids, sugars, hemicellulose, compared with wheat flour.
It is rich in micro and macro-elements (magnesium, potassium, calcium, sulfur,
phosphorus), vitamins E, B, Biotin and other. Biotin (vitamin H) has important properties
for bone growth and skin [4, 7, 14].

Vitamin E — tocopherol of different fractions — acts as antioxidant (a special form of 6-
tocopherol) [5, 7].This property is of great importance to prevent oxidation of
polyunsaturated fatty acids that dominate the composition of the fat of corn and buckwheat
flour.

Flour buckwheat characterized by high content of essential for people nutrients —
protein, fat, starch, salts of iron, calcium, phosphorus, which are also well assimilated by
the human body [4, 5, 7, 15]. In the composition of buckwheat flour present organic acids —
lemon, maleic, oxalic, which contribute to a better digestibility and digestibility of food by
the body, as well as vitamins B1, B2, PP, P (rutin), which play a major role in the
physiological activities of the human body [5 — 7].

In rice flour contains more magnesium and phosphorus, but he is poorer than on the
content of vitamins, therefore, in the prescription of compositions need to further enrich
their with vitamin component.

To study the heat capacity was used modernized installation of thermal analysis
DMKI-1, which was developed at the Institute of engineering thermophysics of NAS of
Ukraine.

Installation DMKI-1 (see Ukraine patent number 84,075 (2006), Calorimeter device
for determining the specific heat of evaporation of organic liquids and materials [9]), allows
to determine the energy expenses at the phase transition "liquid — gas" in the process of
drying of different kinds of products.
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Table 2
The composition of buckwheat, corn, rice and wheat flour
The chemical Corn flour Rice flour Buckwheat Wheat flour
composition, in 100 g flour
1 2 3 4 5
Proteins, g 8,3 8 12,6 10,3
Fats, g 1,5 1 33 1,1
Carbohydrates, g 75,8 81 79 74,2
Mineral substances,
mg:
Calcium 20 8 20 18
Magnesium 36 50 200 16
Phosphorus 109 150 298 86
Iron 2,7 1 6,7 1,2
Zinc 0,5 1,4 2,05 0,7
Todine - 0,0014 0,0033 0,0015
Vitamins, mg:
B — carotene 0,2 - 0,006 -
Vitamin E 2,7 0,45 6,65 2,57
Thiamin 0,13 0,08 0,43 0,17
Riboflavin 0,07 0,04 0,2 0,04
Pyridoxine 0,25 0,18 0,4 0,17
Folacin 19 19 32 27,1
Biotin 6,6 3,5 - 2
Niacin 1,8 1,6 4,09 1,2
Energy value, kcal 327 330 335 334

The principle of synchronous thermal analysis based on the simultaneous
measurement of mass loss and amount of heat, used for evaporation of moisture in the
process of isothermal drying of wet material. Measurement of the expenditure of heat for
evaporation is based on the method of differential calorimetry

Accordingly on the calorimetric platform placed two identical cells — one "working",
is intended to accommodate the test sample and the other the "exemplary" is intended to
accommodate a thermally inert substance comparison. Calorimetric platform is mounted on
a coaxial

cradle, that is placed on the scales of AD-500, which are used to register the decrease
in wet weight of the sample during the drying process.

As a replacement unit in the upgraded setup used specialized calorimetric platform [9,
10] designed for research coarsely dispersed, or granular materials. It has a measuring cells
of cylindrical shape and the heat flux transducers (HFT), located on the perimeter walls of
the cell (Fig. 1). In a basic installation was also added highly thermally conductive bushing,
for the possibility of placing calorimeter platform.

Elongated cylindrical form of measuring cells allows to measure the heat flux density
on the surface of the cylindrical wall, allowing accurate determination of the heat capacity
and specific heat of evaporation of materials with high thermal resistance [16,24].
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a b

Fig. 1. Modified calorimetric platform, a — scheme, b — appearance, where 1 — temperature
leveling body; 2 — primary heater; 3 — working cell; 4 — control cell; 5 — HFC of the working
cell; 6 — HFC of the control cell; 7 — flange; 8 — output connector; 9 — hole.

An important part of the Rehbinder criteria is heat capacity [16, 21]. For complex
heterogeneous substances, which include and herbal raw materials, analytical methods for
determine heat capacity are extremely difficult. Therefore, to obtain accurate data rationally
is to carry out experimental research [18].

The most versatile is the method of measuring the heat capacity,

at which the sample temperature was changing and was measured the amount of heat
energy, consumed for its heating. In the apparatus DMKI-1used the standard step-by-step
scanning method [7].

Used the method of step-by-step scanning, where the entire investigated temperature
measurement range is divided into intervals and, in the step change of temperature from the
initial to the final value, determine the amount of heat consumed to heat the sample.

The dough is kneaded at room temperature under process scheme for liquid types of
dough. For each measurement it is necessary to mix the new batch of dough.

According to this method, solid freeform sample or liquid sample known weight is
placed in a work cell, then the cell are closing by membrane, which almost completely
prevents the loss of mass of the sample during the experiment. In the center of each of the
cell of membrane is one hole for pressure equalization between the unit and the working
chamber during heating. The relative humidity of gas medium above the sample in the
experiment is committed to 100%. The mass of the sample is determined by analytical
scales, input in device, to within 1 mg.

After placement of the sample with the help of temperature controllers the blocks are
thermostated and in the calorimeter platform sets the mode of stepwise increasing the
temperature at a given step (Fig.2a) and recorded the change in heat flux with increasing
temperature of the sample (Fig.2b).
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Fig. 2. Graphs of temperature (a) and of differential heat flow (b) from time in the
measurement method step-by-step scanning

The intervals of temperature increase and the intervals where the temperature is
maintained constant, alternate. Duration of maintaining a constant temperature in the
interval depends on the size of the sample and its thermal characteristics. It should be noted
that in the cylindrical pockets with HFC intervals between increases of temperature in step-
by-step scanning longer.

Measurements of the heat capacity can take place either directly in the cell, and
placing the sample in the container.

The heat flux transducer of working cell records the amount of heat that goes on
heating the converter, the cell, container and the sample, and the heat flux transducer of
control cell measures the amount of heat going to heat the converter and cells.
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The difference of heat flow of measurement and control cells corresponds to the heat
flux, which supplies the sample heating. Mean temperature between steps is the assignment
temperature. Data is stored on computer's hard disk and transferred to Excel. Then
according to the developed methodology are calculated and built by the computer curves of
the heat capacity of the sample.

Results and discussion

To determine the effect of gluten-free flour on the kinetics of heat-mass transfer
processes during the baking-drying of the wafer sheets, was prepared samples of the wafer
dough on the basis of gluten-free types of flour —rice, corn and buckwheat.

As control one was used the dough from wheat flour. At the first stage of the research
we conducted measurement of the heat capacity of all types of gluten-free dough, and of
wheat dough. After all the calculations were obtained the heat capacity curves of each type
of dough, in which we see the extremums, that meet the highest absorption of thermal
energy.

In the fig. 3 we see that the curves of different types of dough are at different levels. This
can be explained by different moisture content in dough from gluten-free types of flour, which
occurs due to the difference in their chemical composition. In this case, the extremums on the
rice and corn flour are very similar. While on buckwheat flour extremum is almost absent.
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Fig. 3. Curves of dough heat capacity (c) from different kinds of gluten-free flour with optimal
humidity - depending on temperature (t)
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The next step of our research was the attempt to determine what is happening in the dough
in the warm-up period of the dough from 55°C to 80°C. We decided to check all components
that are part of the wafer dough alone, that will give us the opportunity to determine which
component has the greatest influence on the extremum of the heat capacity of each type of
dough.

We determined the heat capacity of the protein, the yolk and mixtures thereof, that is,
melange and also dry flour of all kinds. We weren't interested in salt and soda, since they are
added in small quantities and, consequently, their heat capacity does not have much impact on
the finished dough.
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Fig. 4. Curves of heat capacity (c) of the components of waffle dough without adding water
depending on the temperature (t):
1 — native protein
2 — melange
3 —yolk
4 — corn flour
5 — buckwheat flawor
6 — rice flowr
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In fig. 4 we see the almost complete absence of dough extremum of various types of
flour, and coagulation of protein occurs at the same level. Therefore, we can assume that
the extremums appear after adding of the water.

The next step was to conduct the same experiments with all the ingredients by adding
water in an amount, which shall be attached to the wafer dough with gluten-free flours. Add
water to egg products not made any changes. While adding water to flour gave us
practically the same extremums for batter of rice and corn flour, which we saw in the
finished dough.

In Fig. 5 we see that the addition of water causes almost the same extremums, which
are on the curves batter of rice and corn flour.

¢, J/ kg'K
4200
4000
////.\\\\l\\‘ ?/,-/”/.
3800 = o A
—
::::;f,a////‘
3600 -
00
3200
30 40 50 60 70 80 90 t,°c

—&— 1 - buckwheat flour with water 75%
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—&— 3 - rice flour with water 63%

Fig. 5. Curves of heat capacity (c) gluten-free types of flour with the addition of water
depending on the temperature (t)

Since the extremums is missing in the study of flour without adding water, we can
assume that they appears at a temperature of gelatinization of starches. From literary
sources we know, that the maximum temperature of gelatinization for gluten-free types of
flour has the values, given in Table. 3.
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Table 3
The time of gelatinization and baking of gluten-free types of flour
Type of Starting of Gelatinization Baking time,
flour gelatinization, °C temperature, °C min.
Buckwheat 25 91 2
Corn 64 80,5 4
Rice 58 79 3

As the table shows, the beginning of gelatinization is diverse for different types of
flour. So buckwheat flour begins gelatinization even at25 °C, which can be explained by the
presence of other high-molecular compounds such as cellulose and pentosans, which are
directly involved in the process of gelatinization and tend to swell indefinitely in cold
water.

In this case rice and corn starches have the gelatinization temperatures, which coincide
with the extrema of the curves of the heat capacity. For the gelatinization of corn flour
necessary larger expenditure of energy, than for the gelatinization of rice flour, while for
buckwheat flour extremum is absent, and gelatinization occurs gradually, starting from
25°C. Accordingly, the energy cost of its baking has to be the least, as evidenced by the
cooking time. Most baking time has corn flour and the minimum baking time — buckwheat
flour.

Conclusions

Installed and experimentally shown the main effect of the energy and temperature of
starches gelatinization on the energy expenses and on the baking time of wafer sheets in the
absence of celiac frame.

The expenses of energy for starches gelatinization, and hence on baking and time on it
for corn dough — biggest, for rice — average, and for the buckwheat dough is the smallest,
with the cooking time to 2 min.
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Introduction. Increasing the efficiency of the diffusion
apparatus by optimizing temperature control in zones of the
apparatus is the purpose of the research.

Materials and methods. For a systematic analysis of control
options of heat part of the diffusion apparatus used mathematical
model representation in the form of differential equations. The
research proposed a matrix control model. All classical (PID
algorithm) and matrix methods of diffusion apparatus control
modeled in MatLab Simulink program by transformation of the
regulator and object in matrix form and setting up control model.

Results and discussion. According to an existing
mathematical model became possible to transfer control in
matrix form. The big correlation that reduces the effectiveness
of system due to the influence of one control system to another
was found during simulation of temperature interference in
zones. In the simulated version of regulation with PID controller
were detected significant dynamic errors.

Researched solutions for the problem of interference
between the temperatures in the zones of diffusion apparatus
during control without using new devices (compensators, etc.),
but only by changing the control algorithm. One of the options is
to use matrix controller. Modeled option that represents object,
matrix controller and automatic control system in the state
coordinates. For that case developed structure of the automation
system, where matrix controller receives four input signals and
by knowledge of the object model, regulator conducts internal
compensation and generates optimal output control signals for
valves.

We made comparative analysis of the use of classical
temperature control with PID regulators and multidimensional
matrix controller. During research has concluded that the
interference of temperature zones in the control system greatly
reduces the effectiveness of the diffusion apparatus, as
mentioned dynamic error reaches 48%. Comparing the two
transients shown that the use of matrix regulation provides better
quality of regulation characteristics, namely dynamic error
reduce and offset the impact of neighboring control channels.

Conclusions. For improving the efficiency of diffusion
apparatus is necessary appropriate implementation of
automation systems with matrix control.
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Introduction

Any reduction of energy loses is big step of rising the efficiency of plant. That is why
that theme is so actual. The article includes research of methods of rising the efficiency of
diffusion apparatus in heat exchange field. Rising the efficiency of process is always the
main task for a scientist. The diffusion process in sugar manufacturing is one of the main
steps to get final product. This diffusion takes place in diffusion apparatus, which spend
many vapor and energy. First of all for that object developed mathematical model and
program realization.

Materials and methods

Considered the inclined diffusion apparatus of sugar industry, which consists of four
zones in which the temperature is regulated by vapor feed (Fig.1).

Barometrical
water
Pulp water

Beet chips

<«Heat exchange»
<Heat exchange»

«Heat e;fchangeb 7one 3

Zone 2

Diffusion
= .
juice

Vapor
Figurel. Simplified scheme of the inclined diffusion apparatus

That research dedicated to find solution in a problem cross-linking in temperature
control without adding new devices (compensators etc.) with changing just algorithm of
control. Cross-links appear because of heat exchange between zones of diffusion apparatus.
Also was found that cross-linking of temperatures controls in zones reduce the efficiency of
diffusion apparatus in common.

Many scientists take diffusion apparatus like object in automation control systems.
Major part of them use Fick’s equation to describe the diffusion process [2]. No one try to
use matrix regulation [3,8,10]. We used model and found solution how to reduce or even
delete cross-linking effects by changes in internal structure [1]. Proposition of this solution
based on creating matrix control system.

For organizing the systematic research we provide following steps:

1. Adapt mathematical model of heat diffusion system in the form of differential
equations involving the supply of steam in four zones apparatus for heating to the required
temperature;

2. The modeling process of temperature control in the areas of diffusion apparatus
with PID controller was made in MatLab, where control function was divided into 4
independent control loops;
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3. Mathematical model of heat diffusion system transferred to the state coordinates to
be able to use matrix controller;

4. Was developed the method of using matrix controller for the diffusion apparatus;

5. The modeling temperature control process in the areas of diffusion system with
matrix controller was made in MatLab;

6. Comparative analysis of transient processes observable regulators was made by
quality characteristics.

Results and discussion

Process analysis shows that the process of extracting sugar from beet chips as automation
process consists of two interrelated stages: molecular and convective diffusion, whose
effectiveness is affected by a number of weakly-formalized factors. It is difficult to create and
use a mathematical model to describe this process. The basis of the principle of diffusion
apparatus with against stream extraction that can be formed by the Fick’s equation [2]:

Koly g Coc

n r
4
According to Fick's equation the quantity of the extracted substance S is proportional
to the difference in concentration of the juice inside and outside the chip (C - c), diffusion
time Z, extraction temperature T,, area F and inversely layer - the layer thickness, it means
that the length of the path of diffusion and viscosity of water at extraction time 1. K -
constant, independent of temperature, but dependent on the particle size.

For inclined diffusion apparatus mathematical model in terms of the condition
presented in (2), with the model parameters that are independent from time, in that case the
system is fixed. The coefficients of the mathematical model calculated for typical modes of
operation based on the design features of an object to the sugar plant capacity of 3,000
tons/day [3, 8].

A mathematical model of heat exchange of diffusion apparatus provided to the form [3]:

dAf,

S =

Z (1

T + A0, =k A, +k,AO, + kA, —k ,AG. +k.AG, ;
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)
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X = [Agla A925 A93, A94’ A9}71’ AH

n2?>

AQ

n3>

AG, 4]T - vector of state parameters consisting of

temperature juice chips mixture and steam in steam chambers in their respective areas of
staff;

u =[AG,71,Aan,AGn},AGM]T - control vector, consisting of steam flow in the zone
system;

w=[A6,,AG,, AG, ,AB,, A0, ,AG,, AG,,]' - perturbation vector,

AG,,AG, ,AG;,AG, - expenditure of chips, juice, and pulp pressing condenser water

AB,,A0,,A0, - chip temperature at the inlet of the diffusion apparatus, condenser water
and pulp pressing water, respectively;
y, =[A6,, A6, AO,, A6’4]T - vector of observations, consisting of a mixture of

temperatures juice chips staff in their respective areas.

Was developed heat exchange block diagram of the diffusion apparatus as a subsystem
of technological complex of sugar plant which have been presented in modeling program
MatLab Simulink (Fig. 2) [8, 11].

Block diagram provides four outlines temperature control in four areas. In the process
of complex with continuous type technological objects function, which are characterized by
many interconnected regulated coordinates. Often several controlled origin, whose number
n > 4 have the same physical nature and contours of regulation are based on the same
structure. This applies, for example, diffusion plants gentle slope-type sugar mills, which
are governed by n > 4 temperatures in different zones. It is important that the temperature in
one area has an impact on the temperature in other areas due to heat transfer from the juice
to the wall and back. That in terms of the model is evident presence of internal cross-links,
which are usually not taken into account during creation of automation system [8, 14]. With
model of diffusion apparatus have been investigated the influences of channels thermal
regulation in the zones (Fig. 3).

During the experiment revealed that there are significant cross-links, which greatly
affect the quality of automatic regulation system in classical PID-regulators automation
system (Fig.4.) [4, 5].
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Figure 2. Block diagram of the system of automatic regulation of diffusion apparatus in sugar
plant
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For finding the structure and parameters of the controller which can resolve cross-
linking in own structure were made representation of an object class in matrix form.
Matrix mathematical model in terms of the state have the form:

[—0.8643  0.4667 0 0 0.0259 0 0 0
0.3678 —0.8554 0.4619 0 0 0.0257 0 0
0 0.3641 —0.8467 0.4572 0 0 0.0254 0
Y 0 0 0.3604 —0.8382 0 0 0 0.0251
11.27 0 0 0 -11.27 0 0 0 ’
0 25.45 0 0 0 -25.45 0 0
0 0 20.45 0 0 0 -20.45 0
|0 0 0 13.99 0 0 0 ~13.99 |
— (3) -
0 0 0 0
0 0 0 0
0 0 0 0
5 0 0 0 0
3155.69 0 0 0
0 7351.15 0 0
0 0 5858.90 0
|0 0 0 3948.25 |
i “4)
0.3717 -0.2334  0.1299 0 0 0 0
0  —0.1198 0.0342 0 0 0 0
0  —0.0339 0.0254 0 0 0 0
G 0 0.0754 —0.7293 0.2766 0.1760 0.7712 0.7712
0 0 0 0 0 0 0o |
0 0 0 0 0 0 0
0 0 0 0 0 0 0
|0 0 0 0 0 0 0 |
i (5)
1 0000O0O0O 0000 0000000
C=01oooooo’Dzoooo’Hzooooooo
00100000 0000 0000000
0001 0000 0000 0000000
.(6)

For building up automation control system we use multidimensional array controller

type u = -Kx with minimizing the criterion:
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I(u) = T(yTQy+uTRu)dt — min

!

u

(7

Block diagram of the system with the introduction of error signal shown in Fig.5 [6, 7,
9,12,13].
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Figure 5. Block diagram of the automation system with matrix control

Using of matrix controller improve the quality of functioning of the automatic
regulation system and increasing the efficiency of the diffusion apparatus in general (Fig.6).
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Figure 6. Transients processes of temperatures in zones with matrix control with compensation
of cross-linking

Conclusions

Obviously, for improving the efficiency of diffusion apparatus is necessary appropriate
implementation of automation systems with matrix control.

During this research we got next results:
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1. Adapted mathematical model in differential equations and coordinates state for

diffusion apparatus.

2. Discovered level of heat influence between zones of diffusion apparatus.
3. Transients processes of temperatures in zones with PID controllers without

compensation of cross-linking.

4. Matrix control system for four zones of diffusion apparatus.
5. Transients processes of temperatures in zones with matrix control and compensation

of cross-linking.
By comparing two transient process of classical and matrix control we conclude that

the use of matrix regulation provides better quality characteristics of regulation, namely
dynamic error reduces up to 48% and eliminates cross-linking in adjacent control channels.

—_—
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Introduction. In order to improve the efficiency of
power supply system of the food industry it is advisable to
use voltage regulation.

Materials and methods. Mathematical tools of
probability theory and mathematical statistics are used.

Results and discussion. It is shown that the issue of
higher harmonics is the main problem of electrical
equipment electromagnetic compatibility. The basic aspects
of the analysis are introduced on the issue of solar panels
nonsinusoidal voltage that depends on the network voltage.
Expediency of using Fourier series is shown.

Thus, the voltage deviation is one of the major problems
in power supply systems of industrial enterprises. Its
solution is a priority task in the design of power supply
systems. The ways of improving the efficiency of food
production by reducing process losses caused by defective
voltage are studied. The way to improve voltage quality is
suggested.

The systematic approach to voltage regulation that
allows increasing economic performance of energy sources
is introduced. The most promising is the regulation method
acting on voltage and reactive power. The received
mathematical model  allows increasing the  accuracy of
voltage  form  analysis.Application of the  Fourier
series allowed us to obtain characteristics of harmonic in
solar panels voltage. The developed device that is based on
modern non-inertia semiconductors can improve the quality
of voltage in local networks.

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

Helioplant generates direct current. To deliver current to power supply network it
should be first inverted. Current inverting is a process, opposite to straightening [2,3,4,5,
8,9,13,15].

Deviation of current waveform and sinusoid voltage is studied by using harmonic
components (harmonics) according to the mathematical theory established by Fourier
(1768-1830). The term "harmonic" is used in acoustics to refer to string vibrations with a
frequency multiplied to the fundamental frequency of vibrations[2,12]. Higher harmonics
have negative effect on all types of electrical equipment, even at a considerable distance
from the harmonic generation. They create additional noise in telecommunication, leading
to false replies of responsive equipment. The problem of higher harmonics is the main
problem of electromagnetic compatibility of electrical equipment due to the increased
power of thyristor converters and the widespread use of electronic automatic control
systems that are sensitive to the shape of the sine wave voltage[2,11].

Among the existing methods of local voltage regulation at power supply from
powerful helioplant influence only on one indicator of power quality, its voltage
[2,10,23,24,25,26,27] .

The frequency at inventor output can be regulated in wide range. But in order to get
the sinusoid-shaped current, rectangular voltage pulses of inverter are modeled according to
sine laws. The process of direct current sinusoid formation causes deterioration of voltage
waveform.

The amount of losses at low-quality voltage can be determined by the expression,

v= | sowwar« | rowmar M)

where +V,,,, , =V}, is the maximum deviation from Uy;
V is the actual voltage value (referring to economic calculations);
¢(V) is consumer economic characteristic;
f (V) is probability density of voltage deviation.

However, it is not enough just to characterize the quality of the voltage and the
losses at its deterioration, only by the size of deviation. More accurate is the estimation at
the standard deviation V., calculated for the stated period [2,3,10,12,16,22]

+T

V=0 [ var (2)

dev — T
National industry economic losses from low-quality voltage:

4H+T

y:éd% j VY P(tydt 3)

where p(t) is instantaneous value of active power;
d is coefficient that takes into account the type of load.
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Integrand expression is one of the key indicators in determining network efficiency
and is found under name "inequality" of voltage.

Materials and methods

According to the proposed method of local voltage regulation at power supply from
powerful helioplant consumers powering is carried through pulsed solid state voltage
regulator, which is used to change the current value of the variable sinusoidal voltage and
also actively influence the shape of the sinusoid, thus minimizing the level (Patent of
Ukraine Ne 89096, IPC NO2M 11 / 00 — The way of local voltage regulation at power
supply from powerful herioplant / Shesterenko V.E., Balyuta S.M., Sofilkanych V.V. Publ.
10.04. 2014).

If power network voltage, where the installation of a switching regulator is planned, is
non-sinusoidal, there is a real opportunity to use a voltage regulator to minimize higher
harmonics.

Harmonic composition of voltage at the output of helioplant is fairly stable. Therefore,
we can improve the harmonic components in predetermined program.
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Fig. 1. The voltage and current of the inverter at work
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Here y is switching inverter angle, o - regulation angle. Inverters are usually
characterized by not adjusting angles, but lead angle . Lead angle is the angle between the
start of switching point and the point in time when electromotive force of switching parts
(e.g. phases) of transformer valve winding become equal. The initial phase 6 = - y.

The voltage at the valve, that does not work, has switching peaks caused by switching
in a nearby valve group (Fig. 1). The first switching peak significantly affects the work.
Voltage on the valve that does not work has switching peaks, caused by switching to a
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nearby valve group (Fig. 1). The first switching peak significantly affects the performance
of the inverter valve, there may also happen opening of the valve that has already closed. At
this moment current begins to increase sharply until inverter is disconnected by protective
devices.

The received mathematical model allows increasing the accuracy of voltage form
analysis.

Application of the Fourier series allowed us to obtain characteristics of harmonic in
solar panels voltage.

The developed device that is based on modern non-inertia semiconductors can improve
the quality of voltage in local networks.

Results and discussion

Usually when evaluating the impact of power quality two components are defined:
electromagnetic and technological [1,3]. Electromagnetic component is associated with the
change of energy losses in transmission. Electromagnetic component is normally associated
with more acceptable terms, technological component is connected with the maximum
acceptable quality indicators.

Reducing power quality is evident in the growth of power and energy losses, reducing
of equipment lifecycle, technological losses, which include reducing goods production,
lowering product quality, and output of low-quality products. Technological losses make up
to 90 ... 92% of all losses and are usually hidden in the cost of production, power
engineering specialist conceal the matter, technologists typically do not know the causes of
technological losses .

Voltage deviation is slow smooth change in voltage caused by load changes. It is
defined as the difference between actual and established U and nominal Uy voltage of this
network.

su =2 =Y 100%
UN
4)

EQI standards are divided into normally acceptable and maximum acceptable. Normal
values are maintained with a probability of 0.95, i.e. over 95% of the day time EQI should
not go beyond the standard. Throughout the left time (5%) rates may be higher .

Normally acceptable and maximum acceptable values of steady voltage deviation at
points of consumers general connection to power networks at 0.38 kV and above voltage is
equal to £ 5 and + 10% of nominal voltage of power network. In the post-accident modes
EQI should not go beyond the maximum permissible values,

5% voltage deviation is allowed for industrial customers in the UK and Italy.

Most power receivers can also work at other values of voltage deviation, but tangible
national industry losses will be observed.

The problem of reduced power quality is manifested in increasing losses of power
capacity and energy. This is electromagnetic component. The technological component
influences on the reductions of equipment lifecycle, technological losses, which include
reducing production volume and lowering product quality. Technological losses make up to
90 ... 92% of all losses and are usually hidden in the cost of production.

Losses can be reduced by local regulation of voltage at each food industry enterprise
because it is impossible to provide permissible voltage mode only by means of power
station generators. It is necessary to apply additional regulating devices, in this respect
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voltage regulation laws should be established to ensure the most economical conditions for
collaboration of reactive power sources, power networks and electric receivers.

The most promising is the method of regulation by action at voltage and reactive
capacity. In this case control devises of voltage regulation have to be interconnected or
even mounted in one block. The need for regulating devices use in the power network is
based on obtaining the maximum possible unpredictable voltage losses in the networks at
permissible voltage deviations at the receivers terminals .

As is known, the solar panels generate direct current. At the delivery to power network
current should be inverted. Current inverting is the process opposite to straightening.

The frequency of the inverter output can be regulated in a wide range. But in order to
receive sinusoid-shaped current, rectangular voltage pulses are modulated according to
inverter sine laws. The process of direct current sinusoid formation causes deterioration of
voltage waveform.

Beating against electromotive force inverter has six-fold frequency in relation to the
electromotive force of power supply unit. The voltage at the valve, that does not work, has
switching peaks caused by switching in the nearby valve group,

3 3
E,=-U, -=3 E,, cosf+—x, 1,
b4 2w
. . . . . . (5)
The basis for inverter is output characteristic, i.e. dependence of the average value of
the rectified voltage U, from current I,. With increasing I, current increases the
switching angle of y inverter.

As can be seen from the figure, the voltage at the inverter output is significantly
distorted. The expression for the current transformer periodic function can be represented as

[v - (Av )2+(Bv )2’ (6)

where I, is amplitude of current harmonics; Av, Bv is coefficients of the Fourier series; v is
number of harmonics.

Thus, the general expression for the Fourier series coefficients of the higher harmonics
[2,9].

23U
A = Msinv”[ ! sin(v+1)Z~sin(v+1)(a+Zj—
v ana 3 v+l 2 2
—v_1sin(v—1)%~sin(v—1)(a+%}],
(7)
23U
B = M gin ¥ % [- ! sin(v+1)1~sin(v+l)(a+zj+
v ana 3 v+l 2 2

+ﬁsin (v —1)%~ sin (v —1)(0: +%J],

where Uy is amplitude of voltage curve for power supply network;
X, is inductive resistance of switching outline.The initial phases of higher harmonics
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Bv
¢, = arctg e (8)
v
If the voltage of the network, where the installation of a switching regulator is
planned, is non-sinusoidal, there is a real opportunity to use a voltage regulator to minimize
higher harmonics.
When at the input of regulator the voltage with a certain range of higher harmonics is
given, there happens adding or subtracting of the same frequency voltage fluctuations at
helioplant and voltage regulator

U, o, =U,, -sin(vot+¢))+U,,, ~sin(va)tir¢w ), (9)

where: U, ¢, is the amplitude meaning of the harmonics of the input voltage and its shift

angle regarding main frequency of sinusoid network,
U,. -9, is the same, but for voltage of regulator supplements.

If there is a relationship between ¢, and 9,

¢\j _¢4v =|ﬂ-|' (10)

there happens weakening of v harmonic is and even its complete destruction.

Harmonic composition of voltage at the helioplant output is fairly stable. Therefore,
we can improve the harmonic components in predetermined program.

Uy = Uy - (11)

For the ¢ analysis it is necessary to determine the coefficients of sinus B, and

cosine C, of Fourier series voltage supplement.
At unilateral regulation of voltage by the leading edge of the impulse

4= {Lﬂm 2ﬂS(v—1)—sin(27;S —aj(v—l)}+

V—15:1 m

+ﬁg{5in(%—a}v +1)—sin 2:1S (v+1)}} ,

B =22 {Lf{co{z”s —aj(v+1)—cos2ﬂs(v+l)}+

v+1§o m m

BN

where v is the number of higher harmonics, m is the number of impulses for a period of
network voltage.

(12)
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Algorithm for calculating the amplitude-values for higher harmonics is drawn up on
the basis of these formulas and is quite simple, thus it can be implemented on a PC.
Higher harmonic phase shift relating to the network main frequency

B
= arctg—-. 13
28 arctg = (13)

Smooth changes in wide networks of higher harmonics ¢, angles provide

compensation for network harmonics, and the means of regulation allow to conduct
selection of ¢, without sacrificing quality of U, voltage.

A
0
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o) v
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4 EW2

EW1 VBW

V&1 T V82 T
o -
C jm— C f—
ver vs2
VD j VD f

Figure 2. Scheme of local pulse voltage regulator of winding excitation, connected to the power
supply network, EWj is the third winding of excitation, isolated from the power supply
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The main purpose of voltage regulator is to maintain the unit at the output according
to some voltage law when changing the input voltage, fluctuations and deviations of which
is the random time function. Voltage regulation is carried out by feeding additional
electricity supply to power network via volt-boosting transformer (VBT). The component
of the voltage through serially connected volt-boosting winding is directly fed into the load
circuit and is not subject to regulation. The second component of the output voltage is
supplied to the voltage circuit through excitation winding EW,; and EW, VBT and volt-
boosting winding VBW. The winding EW, is connected in concord with VBW winding. If
the current passes at this winding, positive voltage supplement E is created and the output
voltage of the regulator rises.

Uuut = Uin + E ’ (14)

where U,, is regulator input voltage, E is additive voltage.
If current passes through the winding EW,, negative additive of voltage is created
and the output voltage of the regulator is reduced.

v, =U,-E. (15)

Variable voltage regulation is performed by impulse method. In this case there is
created a sequence of impulses whose height varies according to sinusoid law and width
changes linearly. In accordance with generally-accepted classification, this voltage can be
seen as a type of amplitude — impulse modulation (AIM) with variable impulse width and
stable amplitude of modulating voltage. To make this kind of modulation is possible by
using VBT with additional winding 035, which is in-circuit lockable at shutdowns of
windings EW; or EW, from the network. Functionality of winding EWj; is to loosen
hysteretic phenomena in stable VBT. This winding actually unmagnetize magnetic
transformer. All windings of three-phase excitation VBT are united in "Star" scheme and
connected to the three-phase bridge rectifiers.

Conclusions

1. Solar batteries generate direct current. Current should be inverted before delivering it
to power supply network. But in order to have sinusoid-shaped current, rectangular
voltage impulses are modulated according to sine laws. The formation process of
direct current sinusoid causes deterioration of voltage waveform.

2. The analysis of voltage non-sinusoidal solar batteries should be performed using
Fourier series.

3. It is recommended to conduct consumers power supply from solar batteries through
impulse solid state voltage regulator, which is used to change the current value of the
variable sinusoidal voltage and also actively influences on the sinusoid waveform, thus
minimizing level of higher harmonics in helioplant voltage.

4. At the deterioration of power quality electromagnetic and technical losses increase.
Electromagnetic energy losses are manifested through the increase of power and
energy losses, as well as the reduction of equipment lifecycle. Technical losses include
deterioration of product quality, production of low-quality products. Technological
losses make up to 90 ... 92% of all losses and are usually hidden in the cost of
production.
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Introduction. Relevance of the topic is stipulated by
the increase of the management efficiency due to creation
and application of decision support systems in the
planning and controlling of contracts implementation.

Materials and methods. The methodology of
structural analysis and design is used to build a functional
model of industrial activity controlling to determine the
decision support system structure in the planning and
controlling of contracts execution.

Results and discussion. The developed functional
model of the business processes management of the
service provisioning enabled us to define the peculiarities
of these processes, main functions and information flows
that provide them. On the basis of the information
obtained as a result of analysis of functional model the
decision support system structure is defined. The
following components of decision support system for the
contract planning and management are suggested: means
of data receiving, transforming and downloading, data
storage, and user’s toolset. It is suggested to develop the
structure of data storage on the basis of hybrid data
storage conception that is to use the virtual data storage to
consolidate the data from all external sources, and to use
the special datamarts for each peculiar task. The structure
of decision support system is established in accordance
with the characteristics and needs of service providers
companies.

Conclusions. The structure of decision support systems
meets the peculiarities of the service provider companies
and covers all needs in solving key problems of
management.
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Introduction

Contractual relations is an integral part of industrial activity of each company and are
especially important for companies and organizations that provide services, particularly
confidential communication services and data protection. During drawing up production
plans for execution of orders on concluded contracts, it is always important to make such
management decisions that ensure the efficiency of enterprise resources and minimize the
costs at the same time.

The task of forming the schedule for the company, which activities are related to the
services provision under contracts concluded, is oriented on the process of works
containing a sequence of operations. One contract is for one type of service, and for its
implementation the appropriate sequence of steps with clearly defined order should be
performed. For the implementation of each stage, a particular executor - one person or
group of employees is appointed and the necessary resources are provides.

Most suitable solving for this problem with all the requirements is a decision support
system (DSS) in which the automation mainly performs not for manual labor as for
intellectual. DSS enables to design, compare and choose alternative solution variants by
using directly computational tools [1]. In addition, DSS allows to make important decisions
based on events that have not yet been fulfilled, and provides an opportunity to develop a
number of possible scenarios of "what would happen if", to determine the most effective
action on the basis of the received results , etc. [1-4].

Analysis of the problem

Planning of production activities starts with an analysis of the conditions of the
concluded contracts to form clear requirements to resources and opportunities of the
company. This work is performed by experts from contractual work, financial and technical
director. Based on generated requirements, labor standards, technical documentation and
possible claims and offers, staffs of planning and economic department with the head of
technical center develop the projects of production program and plans of orders
implementation. They are sending for approval to the General Director. When the projects
need to be made some changes, they are not approved and returned for re-processing at the
previous stage.

It should be noted that to hierarchical organizational structure, the planning is carried
out simultaneously at all levels. Planning is a way of achieving the objectives based on
balance and sequence of operations implementation and also the tool for management
decisions-taking. Planning is based on the integration of the company objectives and its
divisions with the means for its achievement. At the same moment, planning is a tool of
control, because not only sets goals, standards and standards activities but also defines the
limits of deviation from the rules, violation of which causes the making of coordinating
decision.

Management of the company production activity largely depends on the efficiency of
formation of schedule of execution services on concluded contracts. During the planning,
the terms and specific tasks for each employee of the department involved in the work
performance are defined, the production activity of the company as a whole is estimated
and coordinated, and the possibility of the provision certain types of services in the future
defined period is determined. The final result of this process is the planning decisions - the
basis of targeted follow-up activity.
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The service providers companies are characterized by several specific aspects that
differentiates and distinguishes it among other areas, such as, for example, manufacturing
work. Firstly, the sequence of stages performance of each contract, its quantity, the time
required to perform depend on the characteristics of the type of service and the needs of the
particular customer, which is stated in the contract terms. In addition, the possible
individual requirements or the need for urgent implementation are determinative. The
volumes of work for the same kind of services are different in each case. Secondly, the
implementation of individual stages of a contract may be performed by different executions
at the same time, but only on condition that it does not violate the logical consistency of the
work. Thirdly, the needs for provisions of stages implementation with necessary resources,
such as certain technical equipment, specialized software, etc., are mainly defined
according to customer needs. Fourth, the total number of contracts is not regulated and it is
impossible to predict, because orders can be received at different times, both on different
and on the same services, without seasonal or any other dependence. The emergence of new
orders requires rapid changes in the existing schedule and establishing of such deadlines
that will have the least impact on the other work implementation.

Finding a solution to this problem is complicated by the increasing number of input
parameters. It belongs to the NP-complex multicriteria combinatorial problems the solution
of which on condition that a significant amount of data "manually" or using the exact
methods of calculation is not possible, and the usage of the standard heuristic methods leads
to significant time costs connected with high computational complexity at decisions
forming and large deviation probabilities of found solution from the optimal solution. To
solve this problem it is important to research and use of advanced heuristic algorithms,
among them the increasingly gaining popularity collective intelligence algorithms, its
adaptation, combination of elements and improvement to find the most effective solutions.
The sufficient flexibility for the different variants and the volume of the input data with the
least error results and the acceptable time performance is also important.

Specificity of decision-making tasks is that there is no single universally solutions, and
that’s why actually new DSS have to be created for considering the characteristics of each
subject area. Therefore, the design and creation of DSS for the planning and controlling of
contracts executions, which will allow to make effective and well-founded decisions, is
actual task. Automation of formation and correction of variants of contracts implementation
and representation of the current status of its implementation would ensure efficiency and
timeliness of service provision. Depending on the conditions of the concluded contracts
sanctions may be imposed for the violating of the order terms that negatively effects on the
company profits. Significant time spent on gathering, generalization and processing of
information by hand to create the schedule, considering the main aspects and characteristics
of the company, such as: the large number of different orders, possible individual customer
requirements, presence of factor of certain changes during their performance, inconstancy,
variability of volumes, absence of clear predicted dependence, uneven loading on
production departments lead to delays and downtime in the performance of services, and
not allow to effectively distribute work implementation in time, considering the current
situation [5-8].

The central factor in creation DSS is a subjectivity of decision making process. This
means that only the knowledge and experience of the responsible person is the basis for
getting the final result. Thus, DSS helps find solutions that only with their own
considerations seem to be the best, but without the help of the system it would be very
difficult, impossible or too time-consuming to find it, taking into account the high
complexity of the given problem [3].
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Creating a structure of the DSS based on the identifying its components and the
connections between them [7]. Depending on the DSS destination, data domain, the desired
functionality, as well as the need for interaction with other systems, the structure is
changed, supplemented and improved. Each DSS has its own structure, which contains
some general components, but also is unique.

Materials and methods

It is necessary to study and analyze the process of management of production activity
to develop the optimal DSS structure. To do this we conduct the functional modeling of the
subject field with the use of structural analysis methods and SADT (Structural Analysis and
Design Technique) [9].

The functional model should be developed starting with the receiving of the contract
and up to its performance. The development of the model is based on the point of view of
the executive general manager that provides the adequateness of the management system
presentation.

To define the modeling direction it is necessary to formulate the complex of main
questions, the answers to which we get with the help of the developed functional model:
which staff is engaged in the process of production activity management; what regulatory
documentation influences the production activity management; what functions provide the
business-process of the production activity management; what operations are performed
during the production activity planning; what functions are necessary to be provided with
the support of information-program complex to improve the technical and economic
performance; what bottlenecks are present in the production activity management.

The developed functional model enables us to define the general structure of yje
production activity management process, external and internal interrelationship of its main
components and the allocation of data flows for the provision of each business-process.

Analyzing the developed functional model we define the main functions that need to
be supported with program-informational support that is the functions of production activity
and operations management planning the improvement of which will also be reflected in
control and analytical functions. For key objectives of the decision-making the choice of
the components of decision support system is made that will provide their solutions.

We conduct the cost-benefit model analysis for the assessment of the chosen DSS
components, and on its basis we define the system components that provide minimal rates
of time and cost spending.

Results and discussion

Considered features of data domain, business processes and information flows that
provide them, identified by the functional modeling helped to determine the required
functionality of the DSS and to develop its structure.

General characteristics of the created DSS include:

. assist in decision making process and provision of support for the entire range of tasks,
herein the view of the person responsible for this problem and the information provided
by the computer are a single entity for management decisions;

« Support and growth, but not changing of the considerations and evaluation of the person
taking the decision, because the person controls the situation, and the system only helps
to it;

. focus on maximum efficiency in decision-making process;
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. Implementation of integration of mathematical, statistical, imitating and other models and
analytical methods with standard data access and retrieval of them;

. work in interactive mode, a simple navigation system, and the availability of a number of
contextual tips for all elements;

. building on the principle of interactive solving problems when the user has the
opportunity to maintain an active dialogue with DSS, and is not limited by the
submission of some commands and then waiting for the results of each of them;

. flexibility and adaptability to environmental changes or modifications approaches to
solving problems.

The DSS built structure shown in Figure 1.
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Fig.1. General Structure of DSS

The components of DSS in planning and controlling of the contracts implementation
are the following: Extract, Transform and Load (ETL) tools, Data Warehouse (DW), user
tools. The main data source for DW is a database of information system of contractual
management. As additional data sources, the usage of spreadsheets of logistics department
were offered, which include information on movement used in the performance of the
resources production functions. The tight integration and connection created DSS with the
data carriers existing in the company provides the adequacy and accuracy of information
provision to support decision-making in the management of production activities.

The use of DWs as data source provides informational basis for formation the best
options of decisions and for further their choice with using the experience gained by
analyzing previous situations, which provides further avoid of repetition of errors. DW is a
subject-oriented, integrated, unchanging set of data that supports the chronology and is a
complex source of reliable information for operational analysis and decision making. The
concept of the data warehouse is the distribution of information used in the systems of
operational data processing (OLTP - Online Transaction Processing) and decision-making
support systems. This distribution allows distinguishing and independently improving as
the data structures of operational storage to perform input, modification, deletion and
retrieval, and data structures used directly for analysis [10-13].

DW provides information support of the system functioning due to the centralized
storage of collected data using multi-media information presentation with partial
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eliminating of the requirements of normalization and special leading to denormalization

form, which greatly increases the speed of data processing, since it reduces the number of

required operations on sample data from the connected tables. DW provides the possibility
to analyze data, considering the changes made over a relatively long period of time, which
allows during decision-making process to use information for prior periods and to evaluate

the results of such situations [14-15].

It is proposed to build the structure of DW based on the concept of a hybrid data
warehouse, namely to use a virtual data warehouse (VDW) to consolidate data in it from all
sources, and to use thematic data marts for each specific task. VDW performs a simulation
of work of stately data archive without saving consolidated information from data sources
and performs the transfer only to thematic data marts (DM) [15-16].

The advantages of using VDW are:

. analyzing data at the level of information receiving from information sources without
waiting for its downloading and saving at the intermediate archives;

. minimizing the amount of required disk and main memory, as there is no need for
permanent data storage and numerous aggregated data for different levels of
generalization of information;

. the ability to modify and extend the functionality of DSS by changing only some DM;

. reduce the complexity for service of DW.

Each thematic DM is for informational support in solving problems of a certain range
and contains accumulated within required time reporting and consolidating data which are
used to implement queries and has special data sample for a specific task decisions-making.

The accumulation of information in the VDW and DM performs automatically through
the use of ETL tools which are an intermediate link between DSS and existing information
systems. Tools of data loading consist of packages and services ETL. Services provide
packs implementation due to the schedule, and the packs determine the sequence of receipt,
transformation and aggregation of data which is downloading. In addition, data download
packages ensure avoiding redundancy and duplication of data [17-18].

User set of tools meets the functional needs of users and contains some program
blocks, designed for solving specific problems. A separate block while performing a task
gets the data from the relevant DM. After the data processing and necessary estimations,
the result is displayed in the user interface in a given form. The total number of blocks is
not regulated and is not scaled, it provides, if necessary, the possibility of upgrading
existing and adding new modules to meet the challenges of decision making. User Tools
conventionally divided into three blocks: the formation of the schedule implementation of
orders, Support control functions implementation, formation of reporting documentation.

The block "Formation of the schedule implementation of orders" is intended to form
the schedule options for a given period of time. There is the assessment of each of the
received options and their comparison, making adjustments manually with auto-sensing,
identification of additional configuration options. Built and chosen plan is transferred
electronically to the persons responsible for consideration, and after approval, it is written
to a database of IP contractual management.

Block "Support control functions implementation" provides full and timely
information on the stages implementation of contracts, compliance schedules, the
movement of resources and materials.

Block "Formation of reporting documentation" performs formation of various
reporting documentation in different forms and representations.
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The structure completely covers the entire range of functional needs in solving key
problems of production activities management and is fully integrated with the system
existing in the company.

Conclusions

Creation and implementation of DSS for planning and management of production
activity during the contracts execution would increase management efficiency by reducing
the time spent on drawing up the schedule and monitoring its implementation. The
efficiency of the DSS in the planning and controlling of contracts execution confirmed by
the following factors: rapid development and flexibility in changing the schedule, which
accelerates the execution of client orders and reduces the amount of downtime during their
implementation; significant reduction in time spent for gathering and preparing
information; ability to quickly adapt to the current situation and making appropriate
changes to the schedule; clear time division of work between the performers, which takes
into account the sequence of performance and the characteristics of each contract; the
possibility of permanent monitoring of work performance and evaluation of each individual
contract.
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Abstract

Introduction. Current paper introduces the method for
defining hydraulic losses during coolants flow in conduits and

Keywords: channels of heat exchangers of food production equipment.
Flow The viscosity of these coolants has a power dependency on
Power-law fluid shifting velocity.

Conduit Materials and methods. The power-law fluid were taken
Hydraulic loss into consideration as a special case of silicone fluids. The
Modeling method for determining hydraulic developed is obtained

based on the method of analogies which consists of:
analyzing how local resistances and friction resistances

depend on Reynolds number of Newtonian fluid; changing
the real Reynolds number for Newtonian fluid to Reynolds
number for power-law fluid; and thus obtaining analytical

Article history: formulas. These formulas allow to define hydraulic

Received 22.12.2014 resistances during contraction and expansion of the channel
Received in revised and to define local resistances during flow of power-law
form 04.02.2015 fluids.

Accepted 26.03.2015 Results and discussion. In order to construct expressions

for defining local resistances during power-law fluids flow in

stepped channel and in a turn (which are the most prevalent in
technological equipment) the origins of Newtonian fluid flow
in channels with the same hydraulic resistance were analyzed.
Using the known expressions with the aid of method of
analogy, the formulas for describing the hydraulic resistance
during contraction and expansion of the channel were
Corresponding constructed. These formulas are represented as a sum of
author: values, which are associated with acceleration or deceleration,
contraction or expansion and turning of the flow. Using the
principle of analogy for different cases of Reynolds formula,
the formulas for defining the local resistances of power-law
fluids were obtained.

Conclusion. Obtained expressions can be used to determine
coefficients of local resistances during power-law fluids flow.
They are equally applicable in a wide range of Reynolds
number, which allows to carry out an entirely new design of
technological equipment for food industry in the direction of
reducing energy consumption and material cost.
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Introduction

The majority of technological processes in food technology is tightly related to heat
processes [1, 2]. During heat processes, one of the main problems for specialists to solve is
choosing the right coolant. Usually humid saturated steam is used [1, 2]. This is primarily
due to high value of specific heat of water vaporization (condensation); in addition, it is
non-toxic, fireproof and has the best economic performance [2, 3]. Despite these
advantages, the mentioned coolant has significant shortcomings, namely corrosion of metal
equipment structures under wet steam, producing scale on the walls and the fact that steam
pressure increases too rapidly when temperature increases. Thus, usage of water vapor is
limited for cases where temperature is no higher than 150° C. There is an alternative to
using water vapor — the high-temperature coolants [2, 3]. These include a wide range of
oligo-organic siloxane compounds such as silicone fluids of polymethilsiloxan (PMS) type.
These fluids have a set of properties, which are able to ensure the possibility of high
temperature processes. Namely the property to boil in high temperature range which lies
above 100° C, low pressure at operating temperatures, chemical inertness on construction
materials, favorable thermal properties.

Materials and methods

As materials, the silicone fluids of PMS type are selected. Their viscosity depends on
shifting speed by power law — these are power-law fluids. On the basis of the analogies
method, the model of transitional flow of power-law fluid is proposed. The coefficients of
friction and local resistance, laminar and turbulent length relaxation of input profile of
power-law fluid flow rate in the channels of technological equipment.

Theoretical analysis

Typical values for viscosity of silicone fluids are related to their molecular mass in
such a way that low-molecular fluids have viscosity which is close to that of the water,
whereas high-molecular fluids have high viscosity [2]. The disadvantage is that low-
molecular fluids have low values of flash temperature and small intervals of steam self-
combustion [2, 3]. This fact makes us use only those silicone fluids, which have mentioned
temperatures in 250-300 °C range. These fluids have molecular mass around 10° and
viscosity, which is 10 + 100 times larger than water viscosity [2, 3]. All silicone fluids are
power-law fluids. Their viscosity depends on shifting speed by power law of the following
form [2].

u=K-¢",

(1

K — rheological constant, Pa-sec; & — shifting speed 1/sec; n — flow index (equals 1 for
Newtonian fluid).

These properties of silicone fluids allow to make the following conclusions. Firstly,
the movement of these fluids in pipes and channels of heating devices will be mostly
laminar opposed to movement of water and vapor, which is turbulent. Secondly,

temperature boundary layers will be much thinner than hydrodynamic layers. Thirdly, the
subtlety of temperature boundary layer will not be able to fully compensate the reduction of
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Reynolds number due to laminar nature of heat transfer and smallness of thermal
conductivity coefficient of silicone fluids compared to water.

The intensity of heat transfer is closely related to movement of coolant, and is
determined be hydraulic resistance of pipes and heat exchangers. Due to considerable
viscosity the load on hydraulic equipment is increased, thus in order to correctly choose the
coolant it is needed to be able to calculate hydraulic resistances of power-law (silicone)
fluids. The problem lies in the fact that today little is known about local resistances of
power-fluid fluid compared to the Newtonian fluids flow.

As known, the flows of any fluid can be divided into two groups: sustainable and
unsustainable. The difference between them is easily seen when Newtonian fluid flows in
round pipe. Sustainable flows in round pipe can be laminar and turbulent. Laminar
sustainable flow is the Poiseuille flow with a parabolic profile. Turbulent sustainable flow
is the flow with logarithmic profile [4]. Both profiles are formed from arbitrary initial (or
input) profiles after fluid passes certain path in the pipe. The length of this path is called
stabilization or installation length. Local resistances can be considered independent. Their
values can be summarized in relation to Bernoulli equation only if distance between them is
smaller than stabilization length [4, 5]. The definition of stabilization length if the important
problem in describing hydraulic movement of fluids.

Another important problem is the definition of local resistances. Their values for
Newtonian fluids are known from technical guides. Performing similar researches on
defining local resistances for power-law fluid requires considerable effort. However, this
effort can be significantly reduced when taken into account that vast variety of local
resistances can be reduced to the necessary minimum of basic resistances, from which other
flow resistances can be calculated. This basic set includes local resistances at sudden
extension or narrowing of the channel, rotation of channel without modifying its cross-
section, some other local resistances. When moving through narrowings and extensions
average speed only changes its value but not direction. Ehen moving through the turn, on
the contrary, the average speed value does not change but direction changes. These
statements are valid for any non-Newtonian fluid, in particular, the power-law fluid.

To analyze flow of power-law fluid in narrowings, extensions and turns Newtonian
fluid should be analyzed in laminar mode and at the beginning of turbulent mode. It is
needed to analyze dependencies of local and friction resistances from Reynolds number for
Newtonian fluid and then substitute Reynolds number by Reynolds number for power-law
fluid. This procedure is thoroughly described in literature [6]. Its rationale is based on the
assumption that for fluid with any rheological state equation it is possible to enter the
Reynolds number, which is a numerical measure of relationship for inertia and friction
forces. In order to determine hydraulic characteristics for power-law fluid it is necessary to
be able to calculate relaxation length and local resistances when fluid passes narrowings,
extensions and turns.

Results and discussion

The values of local resistances for narrowings and extensions during Newtonian fluid
flow are well known and have the following form [7]

3

%
4 =0,5(1—%) — narrowings;
1

2
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2
F .
=[1-"9 — extensions,
d ( /’1)

¢ — coefficient of local resistance; F, F; — cross-section areas of narrow and wide part
. 2
correspondingly, m”.

Expressions (2) are valid for Newtonian fluids with Reynolds number which is higher
than 3-10°. These expressions have asymptotical nature by Reynolds number. Dependency
for value ¢ in range from 0 to 3 - 10° is quite complex and is a set of not monotonically
decreasing functions, which depends on the ratio F,,/F). Data processing pursue the goal
not to repeat the results presented in [6], but to define the major trends of dependency on
value Re. It leads to the following expressions for coefficient ¢ in the whole range of
numbers Re:

4 =0,5(1—%)% +&~{1—¢(Re,%j(%j%} — narrowings;

¢ =(1_%)2 +%'{1—W(Res%j'(%jé} — extensions,

@ and y— functions which need to be described further.

€)

Expressions (3) can be interpreted as follows. Coefficient { shows the proportion of
specific kinetic energy which is needed to overcome local resistance. This proportion can
be presented as the amount of energy associated with flow acceleration (narrowing) or
deceleration (extension) and turning flow at some angle. Acceleration and deceleration
correspond to the former terms of expressions (3), while rotation of the flow corresponds to
the latter terms. To prove this one must consider that part of the energy which is consumed
by the turn is proportional to value of angle ¢, which can be expressed through channel
dimensions and the of the segment of current during turn (see fig. 1).

Fig. 1. Flow in segment of expanded channel
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. d, 1. Vi3
¢ ~ arcsin T O£¢£A

nos

C))
¢(Re > 0) = 0; ¢(Re—>0)—>77,

d,, d| — diameters of wide and narrow parts of the channel correspondingly, m; / — length
of current line in segment of the turn.

For laminar flow length / is proportional to Reynolds number and diameter. However,
this length is the stabilizations length. It contains both the turn of current line and
acceleration (deceleration) of the flow in straight segment situated beyond the local
resistance. Based on the fact that overall dependency between £ and Re is power-based, the
conclusion can be made that / ~ d; Re%, where a<1 is constant. In In the considered case o
~1/2. Given these considerations expression (4) can have the following form:

A
¢~arcsin{1—(l%)2 /RY, dINE%a d0~FO%.
1

The general property of expressions (3) is that & - (Fo,/F;=1)=0. It means that functions
@ - (Re, Fy,/F1=0)=1; ¢ - (Re, Fy,/F\=1)=1. From the other side it is known that when
Re—1 the dependency of { on Fy,/F; weakens [6]. At higher values of Re functions ¢ and
w no longer depend on Re. Lots of expressions can be built for ¢ and y however their
exact form should be selected based on experimental data.

Flow of Newtonian fluid during turn is determined by centrifugal force, which causes
secondary eddy currents and fluid rotation [8]. Basically the flow during turn can be
considered as flow with narrowings and extensions for main flow, separating secondary
flows. This is presented on fig. 2.

)

4
~
[
|
I

~

[

:
—d

[

L

Fig. 2. Flow in rotation section

However dimensions and locations of secondary flows depending on number Re are
not entirely known. Thus, it is necessary to choose another way based on expressions for
local friction resistance and friction resistance during Newtonian fluid flow. For turns with
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small curve radius friction resistance can be neglected because total resistance
approximately equals local resistance. For the case in which
Re > 2 - 10° expression for local resistance has the following form [6]

D

gﬂ(q , ©

d — diameter of the channel, m; D — diameter of rotation circle, m; [ —rotation angle, rad.

For bigger diameters of rotation circle there are formulas which have the following

form:
%
£=%Playso[ L)L 500 < Re < 6000
2d D Re,
(7
%
gzﬂ 0.64+9 4 ! ; 6000 < Re <40000
2d Re,

aD — length of the rotation section, m; 1/Rey.,, 1/Rey,4 — proportional friction coefficients.

It is easy to see that first terms in these expressions are parts of energy consumed by
friction because the product aD is the length of rotation section, and 1/Re,,; and 1/Rey 4 are
proportional friction coefficients.

Other terms in (7) should are related to local resistances. As well know the flow in
pipes and channels with turn is characterized by Dean number -
De = ReNd/D [7]. When applied to other terms from (7) this De number for local resistance
of turn ¢, in case of large range of Re number will lead to the following expressions:

25a d\""
Sy “—05(—} , 500 < Re < 6000 ; d/D<1/6;
(ReJd/D) D
0,45
S~ 5—“-(%} , 6000 <Re <40000; (8)

(Re\/d/—D)O,ZS
V2 (d
0,2-

0,50
é’llz_ a- _j ) 20'104£Re<®.
) T D

Using these expressions for local resistance in case of bigger diameters of rotation
circle the following formulas can be elaborated:
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35a d\"*
Coxr————=w1=| » 500<Re<6000; d/D>1/6;

(Re \/d/—D)O,SO D

Ta d\"”
(ReJd/D) D
)

=0

There are several ways to express numeric coefficients in formulas (8) and (9) through
values of function of Re number.

In order to use expressions (3), (8), (9) for the case of power-law fluid it is necessary
to use Reynolds number for power-law fluid instead of Re number for Newtonian fluid. The
latter is defined in the following way:

n_2-n

Re, = _do"p = (10)

o)
8 n

Re, — Reynolds number for power-law fluid; u — viscosity of power-law fluid, Pa - (sec)™,
o — viscosity of power-law fluid when shifting speed is 1, Pa - sec; & — shifting speed,
1/sec; p — fluid density, kg/m’; d — pipe diameter, m; @ — average speed of flow in pipe,
m/sec.

Conclusion

Obtained expressions (3), (8), (9) along with (10) allow to experiment on their
identification and verification allowing to define the form of functions ¢ and y (3). It
should be noted that values y, n, p should be taken from technical guides for silicone fluids
or other substances, viscosity of which depends on shifting speed by power law. After
obtaining these expressions can be used to calculate pressure loss for flows of power-law
(silicone) fluid in pipes and shells of food equipment.
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Introduction. The most energy-intensive sugar production
is in the obtaining crystalline sucrose process. For its
descriptions is realized the first mathematical model phase of
the sucrose crystallization process.

Materials and methods. For non-stationary heat
conduction problem found temperature distribution in four
cells: a sucrose solution-crystal sugar-sucrose solution-
massecuite in one-dimensional coordinate depending case on
the sugar massecuite boiling time for cases of constant and
variable thermal characteristics of the areas on the basis of
finite volume method.

Results and discussion. For ten values relative time boiling
sugar massecuite (t/t. = 0.15; 0.2; 0.3; 0.4; 0.5; 0.6; 0.7; 0.8;
0.9; 1.0) depending on the contact time with the initial system
cells 75 °C temperature of the heating surface tubes whose
temperature is 100 °C. Retrieved temperature distribution in
each considered system cell: sucrose solution-crystal sugar-
sucrose solution- massecuite based on solution of non-
stationary systems of differential equations in parabolic type
partial derivatives with mixed boundary conditions (the first
kind - to the left edge of the first area sucrose solution, and the
second kind - for the right field last massecuite).

The initial temperature of the entire system cells assumed
75 °C. The heating tube surface temperature assumed 100 °C
and such that is constant for all values of t/t. and total contact
time system cells in the heating tube.

If t/t. = 0.15 at the heating tube outlet the medium (by
coordinate) temperature first (left) cell is 99.54 °C at constant
thermal characteristics for each of the cells, and 99.52 °C under
changing thermal characteristics. The average crystal sugar
temperature is 94.67 °C and 94.32°C respectively. The average
right cell sucrose solution temperature is 90.00 °C and 89.42 °C
respectively. The average last cell sugar massecuite
temperature is 76.45 °C and 76.34 °C respectively.

If t/t=0.15 at the heating tubes outlet massecuite
temperature remains almost unchanged compared with the
initial conditions at the distance x=0,0051 m from heating wall.

Conclusions. We found the system cells distribution
temperature in the heating tube depending on the contact time
and depending on location at the outlet from it.
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Introduction

The most energy-intensive sugar production is in the obtaining crystalline sucrose
process [1, 10, 15, 17]. For its controls must create a sucrose crystallization mathematical
model that would fully describe the heat and mass transfer process, which takes place
between the components of the multiphase system such as sugar massecuite. To describe
these processes taking into account all technological factors that affect the crystallization
process is practically very difficult. Therefore, when creating a sucrose crystallization
mathematical model, which is idealized nature, adopted a number of simplifications. In this
case, the sugar massecuite presented as a cellular model [1, 16]. Each cell consists of
crystal sugar, which is surrounded by a cell sucrose solution. It is believed that each cell
sucrose solution operates only its sugar crystal cell, and the interaction of hydrodynamic
and heat and mass transfer processes occurring between cells. To determine the process
parameters effect (heating temperature, pressure) in the crystallization process, you need to
set the transferred material amount between the cells and the sucrose amount of sucrose
solution that will crystallize (or dissolve) when exposed cell sucrose solution with the
corresponding cell crystal sugar. This mass transfer problem is based on getting the system
temperature fields in cells, which is massecuite. Therefore, it was considered the first step
in creating crystallization process mathematical model is associated with finding the non-
stationary heat conductivity problem solution for examining cell system. In this paper
shows the heat process modeling only one cell sucrose solution surrounding a cell crystal
sugar and interaction of these cells with massecuite. Changing temperatures inside the
heating tube on the basis of non-stationary heat conduction problem solution is determined.
The starting point is when the cell gets into the heating tube and the end time is considered
when it comes out of the tube.

Materials and methods

Cell crystal sugar idealized version adopted in the box form with the corresponding
proportion of the parties [2]. Cell sucrose solution has a constant thickness across the
crystal sugar surface [3]. Together, these cell shown in Fig. 1.
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Fig. 1. Cell sugar crystal and cell sucrose solution
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Solution heat problem was seen in one-dimensional case, the coordinate system cells,
as shown in Fig. 2, where the corresponding areas numbers define following cells: 1 — left
sucrose solution cell (the index denote IqL), 2 —sugar crystal cell, 3 — right sucrose

solution cell (IgR), 4 —massecuite cell.

L, L, L,
- T 7, 7 T g, T
7 u/,/,_/,//”/ u/,,,./,/'/”/"/u/,///"/”/"//y///”/"/u/,, ”
ju¢W¢,,3mm%¢¢¢,¢¢¢¢¢%’¢%¢¢¢/”%
(2 TS py Sy e
ol e ,/;,/,,/,’//, l/r//,,/’//,’/, ” /;’//%%// 777,
) Yy, //,/’//,I/,’/I//,./,/,.’/ly’//lﬁ /’//z/,,/”/’
E- & 2 (cr) —j"/u/,,//'/”/”/w/,,/,, I (ms)%y,,/, /”/"/"/u/,,/
o = 2% Yy, /,'/,,/,’/”/11/, %V"/"/"/u/ ’
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Fig. 2. The system cells sucrose solution-sugar crystal-sucrose solution-massecuite participating

in the heat process

Thus, it was necessary to find the solution of system (1) four non-stationary differential
equations parabolic type in partial derivatives (heat equation) for the respective four regions
that contact each other in pairs with mixed boundary conditions (2)-(4) and initial

conditions (5):

oT, o°T
—L=a—,(i=123,4)
Ox

T(0,7) =T, =100,

orT, orT.
N — = L P (l =1,2, 3):
ox |, ox |,
o,
ax x=l,

T/(x,0)=T, =75,(i=12,3,4).
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For each problem's been two types of solutions: those that depend on the variables and
constants thermal characteristics of the cells.

Thermal characteristics of each cells component change during the entire boiling sugar
massecuite cycle. To take into account this, was allocated ten values relative time boiling
sugar massecuite (t/t. = 0.15; 0.2; 0.3; 0.4; 0.5; 0.6; 0.7; 0.8 ; 0.9; 1.0), in which recorded
current values of thermal characteristics. Depending on time of system cells at heating tube
lifting is calculated. He also accepted as a contact time t,,; system cells with the same
initial temperature for all components 75 °C.

The heating tube wall temperature assumed to be equal 100 °C, and this was the
boundary condition for the left area (Fig. 2). All other boundary conditions (3) express the
ideal heat transfer between adjacent system cells.

Boundary condition (4) obtained from the physical sense, because the problem in
three-dimensional case is regarded as axisymmetric (right end in Fig. 2 - is a symmetry axis
of the heating tube).

Solve unsteady system of differential equations (1) with boundary (2) - (4) and initial
conditions (5) an analytical method [4] is difficult.

So in this case was used known finite volume method [5, 6].

The time discretization was At = 0.001 s. The coordinate discretization assumed to
uneven grid, with each cell breakdown the corresponding number of control volumes (nl =
5,12 =20,n3 =35, n4 = 100).

Sizes cells were accepted following: a., = 5.10* m, Oiq = 4,29-10° m, a,=4,87-10> m.

For relative time boiling t/t. = 0.15 final contact time system cells with wall heating
tube 1S Teng = 3,95 sec, with t/1, = 1.0 1S Teng = 67,93 sec.

Results and discussion

Results obtained solutions of equations (1) - (5) is provided in two cases.

In the first case considered average temperatures distribution in the coordinate system
cells sucrose solution-sugar crystal-sucrose solution- massecuite, depending on the contact
time with a heating tube constant (at Fig. 3—6 through curves 1, 3, 5, 7 marked, with the
index const) and variable (at Fig. 3—6 through curves 2, 4, 6, 8 marked, with the index var)
thermal characteristics of components of cells.

In the second case received final temperature distribution system cells when they came
out of the tube heating depending on the distance from the heating tubes for constant (at
Fig. 3-6 through curves 1, 3, 5, 7 marked, with the index const) and variable (at Fig. 36
through curves 2, 4, 6, 8 marked, with the index var) thermal characteristics at t/t. = 0.15.

The calculation results for the first case, the /Tt = 0.15 shown in Fig. 3, the t/t.= 1.0 is
shown in Fig. 4.

The calculation results for the second case, the t/t. = 0.15 shown in Fig. 5, the t/t. =
1.0 is shown in Fig. 6.

142 —— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 1



—— Processes and equipment of food productions ——

O
o
=
1
1
00 1

7
75 8
70 T T T T T T T
0 0,5 1 1,5 2 2,5 3 3,5 4 4,5
tau, sec

Fig. 3. Distribution of average temperatures in the coordinate cell sucrose solution- sugar
crystal-sucrose solution- massecuite depending on the contact time for constant (index const)
and variable (index var) thermal characteristics at /7. = 0.15:

1 —T IqL const,2 —T IqL var,3—T cr _const,4—T cr_var,5— T _IqR_const,

6 —T IqR var,7—T ms const, § — T ms var.

*Curves 1 and 2, 3 and 4, 5 and 6, 7 and 8 the same (or very close, it is not possible to display

the figure)

First, consider the results for the constant thermal characteristics case cells
components at t/t. = 0.15.

As shown in Fig. 3, the left sucrose solution cell almost instantly (t = 0,039 sec) is
heated to a temperature 95.48 °C, while as sugar crystal cell this time temperature only
77.47 °C, the temperature of the right sucrose solution cell is 75.00013 °C and massecuite
cell temperature 75 °C.

When 1/t = 0.15 for all contact time T.,q = 3,95 sec system cells with a heating pipe
wall average temperature the left sucrose solution cell is 95.54 °C; the sugar crystal cell
temperature is 94.67 °C; the right sucrose solution cell temperature is 90,00 °C and the
massecuite cell temperature is only 76.45 °C, which can be explained largely massecuite
cell size compared with the size of sucrose solution cells and sugar crystal cell.

Next, consider the results for the variable thermal characteristics case components of
cells.
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Fig. 4. Distribution of average temperatures in the coordinate cell sucrose solution- sugar
crystal-sucrose solution- massecuite depending on the contact time for constant (index const)
and variable (index var) thermal characteristics at /7. = 1.0.
1 —T IqL const,2 —T IqL var,3—T cr _const,4—T cr_var,5— T _IqR_const,
6 —T IqR var,7—T ms const, § —T ms var
*Curves 1 and 2, 3 and 4, 5 and 6, 7 and 8 the same (or very close, it is not possible to display the
figure)

As shown in Fig. 3, the left sucrose solution cell almost instantly (t = 0,039 sec) is
heated to a temperature 95.31 °C, while as sugar crystal cell this time temperature only
77.37 °C, the temperature of the right sucrose solution cell is 75.00 °C and massecuite cell
temperature, as in the case constant coefficients of thermal characteristics, is 75 °C.

When 1/t = 0.15 for all contact time T.,q = 3,95 sec system cells with a heating pipe
wall average temperature the left sucrose solution cell is 95,52 °C; the sugar crystal cell
temperature is 94,32 °C; the right sucrose solution cell temperature is 89,42 °C; the
massecuite cell temperature is 76,38 °C, which also can be explained largely massecuite
cell size compared with the size of cells sucrose solution and sugar crystal.

At first glance the difference between the temperatures obtained for constant and
variables to thermal characteristics seem insignificant. However, further creating a
diffusion mass transfer mathematical model is taken into account data closer to real
conditions of sucrose crystallization, i.e., variable thermal coefficients.
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Similarly, first consider the results for the case of constant cells components thermal
characteristics at t/t, = 1.0.

As shown in Fig. 4, the left sugar solution cell almost instantly (t= 0,679 sec) is
heated to a temperature 98.90 °C, while as sugar crystal cell this time temperature only
88.81 °C, the right sucrose solution cell temperature is 80.81 °C, and the massecuite cell
temperature is the 75.31 °C.

When t/1.= 1.0 for all contact time T, = 67,93 sec system cells with a heating pipe
wall average temperature the left sucrose solution cell is 99,89 °C; the sugar crystal cell
temperature is 98,72 °C; the right sucrose solution cell temperature is 97,55 °C; the
massecuite cell temperature is 80,28 °C, which can be explained largely massecuite cell
size compared with the size of cells sucrose solution and sugar crystal.

Next, consider the results for the variable thermal characteristics cells components
case.

As shown in Fig. 4, the left sugar solution cell almost instantly (t = 0,679 sec) is
heated to a temperature 98,85 °C, while as sugar crystal cell this time temperature only
88.34 °C, the right sucrose solution cell temperature is 80.38 °C, and the massecuite cell
temperature, as in the case constant thermal characteristics coefficients is 75.28 °C.

When 1/, = 1.0 for all contact time T.,q = 67,93 sec system cells with a heating pipe
wall average temperature the left sucrose solution cell is 99,88 °C; the sugar crystal cell
temperature is 98,61 °C; the right sucrose solution cell temperature is 97,34 °C; the
massecuite cell temperature is 80,13 °C, which also can be explained largely massecuite
cell size compared with the size of cells sucrose solution and sugar crystal.

In this case, into force more contact time with a heating system cell wall temperature
changes are more substantial in each cell. The difference between the temperatures obtained
for constant and variables to thermal characteristics are also minor deviations for normal
engineering calculations. However, further creating a diffusion mass transfer mathematical
model is taken into account data closer to real sucrose crystallization conditions, i.e.,
variable thermal coefficients.

If the temperature distribution in the cells system depending on the distance from the
heating tube (fig. 5, 6) consider the results for the case t/t. = 0.15 and t/t, = 1.0.

As shown in Fig. 5, the t/t.= 0.15 temperature cells system with distance from wall
heating decreases significantly, and at a distance of 4.826-10° m temperature is only in the
case constant thermal characteristics is 75.00002 °C, and such 75.00001 °C same distance
in the variable thermal characteristics case. So there are all prerequisites to further consider
the mass transfer process in the t/t. = 0.15 is within the limits the variable coordinate x.

As shown in Fig. 6, the t/t. = 1.0 temperature cells system with distance from wall
heating significantly decreases at a greater distance from the previous case, and at a
distance of 2.213-10?m temperature is only 75.00001 °C in the constant thermal
characteristics case, and the same distance 75.00001 °C the variable thermal characteristics
case. So there are all prerequisites to further consider the mass transfer process in the t/t. =
1.0 it is at this level in the variable x coordinate.
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Fig. 5. Temperature distribution system cells depending on the distance from the
heating tubes for constant (index const) and variable (index var) thermal
characteristics at t/t. = 0.15:

1 —T const,2 —T varto.

*Curves 1 and 2 the same (or very close, it is not possible to display the figure)
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Fig. 6. Temperature distribution system cells depending on the distance from the
heating tubes for constant (index const) and variable (index var) thermal
characteristics at t/t. = 1.0:

1 —T const,2 —T var.

*Curves 1 and 2 the same (or very close, it is not possible to display the figure)
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Conclusions

The results on the temperature distribution in the four cells system: sucrose solution-

sugar crystal-sucrose solution-sugar massecuite depending on the contact time with a
heating pipe wall, and depending on the heating pipes output coordinates provided the
contact time is the appropriate value for relative time boiling t/t.. Based on this need in the
future to consider the temperature distribution problem between both cells contacting each
other and the diffusion mass transfer problem for such cells systems.

10.

11.

References

Kulinchenko V., Mironchuk V. (2012), Promyshlennaya kristallizatsiya sakharistikh
veshchestv: A Monograph, NUPT, Kyiv.

Pogoriliy T. (2014), Obiemna heometrychna model krystaliv tsukru v systemi
komirok: krystaly tsukru-mizhkrystalni rozchyny sakharozy-parova bulbashka,
Naukovi pratsi NUKHT, 20(5), pp. 141-151.

Pogoriliy T. (2014), Obiemna heometrychna model mizhkrystalnoho rozchynu
sakharozy v systemi komirok krystaly tsukru-mizhkrystalni rozchyny sakharozy-
parova bulbashka, Naukovi pratsi NUKHT, 21(2), pp. 139-150.

Pogoriliy T., Mironchuk V. (2012), Mathematical modeling of recrystallization based
on analytical solutions of non-stationary heat conduction problems in two-
dimensional case for rectangular areas with heterogeneous (continuous and
discontinuous on one side) boundary conditions and inhomogeneous initial
conditions, Abstracts and posts XIV Minsk International Forum on heat and Mass
Transfer, 10-13 September, Vol. 1, Part 2, Minsk Institute of Heat and Mass Transfer
them. AV Lykov NASB, pp 761-764.

Eymard R. Gallouét, T. R. Herbin R. (2000), The finite volume method, Handbook of
Numerical Analysis, VII, pp. 713-1020.

LeVeque, Randall (2002), Finite Volume Methods for Hyperbolic Problems,
Cambridge University Press.

Yapo B.M. , Robert C., Etienne 1., Wathelet B., Paquot M. (2007), Effect of
extraction conditions on the yield, purity and surface properties of sugar beet pulp
pectin extracts, Food Chemistry, 100(4), 2007, pp. 1356-1364

Loginova K., Loginov M., Vorobiev E., Lebovka N.I. (2011), Quality and filtration
characteristics of sugar beet juice obtained by cold extraction assisted by pulsed
electric field, Journal of Food Engineering, 106(2), pp. 144-151.

Ballesteros 1., Ballesteros M., Cara C., Saez F., Castro E., Manzanares P., Negro M.J.,
Oliva J.M. (2011), Effect of water extraction on sugars recovery from steam
exploded olive tree pruning, Bioresource Technology, 102(11), June 2011, pp. 6611-
6616.

Tetiana Vasylenko, Sergii Vasylenko, Jeanna Sidneva, Vitalii Shutiuk (2014), Best
available technology - innovative methodological framework efficiency of sugar
production, Ukrainian Food Journal, 3(1), pp. 122-133.

Thomas G.C., Veloso G.O., Krioukov V.G. (2007), Mass Transfer Modelling in
Counter-Current Crossed Flows in an Industrial Extractor, Food and Bioproducts
Processing, 85(2), pp. 77-84.

—— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 1 147



12.
13.
14.
15.
16.

17.

148 —— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 1

—— Processes and equipment of food productions ——

Zeki Berk (2013), Chapter 11 - Extraction, Food Process Engineering and
Technology (Second Edition), pp. 287-309.

Baikow V.E. (2013), Chapter 10 - Boiling of Raw Sugar Massecuites, Manufacture
and Refining of Raw Cane Sugar, 2013, pp. 144-166

Hugot E. (2014), 32 - Sugar Boiling, Handbook of Cane Sugar Engineering, pp. 459-
528.

Jenkins G.H. (2013), Chapter 21 - Sugar boiling, Introduction to Cane Sugar
Technology, pp. 265-284.

Lauret P., Boyer H., Gatina J.C. (2000), Hybrid modelling of a sugar boiling process,
Control Engineering Practice, 8(3), pp. 299-310.

Claudio Soares Cavalcante, Fernando Medeiros de Albuquerque, Chapter 14 - The
Sugar Production Process, Sugarcane, 2015, pp, 285-310.




—— Processes and equipment of food productions ——

Water retention capacity of sugar beet pulp dried by

various methods

Nataliya Ivashchenko, Vitalii Shutiuk,
Volodymyr Bondar, Oleksandr Riabchuk

National University of Food Technologies, Kyiv, Ukraine

Keywords:

Drying

Sugar

Beet

Water retention
Pulp

Abstract

Article history:

Received 12.03.2015
Received in revised
form 13.05.2015
Accepted 20.05.2015

Corresponding
author:

Vitalii Shutiuk
E-mail:
schutyuk@ji.ua

Introduction. Dried sugar beet pulp should become one of the
main ingredients of cattle forage in Ukraine, and so production of
such pulp is a very important task, given the necessity of
processing by-products of the sugar industry in the absence of
large cattle-breeding complexes.

Materials and methods. Fresh sugar beet pulp has been used
as a food product in a form of an extracted chopped straw of 50
micrometers to 1 mm, with the moisture content of 76 to 80 %.
Researches with application of the convection drying method have
been conducted in the DNG-9035A drying cabinet. The water
retention capacity was determined as a ratio of the amount of water
retained by the fibres and remaining in the test tube after
centrifuging, and the corresponding amount of dry substances
(accuracy =1 g of water/g of dry substances).

Results and discussion. Based on the conducted experiment
analysis, it has been determined that the pulp dried by the low-
temperature method mostly swells in the first 15 to 20 minutes.
Within this time period, soaking up to the recovery coefficient f =
0,84...0,89 takes place. The maximum value of the recovery
coefficient amounts to 0,93 per 30 minutes for the pulp dried with
hot air at the temperature of 100 °C.

As a result of conducted experiments, we have determined
that the granulated pulp dried under such method swells within the
first 20 minutes, whereas the pulp shreds swell within the first 80
minutes. Within this time period, soaking up to B = 0,69 takes
place. The maximum value of the granulated pulp recovery
coefficient amounts to 0,76 per 35 minutes. However, afterwards,
due to mechanical damages in the process of granulation, the
product loses its shape completely, and turns into a liquid powder
concentrate. The maximum value of the pulp shreds recovery
coefficient amounts to 0,78 per 105 minutes.

An excessive heat strain per each unit of the material causes
considerable destruction of the capillary porous pulp structure, and
formation of a crust on the surface, therefore moisture penetration into
the material is complicated, and so the liquid interacts with the solid
material structure quite slowly. Moisture does not penetrate into
destructed cells, and fills open capillaries and pores of the material
only.

Conclusions. More destructed structure of the pulp facilitates
renewal of initial properties as a result of moisture absorption.
However, the ability to absorb moisture after drying is one of the
necessary conditions determining the quality of final product.
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Introduction

By-products of sugar beet processing, i.e. pulp and molasses, are the principal forage
for cattle feeding. Sugar beet pulp is effectively used for feeding ruminants due to the high
dietary fibre content (up to 25 % of the dry matter) [3]. Sugar beet pulp may replace a
significant share of cereals in concentrate mixtures for cattle cows. It is acceptable to
replace up to 30 % of the dry matter of dairy breeds forage, and up to 50 % of the beef
breeds forage [7]. Around 8,6 million tons of dried sugar beet pulp (in granules and shreds)
are produced globally, and the product is mostly used as a separate component in cattle
forage or as a compound feed ingredient [1].

Major countries producing granulated sugar beet pulp are Germany, France, the United
Kingdom, Ukraine, the USA, Canada, Japan, China and Chile. In Germany, France, the UK
and the USA, over 50 % (about 4,5 million tons) of the global dried granulated sugar beet
pulp is produced on 96 sugar factories, whereas in total there are about 700 sugar factories
in the world [2, 6].

The cattle forage composition is usually determined by means of the so-called Least
Costing Program. If all ingredients (and corresponding digestibility) of the fodder products
are known, the final and definitive composition of the cattle forage, depending on the
nutrition needs (the life cycle and the production plan), is selected out of the available
fodder products under the Least Costing Program. An optimal composition depends on the
price of each fodder product, and is calculated with the account of the necessary product
value amount, based on the minimal price. Dried sugar beet pulp should become one of the
main ingredients of cattle forage in Ukraine, and so production of such pulp is a very
important task, given the necessity of processing by-products of the sugar industry in the
absence of large cattle-breeding complexes [3, 4].

The research objective is to determine the recovery of the sugar beet pulp dried by
various methods, and under different temperature conditions.

The research task is to draw attention to the increase of dried sugar beet pulp
production, as well as to the improvement of the quality of this product; to give practical
recommendations for the methods and conditions of sugar beet pulp drying.

Materials and methods

Fresh sugar beet pulp has been used as a food product in a form of an extracted
chopped straw of 50 micrometers to 1 mm, with the moisture content of 76 to 80 %. Dried
substances contained, in %: hemicelluloses — 25 to 33, cellulose — 20 to 27, lignin — 1 to
6, uronic acids — 21,5 to 23, protein — 7 to 12, residual sucrose — up to 0,5, ashes — 4.
Pulp samples were frozen (—40 °C) for storage, and defrosted to the room temperature prior
to every drying experiment.

Researches with application of the convection drying method have been conducted in
the DNG-9035A drying cabinet (the drying chamber volume of 30 1, and the maximum
power consumption of 850 W). Such dryer ensures the drying agent temperature within the
range of 5 to 300 °C, with the temperature setting discreteness of 0,1 °C, and the
temperature stability of +1 °C.

For the purpose of determining the water retention capacity, the dry product sample (up
to 2,0 g) was weighed and poured over with distilled water (20 °C) in a test tube [5]. The
product was saturated with moisture at 20 °C temperature, and stirred every 5 minutes.
Then, the product was centrifuged during 10 minutes. The water retention capacity was
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determined as a ratio of the amount of water retained by the fibres and remaining in the test
tube after centrifuging, and the corresponding amount of dry substances (accuracy +1 g of
water/g of dry substances).

The amounts of dry substances were measured by samples drying in the drying furnace
at 105 °C temperature, until the mass of dry substances became constant. The method
accuracy is 0,1 %.

Results and discussions

Influence of the sugar beet pulp drying conditions over the pulp recovery capacity has
been evaluated by the following methodology: a batch of fresh pulp taken from the
diffusion machine was split into two groups. The first group of samples was dried to the
moisture content W= 14 % in a AK-2-type pulp drying cylinder; the second group of
samples was dried under the laboratory conditions, by the conductive and convention
drying methods, to the moisture content W = 28 %.

In order to evaluate the recovery capacity of dried sugar beet pulp, it is appropriate to
select an indicator which would quantitatively characterize the moisture absorbing capacity.
In most cases, researchers use the relative swelling coefficient K as such indicator, and it
represents the recovery of the sample mass m, after soak to the initial mass m;:

K= le/ my. (1)

Figure 1 represents the dependence of the swelling coefficient K on the watering
process duration for three types of sugar beet pulp: curves /, 2 — samples of industrially
made granulated pulp and pulp shreds, curve 3 — samples of sugar beet pulp obtained by
the conductive drying method. The highest coefficient K was that of the laboratory samples.
In our opinion, this may be explained by the fact that the dewatering process took place
under quite moderate temperature strains, while the osmotically retained moisture partially
remained within the material (the final moisture content was 28 %). Development of a crust
and further destruction of the crust created conditions for free moisture penetration into the
material, and for the moisture interaction with the substance structure.
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Figure 1. Alteration of the pulp relative swelling coefficient
For different types of pulp:
1 — granulated pulp; 2 — pulp shreds; 3 — pulp obtained by the method
of conductive hot air drying at t =115 °C
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For pulp shred samples, the K coefficient was the lowest at the end of the trial, at t=
80 min. and K = 4,15 (not indicated in the Figure above). An excessive heat strain per each
unit of the material causes considerable destruction of the capillary porous pulp structure,
and formation of a crust on the surface, therefore moisture penetration into the material is
complicated, and so the liquid interacts with the solid material structure quite slowly.
Moisture does not penetrate into destructed cells, and fills open capillaries and pores of the
material only.

However, the K coefficient is not accurate enough to characterize the recovery, since it
only determines a ratio of the final sample mass m, to the initial mass m;. Researchers have
recently started to apply another indicator which directly demonstrates how closely a
moisture content of a material approximates to the initial moisture content, or how the
overall material mass after the material watering approximates to the initial material mass
which is deemed as 1 or 100 %. Such indicator is the recovery coefficient [3:

B= Wy 2)
The moisture content in the recovered material may be estimated by the ratio
W, = (100 — Wy)/ B, €)

where W, is the moisture content of the dried material, in %.

The subject of the research aimed at determining the recovery coefficient was pulp
shreds dehydrated at various temperatures of the drying agent — 40, 60, 80 and 100 °C. The
research results are shown on the Figure 2.
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Figure 2. Recovery of pulp at different drying temperatures

Based on the conducted experiment analysis, it has been determined that the pulp dried
by the low-temperature method mostly swells in the first 15 to 20 minutes. Within this time
period, soaking up to § =0,84...0,89 takes place. The maximum value of the recovery
coefficient amounts to 0,93 per 30 minutes for the pulp dried with hot air at the temperature
of 100 °C.

For comparison, we have carried out a series of similar researches on pulp shreds and
granulated pulp samples industrially made at the Rokytnyanskiy and Dubnivskiy Sugar
Factories. As a result of conducted experiments, we have determined that the granulated
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pulp dried under such method swells within the first 20 minutes (curve / on the Figure 3),
whereas the pulp shreds swell within the first 80 minutes (curve 2 on the Figure 3). Within
this time period, soaking up to B = 0,69 takes place. The maximum value of the granulated
pulp recovery coefficient amounts to 0,76 per 35 minutes. However, afterwards, due to
mechanical damages in the process of granulation, the product loses its shape completely,
and turns into a liquid powder concentrate. The maximum value of the pulp shreds recovery
coefficient amounts to 0,78 per 105 minutes (not shown on the Figure 3).
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Figure 3. Recovery of industrially made pulp

As it can be seen, the absorption process takes place very intensively at the beginning
of watering, approximately within the first 5 minutes. Later on, the process slows down and
basically switches over to the saturation stage. The best recovery of pulp shreds is observed
under the laboratory drying conditions, at temperatures over 100 °C. It may be explained by
the fact that under such conditions shred cells are destroyed, and moisture gets free access
to the middle of the product.

Evaluation of the Regression Equation Appropriateness.

The experimental research results shown on Figures 2 and 3 represent the dependence
of dried pulp samples restorability on the watering duration and the drying temperature. For
approximation of such kind of data by empirical dependences, we have used such equation
as

B=B,+ A, (1-e""" ), @)

where By is the recovery coefficient at the initial moment in time; Ay is the maximal
restorability coefficient value; and &, & are the empirical equation coefficients at min. ™,
min.”? (respectively).

For estimation of the coefficients in the equation (4), the Statistica software has been
used. The values of Bo, Ax, &, k coefficients and the correlation coefficient #* are shown in
the table below.
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Table
Dried pulp recovery coefficients

Industrially made dried pulp Pulp dried unflelzr laboratory
conditions
Coeffi- . S . by the
cient Rokytnyanskiy Dubnivskiy by the conductive convection

Sugar Factory Sugar Factory method method
granules | shreds |granules | shreds 60 °C 80 °C 60 °C 80°C
Bo 0,16 0,16 0,16 0,16 0,25 0,25 0,16 0,16
Ar,% 0,71 0,69 0,72 0,76 0,91 0,88 0,93 0,91
k, xB" -0,0269 | -0,1612 | —0,0177 | —0,1302 | —0,1385 -0,1207 | -0,1672 | —0,1525
ky, XB~ 0,00013 | 0,00349 | —0,00003 | 0,00265 | 0,00345 0,00275 | 0,00353 0,0031
” 0,999 0,969 0,979 0,964 0,975 0,980 0,975 0,984

The diagrams a and b shown on the Figure 4 indicate the ratio between the
experimental points B, and B,, as approximated by the equation (4), for the samples of
laboratory pulp shreds dried by the convection method, whereas the diagrams a and b on
the Figure 5 represent the same ratio for the samples of laboratory pulp shreds dried by the
conductive method.

For more clearness, the diagrams contain auxiliary lines +10 % and —10 % indicating
that the experimental data deviation from the approximated data is lower than the
acceptable 10 %.

BJJ B,q /
08 | 08 //./j.- .
e 7 Py
0,6 /,{,/« = 0,6 /’/ e
0.4 /.,.., e +10% | 04 /f = +10 % |
— —me— () %_ %~ —m— —10) %_

02 * 0,2

0 | 0 |
0,2 0,4 0,6 0,8 B, 0,2 0,4 0,6 0,8 B,

Figure 4. Ratio of B, Experimental Data and B, Estimated Values
for Pulp Laboratory Samples Dried by the Convection Method:
a—under t=60°C; b —under t =80 °C
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Figure 5. Ratio of B, experimental data and B, estimated values
for pulp laboratory samples dried by the conductive method:
a —under 7= 60 °c; b — under = 80 °c

Conclusion

Hence, we may conclude that, the more the structure of a vegetative material is
destroyed, the better opportunities such material has for recovery of its initial properties,
owing to moisture absorption. However, the moisture absorption capacity after drying is
only one of a number of necessary conditions that determine the final product quality: at
excessive temperature strains, vitamin complexes decay, and the jelly-generating capacity
of sugar beet pectin declines. Taking into account all the factors, one or another drying
method gains priority in terms of the finished product ultimate utilization purpose.
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AHoTaiil
XapuoBi TexHosnorii

SAxicTh 1akepan (cyxoi 3acoseHoi cKymMOpii), BUTOTOBJICHOI Pi3HMMH CIIOC00aMH B
Cinoncbkomy perioni

Hiilya Turan, Can Okan Altan, Demet Kocatepe, Asuman Ceylan
Cinoncoxuii ynisepcumem, Cinon, Typeuuuna

Beryn. YV pocnimpkeHHi po3risiHyTI (i3u4Hi, XIMiYHI 1 MIKpOOiOJIOT1UHI BIIACTHBOCTI
Jmakepau (KOHCepBU 31 CKymOpil), IO BHIOTOBJICHA B pi3HUX PHOHMX Mara3uHax i
MIPUBATHUX TOCIOAAPCTBAX.

Marepianu i merogm. Ilix yac KOHTPOJIO SIKOCTI JIaKEepJH MPOBOIMIMCS aHANI3H
BMICTY COJi, JIETKUX 3’eiHaHb a3ory TVB-N, peakTHBHUX CIOJYK Tio0apOiTypoBOi
kuciotd TBARS, 3nauenns pH, aktuBHocTi Bogau (Aw), 3arajbpbHOrO yuciaa Me30(iIbHUX
(TMB) i ncuxorponuux (TPB) Oakrepiii, kumkoBoi nammuku (TC), usini ta (TMY)
JIPIKIDKIB.

PesynbraTi i 06roBopeHHsi. BMicT comi B TkaHMHAX 3MiHIOBaBcs Bix 11,96 no 14,59,
a aKTUBHICTh BOAM JUIA BCIiX TPYI 3HAYHO BifpisHAeThCs (p <0,05). Crocrepiranach 3Ha4HA
KOpeJsllisi MK HOIIMHaHHAM coiii ¥ aktuBHicTIO Bomu. A, C i E rpynu manu Hmwxuy
aKTHBHICTh BoaM i Bummii BMicT comi (p <0,05). Kimpkicts TVB-N BapiroBanacs Bix 20,01
1o 34,14 mr / 100 1, a Mmakcumanbue 3Ha4eHHs TVB-N Oyno otpumane s Jakepay, sika
MICTUTh MiHIMQJIbHY KIIBKICTh COJIi 1 MaKCUMaJIbHE 3HaYeHHsI aKTUBHOCTI BOJIW. 3HAUCHHS
TBARS s3natineni mis A, B, C, D, E rpyn i ckianatots, Biamosigso, 19,54, 15,78, 17,58,
19,52 i 6,84 mr MDA/kr. Hatimenmri 3HadeHHs TBARS mae gomamns jakepna, sika
MICTUTh 3HA4YHY KiJIbKICTh comi. [Iyisl 11i€i rpynu BCTAHOBJIEHO Kpally SIKiCTh 1 33 1HIIUMH
KPHUTEPISMH.

Haiinmkua 3aranbHa KiJbKiCTh Me30(UIbHUX OakTepii BusiBieHa B rpymi D. I'pynu A,
B, C i E Bigpi3usutuck He3Ha4HO. Pe3ynbTaTé MiKpOOiOJIOTiYHMX JOCITIHKEHb Ul Pi3HUX
rpyn 3HayHo Binpizasiacs (P<0,05), mpore Bci rpynu BH3HAY€HO NPUAATHUMH JUIS
CHOKUBaHHS 32 MiKPOOiOJIOT1YHUMH [TOKa3HUKAMH.

BucHoBok. BinMinHOCTI B crmoco0i comiHHA (THIT COJi, CIOCiO, TirieHa, BUIAJCHHS
KpOBI, TemIiepaTypa 30epiranHs i TOIO) MalOTh 3HAYHUH BIUIMB Ha SIKIiCTh JaKEeP.IH.

Kunro4dosi ciioBa: puba, naxkepoa, coninna, Koncepgysamns.

CxopuoHepa i ikoH K (PYHKIiOHATBHI 30arayyBayi XapuoBHX NPOAYKTIiB

1 . 1 2
Amna bamrra', Hagis IBuyk , Onexcanap bamra
1- Hayionanvnuii ynisepcumem xapuogux mexuonoeiu, Kuis, Yxpaina
2- Hayionanvnuu agiayivinuii ynieepcumem, Kuis, Yxpaina

Beryn. V cBiti icHye mpobiema nedinury mosicaxapuiuiB, MIO TPH3BOAUTH JI0
PO3BUTKY pi3HHX 3aXBOPIOBaHb. MeTa MOCIIHKEHHs: BU3HAUCHHS CKIIaAy MONiCaxapuiiB
TaKol POCIMHHOI CHPOBHHH, SK CKOPIIOHEpa i SKOH JUisl 30arayeHHs Ii€I0 CHPOBHHOIO
XapUYOBHX MPOAYKTIB.
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Martepianu i meTomn. BuzHaueHo BMICT mosicaxapu/iB y KOpeHEIUIonax SKOHY W
KOpPEHEBUII[AX CKOPIIOHEPH, IMIOpE Ta MOPOIIKaX 3 HUX 3a BIIOMUMH METOIUKaMH. Bmict
MEeKTHHOBUX PEYOBUH BU3HAYABCS BAroBUM METOJOM, BMICT IHYNIHYy — 3a METOIOM
Beprpana. BuzHnaueHHs MacoBOi YacTKM KIIITKOBMHU 3IiMCHIOBAJIOCS HA OCHOBI pO3KJa-
JIaHHI BCIX IHIIMX OPTaHIYHUX PEYOBMH KOHILIEHTPOBAHOIO a30THOIO KHCJIOTOIO B CyMimIi 3
OLITOBOIO M TPHUXJIOPOLTOBOIO KUCIOTAMH.

PesyabraTu i 0o6roBopenns. CxopiioHepa Ta SIKOH — JIOCHTh IIiHHI KOPEHEIUIOAN 3a
CBOTMH Xap4YOBUMHU 1 O10JIOTIYHUMU BIACTUBOCTIMH. JlocmikyBaBcs sskoH copty KOmuHKa,
JoBxuHOI 0113bk0 20 cM, miamerpom — 10 cM, 3 CP (cyxi peuoBunn) — 16% i BMicTOM
inyniny — 7 %, ¢ppykros3u — 5 %, kiitkoBuau — 0,6 %o.

Kopenesuma ckoprionepu Mictiiu 3 BMictom CP — 15%, inyminy — 5,7 %, nektuny —
0,9 %, xaitkoBuan — 0,8 %.

Sk y mope, Tak i TMOpOMIKax JOCTIIKYBaHOI CHPOBUHH 30epiraeTbcsi 3arajibHa
TEHJISHIIisl 10 BUCOKOTO BMICTY iHYIiHY sikoHy (41,5 - 42,3% na CP) ta ckopuonepu (37 -
38,2 % na CP), kimitkopuan — 2,8-3,4 % ua CP sxony Tta 3,1 - 3,7 % Ha CP ckopuoHepH.
Ie nOBOIUTH TOUINIBHICTD 3aCTOCYBaHHS MPOAYKTIB IepepoOIICHHS SIKOHY i CKOPIIOHEPH SIK
(yHKIIOHAJIBHUX 30arauyBadiB y TEXHOJIOTT OTPUMAaHHS 03I0pPOBYHX ITPOIYKTIB.

OTpuMaHi pe3yabTaTH MIATBEPAWIN CKIAJIHICTh peatizamii  (yHKIIOHaJIBHOTO
30aradyeHHsl NEeSKUX Xap4yOBHX MPOIYKTIB IUIIXOM BHECEHHS IO PEUENTypH IIOpe, SKe
MIiCTHTB ycboro 15 - 18% cyxux pedoBHH i, BiTnoBigaHo, 6,3 - 7,5% iuyminy Ta 0,7 - 1,2%
KJIITKOBHHU. Uepes 1ie B OLIbIIOCTI TEXHONOTIH Xap4OBHX MPOIYKTIB 3aCTOCYBAHHSI IIOPE B
KiJbKOCcTi MeHme 15% 1o Macu mpoaykTy He Ja€ MiJCTaB OYiKyBaTH (pyHKIIOHAIBHO
30arauyBajbHOTO €(EeKTYy.

BukopucranHs mopomKy oOpaHOi CHPOBHHHM IJIsl OTPUMAaHHS XapyOBUX IPOIYKTIiB
MOXE CYTTEBO IIJBHIIUTH B HHUX KUIBKICTh Xap4YOBHX BOJIOKOH, TOMY HIO IOPOUIOK i
CKOpIIOHEpH, 1 SIKOHY 3 BUCOKUM BMicToM CP (87 - 90%) MicTuTh 3HayHy KUIBKICTh
ToJTicaxapuIiB.

MoskJIMBe 3aCTOCYBaHHS TMOPOIIKY SIKOHY Ta CKOPLIOHEpH JUIsi OTPUMaHHS MOpO3HBa
03/I0POBYOTO TpH3HAa4YeHHS. Halikpalioro 103010 BHECEHHS [0 BEPIIKOBOIO MOpPO3HBa
¢ yHKITIOHATBHOTO 30arauyBaua € 3-4 % MOPOIIKY CKOPIIOHEPU YU SKOHY.

BucnoBku. SIk ckopuoHepa, Tak i SKOH MICTATh 3HaYHY KUIBKICTH MOJNiCaXapHIIiB,
30KpeMa IHYJIiHY, 1[0 Ma€ MPeOIOTHUYHI BIIACTHBOCTI, TOMY Ili KOPECHEIUIOAU € IOCUTh
TIEPCIIEKTUBHUMH JIJIs1 BAKOPHCTAaHHS Y c(hepi 03J0pOBUOr0 XapUuyBaHHSI.

KarouoBi ciioBa: nonicaxapuo, ckopyonepa, ikow, iHyJiH, 300p08 5.

BruiuB cTyneHst JIyIiHHsI, 3B0JI0:KYBaHHS 1 BiIB0JIOKYBAHHS 3€PHA CIEJbTH HA BUXIJ
KPyIH Ta ii AKicTh

Hina Ocokina, Bitamiii JIroouu, Banepis Bo3isu
Ymancokuii nayionanonuil ynieepcumem cadisnuymea, m. Ymanw, Yepaina

Beryn. [lns 3epHa crienbTH He pO3pOOJIEHO TEXHOJIOTIT MepepoOKH HOro B Kpymy,
TAaKOXX HE BU3HAYCHO ONTHMAJBHHUX IAapaMeTpPiB 3BOJIOKYBAaHHS Ta BiJBOJIOXKYBAaHHS, IO
ICTOTHO BIUTMBAIOTH Ha BUXiJI TOTOBOT'O IPOJYKTY.

Martepianu i MmeTogu. 3epHo crieibTH BojoricTio 12 % 3BonoxyBasocst 10 3a7aHoi
Bosorocti 13 %, 14, 15, 16 1 17 % i BigBoioxkyBayocs nporsrom 0,5, 1, 1,5 1 2 rox, micns
YOro HampaBJsuIocsi Ha mnepepoOKy. JIymiiHHS 3epHa 3JilicHIOBaIOCS Ha J1aOOpaTOPHOMY
JYIMWIEHUKY 3 TEPTSIM Horo o0 abpa3uBHY MOBEPXHIO, 10 CIPHYHHSE TYHIEHHS 000JIOHOK
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31 mBHAKiCTIO 00epraHHi poOouoro oprana 3000 o6/xB. KymiHapHa ominka kamm 3i
CIIEJIBTH NIPOBOAMIIACS 32 9-0aJIbHOIO IIKAJIOK.

PesyabraTu i odroBopenns. KyngiHapHa olliHKa Kali i3 3epHa CIEIbTH 3MIHIOETHCS
3aJIeKHO Bifl CTymeHs Woro nymiHHs. Tak, CHIbHO BHpaKEHHMH 3alax Mae Kpyma 3i
cryneHeM naymniaHA 10-22 % — 9 OGamiB. 14—22-BiICOTKOBHIA CTYIIHb JIVIIIHHS 3epHA
3a0e3neuye CHJIbHO BUPaXXEHHI CMaK Kallli, [0 3yMOBIICHO 3MEHIIIEHHSIM BMICTy OOOJIOHOK
3epHa B Kpymi. Hmwxkuuit crymine nyminas 3epHa (4—14 %) 3yMOBIIOE BHPaKEHUH CMak
kanri. Komip kamr 3MiHIOETBCS BiJi KDEMOBOT'O 3a0apBJIeHHS 3 KOPUYHEBUM BIATIHKOM 32
cTyneHs: nymiiHHs 4-6 %, TEMHO-KPeMOBOro 3a crymeHs JyuiiHHsI 8—12 % mo cBitio-
KpPEMOBOTO 13 JKOBTUM BIJTIHKOM 3a cTyneHst nymuinHs 14-22 %. KoHcucrenmis kamn 3
KPYIH CHEJIbTH HE 3MIHIOETBCS 3aJI€KHO BiJl CTYNEHsI JIYIIIHHS 1 € pPO3CHUIYacTOI.
KoeoinienT po3BaproBaHHs Kalili 3 1iJI0T KPYIH CHENbTH 3pocTae 3 5,4 3a 4—6-BiICOTKOBOTO
CTyNeHsl JymiHHA 10 6,3 — 3a 22-BiJICOTKOBOI'O JYIIiHHS, OCKUIBKM OOOJOHKH HE
CTPUMYIOTh HaOyxaHHs Kpymnu. [Ipore HallonTUManbHIIIUM BapiaHTOM € 14—16-BigcoTkoBe
3HATTS 00OJIOHOK 13 3epHa.

HaiimeHmmii BUXiZi Kpymu ofepkaHo 3a Bojorocti 3epHa 13 1 14 %, mo cTaHOBHUTH
BimnosigHO, 83,8 i 84,0 %. 3BoNOKYBaHHS 3epHa 1O 15-BiICOTKOBOI BOJIOTOCTI Ta HOro
BiJIBOJIOKYBaHHSI ICTOTHO BIUIMBAa€ Ha BHXiJ Kpymu. Buxin kpynmu 3a Takoi BOJIOTOCTi
BIIpoaoBXkK 0,5-TOAMHHOrO BiJIBOJIOKYBAaHHSI CTaHOBUTH 87,5%, MO iCTOTHO MOPIBHSHO 3
13—14-BincotkoBoto BooricTio 3epHa (HIPjs=3,7). 3a TpUBAJIOCTI BiJBOJOXYBaHHS
BIIPOIOBK OZHIET TOAMHU LIeH MOKA3HUK 30UIbIIyeThCs 10 87,8 %, miBTopu romuuu — 87,9
%, mpoTe BiH HEICTOTHHW MOPIBHSHO 3 IMIBrOJAWHHUM BiJJBOJIOXXYBAaHHSM. 3BOJIOYKYBAHHS
3epHa crenbTu 10 16 1 17 % He 3abe3neuye IMiABUIIEHHS BUXOIY KPYIHU MOPIBHSIHO 3 15-
BiJICOTKOBOIO BOJIOTICTIO 3€pHa.

BucHoBkH. 3acTocyBaHHSA pE3YJbTAaTiB JOCTIKCHb Ja€ 3MOrYy 3MCHIIUTH BHXIJ
kopMoBoi Myuku Ha 10-15 % 3a paxyHok MeHmoro crymnens Jgyminas (14-16 %), mo
JIOCSITAETHCST  3BOJIOKYBAaHHSAM 3epHa J0 15-BiZICOTKOBOI BOJIOTOCTI 3 TPUBAIICTIO
BigBonoxkyBaHus 0,5 roz.

Kunro4doBi ciioBa: cnenvma, kpyna, 360102Cy8aHHS, 8i08010H#CYBAHHSA, TV UJIHHA.

BusiBneHHs cucTeM i3 €Ta/I010 PIBHOBAro0I0 y ropijikax, sfiki 3ajieskaTh BiJ
TpaHchopMamii rizpokCHILHUX NPOTOHIB

Oner Ky3bpMiH
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Betyn. Mertoro myOumikanii € BUSBJIEHHS CTajol PiBHOBard riJIpOKCHIIBHUX TPOTOHIB
€TaHOIly 1 BOAM JUTS Pi3HUX BUJIIB TOPLIOK i CAMOTOHY, SIKi BUPOOJISIIOTHCS B YKpaiHi.

Marepianu i MmeTomu. 3a JOMOMOror0 MipHOI ITINETKH 3a/1aBaBCsl HEOOXiMHUH 00'eM
(0,3 M) ropinku (TOpinku 0co0nuBOi, camorony). HeoOXimuuii s poOOTH CHCTEMH
LOCK'a - netitepieBiii crabimizanii IMP criektpoMerpa areToH-dg - 30BHIIIHIA cTaHIapT,
SIKMH BiJIOKPEMJIGHHH BiJ JOCTIKYBaHOI PEYOBHHHM, BHOCHBCS JIO0 aMITylId B KaIliispi
crenianpHoi popmu. 3ammc crextpis 'H SIMP ta 06po6ka TaHHX TPOBOIMIMCS BiAMOBIIHO
II0 IHCTPYKIIii, 10 pomaeThes 10 yp’e SIMP crniektpomerpa Bruker Avance II.

Pesyabratn. B Xomi mpoBeneHHMX [OCHIPKEHb BCTAHOBIIEHI HPUHIMIIOBO HOBI
aCIIeKTH, TOB'S3aHI 3 JeTaji3alli€l0 BHYTPINIHHOTO MEXaHI3My BHM3HAYEHHS CTaJoOl
TEpPMOAMHAMIYHOI pIBHOBard B TOTOBOMY MpPOAYKTI — ropiimi (TOpUIi ocoOnuBi,
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camoroni). [lpun npomy crana piBHOBara XapaKTEpU3YEThCS HAsSBHICTIO B TiIPOKCHIIbHIN
rpyni o0'eqnanoro yHitapHoro curtany EtOH+H,O i BincyTHICTIO XiMIYHOTO 3pYIIEHHS
Mix HUMH (A, =0 ppm). Hecrana i nepexigHa piBHOBara xapakTepU3YyIOThCSl HASBHICTIO B
TiIpOKCHIIBHIN rpymi 1Box po3ainsHux curaaiis EtOH i H,O.

Pi3HuIA B XIMIYHHX 3pYLIEHHSIX MK METHICHOBOIO IpYyIo0 npoToHiB eranony (CH,)
i rigpokcuisHO Tpymow (EtOH+H,0) mns 7 3paskiB ckimamgae Ad,=1,23 ppm, it 5
3paskiB - Ad,=1,27 ppm. Pi3HuI B XIMIYHUX 3PYHIEHHSX MIX METHJIEHOBOI TPYIOIO
nporoHiB eraHony (CH,) i MeTwibHOO Tpymoto eranony (CHs) aist Beix 3paskiB ckilaiae
A8;=2,45 ppm, IO MOXE€ CBIIYMTH NPO CTAOUIBHICTh XIMIYHUX 3pYLIEHb MK LUMHA
rpynaMy Ta MilHICTb 3B's13KiB Mixk MeTwiIbHOI (CH3) 1 MeTunenosoro (CH,) rpynamu.

BucnoBkn. Ha mincraBi mpoBeneHOTO IOCHIPKEHHS BCTAHOBJIEHA IPHUHIIMIIOBA
BIIMIHHICTB Y MTOBEIIHII TiAPOKCHIBHUX MPOTOHIB €TAHONY Ta BOAM y TOPIJIKaX, TOPiIKax
0COGTHBHX Ta caMoroHi 3a jgomomoroo 'H SIMP cmekrpockomii. OTpumani piBHOBaXHi
CHCTEMHU JIO3BOJISIIOTH YIOCKOHAINTH TEXHOJOTIYHMI IMpOIeC BUPOOHUIITBA TOPIJIOK Ha
JIKEpO-TOPLITYaHUX IMiIPHUEMCTBAX s CTaOUTI3allli IKOCTI TOTOBOT MPOAYKIII.

K:mi040Bi ci10Ba: copinka, pisnosaza, 2iopoxcun, npomon, 'H AMP cnexmpockonis.

TexHoJI0TifA repoaieTHYHHUX M'SCHUX NPOAYKTIB

Jlrommuna Iemryk, Oner I"anenko, Bipa Ceprina, Xpucruna Jlumka
Hayionanvhuti ynisepcumem xapuosux mexnonoeit, m.Kuis, Yxpaiua,

Beryn. AKTyanbHICTH JIOCHIJDKEHHS MOJNATae B OOIPYHTYBaHHI BUOOpY M'sICHOI
CHPOBUHHM SIK MaTpUIl IJIs 3B'S3yBaHHS 10HIB KaJbIiI0, TO HAJAaCTh MOXJIMBICTH 00paTu
Oe3neyHnii, eheKTUBHUI 1 JOCTYIHUHN (pepMeHTHi mpenapar AJsl IPOBEACHHS IPOTEOMi3y.

Marepianu i metonu. [Ipenmer nocmimkenns — pyoens BPX, crynku miniii, MonenbHi
¢apuri Ta roroBi KoBOacHi BupoOu. IIpoTeoniTHyHa aKTUBHICTh (pEpPMEHTHUX MpenapariB
BU3Hauanacs Moau(ikoBaHMM MeTofoM AHCOHa. Meronq 3acHOBaHMH Ha TiAPOINi3i
Ka3eTHaTy HATPilO JOCIIPKYBaHUM ()EPMEHTHUM TperapaToM 0 MENTHIIIB I aMIHOKUCIIOT 3
MOAAJIBIINM 1X KUTbKICHUM BU3HAYEHHSIM.

PesyabraTtu. 3 MeTor0 30UIbIIEHHS KUIBKOCTI (DYHKI[IOHAJBHUX TPYI ISl KParioro
3BSI3yBaHHS 10HIB KaJBI[I0 IPOBEJACHO [IOCHIKEHHS palliOHAJBbHUX MapaMeTpiB
(epMEHTAaTUBHOTO TPOTEOJIi3y KojareHa3ow xap4yoBow pyors BPX. PamionanbHi
mapaMeTpud (PEpMEHTATHBHOTO MPOTEOTi3y: TPHBAIICTh 3 Tox, Temmeparypa 12 °C,
rigpomonyis 1: 1, pH 7,0, xoHtentpanis pepmenTHoro npemapaty 0,1%.

[TixBuIIeHHST BMICTY BOJIOTH B CEPEJOBUILI HE MPU3BOJUTH JIO iICTOTHOTO 3POCTaHHS
CTYIEHS MPOTEOi3y, a Jinile 30UIbIIYE BOJOTICTh KiHIIEBOTO MPOAYKTY, TOMY MiHIMalbHE
palioHaNbHe CIiBBiHOMEHHS Boaa:pydens BPX = 1:1.

31 30UIBIMICHHSM KOHLEHTpALil PO3UYMHY LIUTPATy KaJBI[I0 BMICT 3B'S3aHOTO KaJbIIi0
Oinkamu pyorst BPX 30iibmryerscst 1 crabimi3yersest mpu oOpoOui 3,5-BicOTKOBHM
pozuuHOM. Ilicis IbOro HacTae MOPIr HACHYCHHS, 32 SKOTO 30UIBIICHHS KOHIICHTpAIi
pO34YKMHY HE BIUIMBA€ HA CTYIIHb 3B'S3YBaHHs 10HIB KaJbIil0, TOMY Uil €(pEKTUBHOrO
KaJbLIUHYBaHHs JOcTaTHEO 60 XB 00p0oOKH pyOIst BPX.

Jus 3a0e3nedyenHs MikpoOionoriynoi Oe3mexu cymim HarpiBamacs ao 85 °C i
BUTpUMYBajacs mporaroM 10 xB.

3a JOMOMOror MOBHOIO (haKTOPHOTO EKCHEPUMEHTY (3 MOJaJbIINM MaTeMaTHYHUM
MOJICTTIOBaHHIM y npoOsieMHO-opieHToBHOMY maketri MathCad) cdopmynboBaHO MaTema-
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TUYHY MOJIENb 3aJIe)KHOCTI TPUBAJIOCTI # BU3HAUEHO TEMIIEPATypy IMpoTeoii3y. [lokazHuk
BMICTY aMiHHOI'O a30Ty B OTpHUMaHOMYy TifpoiizaTi pyous BPX oOpaHo sk mapamerp
onrumMizamii. JOCTI/PKCHHAMH MiATBEpPKEHI JaHI B MOJEII CEpPEeNOBHINA IIiJ] Yac
(epMenTaTUBHOTO TIpoTeoizy cyonpoaykris Il kareropii (pyoeus BPX).

BucHoBku. Pe3ynbraté NOCHIIKEHHS PEKOMEHAYETHCS BHKOPUCTOBYBATH B M'SCHHX
MPOJAYKTaX CHELialbHOr0 XapuyBaHHsS - TepoAieTHYHUX. Po3poOka 3HIKYE BapTiCTh
TOTOBOI MpOXMYKIii, 30arauye ii MIKpOHYTpi€HTAaMH 1 TOKpAIIye 3aCBOEHHS OpPraHi3MOM
JIIO/INHH.

Knrouosi cnosa: m'sco, eepodiemuunuil, pyoeyv, npomeonis, hepmenm, KoIa2eHasa.

KonkypeHTOCIPOM0KHiCTh IPaHyJI XMeJII0 YKPaiHCHKOr0 BUPOOHHMIITBA

.. 1 . . 2
Jlinis Iponenko , Ceitnana JIITBUHUYK
1 - Incmumym cinvcokozo eocnodapcmea Ionices HAAH Yipainu
2 - Hayionanvnuti ynisepcumem xapyosux mexuonozit, m. Kuis, Yxpaina

Beryn. B VYkpaini XMiib B OCHOBHOMY, IepepoOisifoTs y Tpanyau tam 90, siki
MPaKTHYHO HE BIAPI3HETbCA 3a OIOXIMIYHMMH IOKa3HUKAMH Bijl LIMIIKOBOTO XMEJO.
Merta nociipKeHHsS TOJISra€ y BU3HAYEHHI KOMIUICKCHOI TEXHOJIOTIYHOI OINIHKU SKOCTI
rpanyn xmemo Tun 90  yKpaiHCBKOro BHUPOOHHMITBA Ta  BCTAHOBJIEHHI  iX
KOHKYPEHTOCIPOMOXKHOCTI.

Marepianu i meronu. BukopucraHo cydacHi (i3nko-xXiMiuHI METOIM BU3HAUEHHS
SIKICHUX TTOKa3HMKIB IpaHyJI XMEJI0, CIelliabHi Ta 3arajJbHONPHIHATI B XMEISPChKIl Taimys3i,
30KpeMa BHCOKOE(EKTHBHY piIMHHY Xpomatorpadito, ra3oBy xpomarorpadito,
CHEKTPO(GOTOMETPII0 Ta MAaTEMATHKO-CTATUCTUYHI 3 BHKOPUCTAHHSM JUCIEPCIHHOrO 1
KOpEJIALi HHO-PErPEeCUBHOTO aHai3y U OLIHKH JIOCTOBIPHOCTI OTPUMAaHHX pEe3y/IbTATIB
JIOCITi KEHb.

Pe3yabraTu i 06roBopennsi. BusHaueHo, 1110 KUTBKICHUN BMICT Ta SIKICHHH CKiaj
TipKUX pedoBHH, eipHOi 0J1il, MOTiPEHONBEHUX CIONYK i KCAHTOIYMOJY B IpaHyJIaX XMEIo
YKpaTHCHKOI'0 BUPOOHHUIITBA CTAOLIBHUIA Ta BIAMIOBIIa€ TACHOPTHAM JJAHUM COPTY XMEJ0, 3
SIKOTO OYJIM BUT'OTOBJIEHI rpaHynu. JloBeneHo, 110 3a CBOIMH XapaKTePUCTUKAMH TPaHyIH
BIJMOBIIAIOTh CBITOBHUM aHAJoraMm, caMe: IpaHyiad xmenro copTiB Kion 18 Tta 3mato
[Momices 3a 010XIMIYHUMU i TEXHOJOTIYHUMH ITOKA3HUKAMH BiJIIOBITaIOTh XapaKTEPUCTHII
rpaHysl 4echbKoro copty JKaTeupKuid, TpaHyiy, BUTOTOBJIEHI 3 TIpKOro cOpTy AJbTa, 3a
010XIMIYHUMH TIOKa3HUKAMH BIIMOBIAAIOTh TpaHyJaM HIMEIBKOrO copTy MaruyMm, a
TpaHyJiM TaKUX COpPTiB, sik CioB’siHKa 1 3arpaBa 3a CKJIAJOM Ta SIKICTIO TIpKUX PEYOBUH U
edipHOI oJ1ii 3HAYHO MEPEBUIIYIOTH CBITOBI aHAJIOTH.

BucnoBku. [IpoBeneni 1ociiPkeHHS TAIOTh 3MOTY CTBEPAKYBATH, IO ONITHMAJIbHE
TOETHAHHS APOMAaTHYHMX 1 TIPKUX PEYOBUH B HIMIIKaX XMEIO YKpaiHCBHKOI celexii Ta
BHCOKa TEXHOJIOTIYHICTb OOJIaJIHAHHS JUIsl TPaHyIsil 3a0e3NedyroTh TpaHyiaM BiJAMiHHI
MUBOBApHi sikocTi. Ha 0CHOBI MOPIBHAIBHOI 010XIMIYHOI XapaKTEPUCTUKU TPAHYJ XMEJIO
tun 90, BupoOseHnx B YkpaiHi Ta KpaiHax €BpOITM, BCTAHOBJIEHO BiJIIOBIIHICTH SIKOCTI
YKpPaTHCBKUX XMEJIENPOAYKTIB CBITOBOMY PiBHIO.

KirouoBi ciioBa: xvenn, epanyna, nueo, sikicmo, 6ioXimis.
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JpidHonMcnepcHa NPAHOAPOMATHYHA | KapoTHHOBMIiCcHa cupoBuHa K ITAP nns
eMyJabcii THIY o1is1 y BOAi
I'eopriii JIsBuners, Tersna lmenko, Auapiii ['aBpur,
Onexkcanapa Hemipiy, Jlapuca ApcenneBa, Ipuna J1oBrys
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yrxpaina

Beryn. [locnimkeHo npoliecu CTPYKTYpOYTBOPEHHSI B COyCax €MYJbCIHHOTO THITY 3
BUKOPDHCTaHHSIM  (ITOONIMHOrO  KapoOTHHOBMIiCHOro  HamiBdaOpukary —  cymimn
JIPiOHOMCIIEPCHUX IIOPOUIKIB TPSHOAPOMATHYHOI Ta KapOTHHOBMICHOI CHPOBHHH Y
cepenouii omii. IlepcriekThBa BHKOpHCTaHHS po3poOieHoro HamiBhabpukaty B
TEXHOJIOT1T HU3bKOKAJIOPIHHUX COYCIB eMYJIbCIHHOIO THITY MOJATA€E B MPOSBI TIOBEPXHEBO-
aKTHBHHUX BJIACTHBOCTEW BKa3aHOI POCIMHHOI CHPOBHHH.

Martepianu i ™eromu. CTpyKTypHO-MEXaHI4HI BJAaCTUBOCTI TOTOBHX COYCIB
JOCTIKYBaKCs 3a qonoMoror peomerpa AR 2000ex. @opmu 3B’3Ky BOAU B JOCITITHUX
3pa3kax CoyciB Bu3Hauaiucs Ha zaepuBatorpadi Q-1500D. Emynbryroui BiacTUBOCTI
TIOPOIIKIB MPSTHOAPOMATUYHOI 1 KapOTHMHOBMICHOI CHPOBHUHH OMNHCYBAIUCS 33 TOYKAMHU
inBepcii ¢as.

Pesyabratn i 00roBopeHHsi. 3a paxyHOK BMICTy moiicaxapumiB 1 edipHux omiit
nozipiOHeHa i cylieHa MpsHOoapOMaTHYHA Ta KapOTWHOBMICHa CHPOBHHA 3/IaTHA CTBOPIOBATH
CTI}KI KOJIOIIHI CHCTEMH — eMYJIbCil THIy OJlisl y Bomi. EMyJbryroda 31aTHICTE HOPOLIKY
MEeTPYIIKA CTaHOBUTH 16 % Ta 36 %, O € BUIIMM, HDK y TOPOIIKY 3 Kpomy Ta
KapOTHHOBMICHOI CHPOBUHH BiZIOBITHO.

BusHaueHO 3aNeXHICTh PEOJOTiYHMX BIIACTHBOCTEW COYCIB BiJl KOHIEHTpALii
(biTOONIHHOrO KapOTHHOBMICHOTO HamiBhaOpukarty. ['0TOBHII coyc 3 MacoBOI YacTKOIO
itoomiitHoro kapoTuHOBMicHOro Hamidabpukary 30 % 3a mBuaKocTi 3cyBy 200 ¢ Mae
e(peKTHBHY B’sI3KiCTh y miamazoni 22-50 ITa-c, 1m0 onTuManbHO ISl COYCIB €MYIIbCIHHOTO
TUITY.

CriBBigHOMmIEHHS (OPM 3B’S3KiB BOJIOTH B COyCaX eMYJIbCIHHOTO TUITY HAOIMKAETHCS
JI0 ONTHMAJBHOIO 32 KOHIEHTpalii (iTOONIHHOr0 KapOTHHOBMICHOTO HamiB(paOpukaTy
30 % nmo macu coycy. Ilpu IbOMYy CIIOCTEpITa€ThCS MIIHINIE 3B'SI3yBaHHS BOJIOTH, IO
CHpHSIE T IBUIICHHIO arperaTUuBHOI CTIHKOCTI CHCTEMH, 3a100irae ix po3mapyBaHHIO.

BucnoBkn. Coycu eMynbCIHHOTO THITy, BHIOTOBJIEHI Ha OCHOBI PO3pOOJIEHOr0
HamiB(aOpuKarTy, BOJOiIOTH ONTUMAILHUMHU PEOJIOTIYHUMHU TapaMerpamy. TakuM YHHOM,
MOXXKHa PEKOMEH/yBaTH (iTOONIHHMNA KapOTHHOBMICHHH HamiBQaOpUKaT IS BUPOOHHIITBA
COYCIB €MYJIBCIHHOrO THITY MiJABUIICHOI Xap4OBOI IIHHOCTI 0¢3 BUKOPHCTAHHS JOTATKOBHX
€MYJIbraTopiB, CTPYKTYpPOYTBOPIOBAaYiB CHHTETUYHOI PUPOH.

KurouoBi ciioBa: emynvcis, mepmoepasiomempis, nonicaxapuo, I1AP.

Ouinka sikocTi M IcHUX (papIeBUX CHCTeM i3 BUKOPHCTAHHAM 100aBKH 01IKOBO-
MiHepaJbHOI 32 PYHKIiOHATBHUMH NMOKA3HUKAMH

Muxosa I'onosko, Makcum Cepik, TersiHa 'onoeko, Banentun [lonymnan
Xapxiecokuil OepocasHuil yHIgepCcumem xapuyearis ma mopeieni, Xapkis, Ykpaina

Beryn. Meroto pociikeHHsT € HayKoBe OOIpYHTYBaHHs BIUIMBY JOOAaBKH OiJIKOBO-
MminepansHOi (JIBM) Ha (yHKIIOHAaJIBHO-TEXHOJIOTIUHI BJIACTUBOCTI M’SICHHX (hapIIeBHX
CHCTEM 1 M’SICHHUX OCIUCHUX BUPOOIB.
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Marepianu i MeTonu gociimkennb. Marepianamu J0CTiKeHb OyJIM HaTypaibHI Ta
KOTJICTHI M’siCHI (¢apir, M’sCHi TOCiueHi BHpPOOW, BUTOTOBJICHI 3a TpPaIUIIHOIO
TEXHOJIOTIE0 (KOHTPOJIBHI 3pa3ku) Ta 3 BHKopHcTaHHsM JIBM (mociimui 3paskw).
JocmimkenHst Bonoro3p’sizytodoi 3maatHocti (B33) 3paskiB M sichux ¢apmiB i3 JIBM
MPOBEACHO METOAOM IpecyBaHHs. KiHeTHKy TeMIiepaTypu Npu TepMOoOpoOLi M’SICHUX
nociueHux HariB($aOpHKaTiB i3 HATypaJbHOI'O Ta KOTJIETHOrO (apiry, BUTOTOBJIEHHX i3
BukopuctanHsaM JIBM, dikcyBanu 3a 1omOMOror BBEEHOI y BUPiO TepMonapH.

PesyabraTi. Po3pobieHo pecypcosoepiratouy TexHosoriro JJbM Ha OCHOBI BTOpUHHOI
KOJIAr€HOBMICHOI CHPOBHHH M’SICHOI IPOMHMCIIOBOCTI — CBHHSYOI IKipu. JIBM mouinbHO
BUKOPHCTOBYBaTH Y KiJIbKOCTi 7,5% (y BUINIAI MOPOIIKY) BiJ Mach M’sICHOI CHDOBHUHH Y
BUPOOHMLUTBI M’SICHMX ITOCIYEHHX BHPOOIB Al 30aradeHHs NPOAYKTY Oi0OpraHiYHUMHU
crojdykaMu Kaiblfifo. JIBM BIUIMBa€ Ha TEXHOJNOTiIYHI BJIACTUBOCTI M’SCHHMX ITOCIYCHUX
HamiBdadpukaris. [linpuenns B33 m’sicHux ¢apiuis BinOyBaetbes Ha 10...19% 3a ymoBH
nmonaBaHHA 10 iX ckimany 1...10% JBM. 3a Bmicty mo6aBok Big 1 mo 10% rpanudna
pizaui B33 3paskie i3 JIBM 1 3pa3kiB 3 KOHTpOJIEM CKiiafae Oau3bKo 5%. 30UIbIICHHS
B33 ¢apmis npu nomaBanHi JIBM uu 100aBKU-KOHTPOJIO TIIOB’SI3aHO 3 BHCOKHMHU
ripaTamifHIMU BJIACTHBOCTSIMU TipOJi3aTy KOJareHy, a Kpalldil BOJIOTO3B’SI3YIOUHIA
epext JIBM 3ymoBiIeHHWI B3aeMonicr0 MiopiOpWISIpHUX OLIKIB M’SICHOI TKaHWHH 3i
CHOJNIYKaMHU  KaJbIlif0 100aBku. Jlochmi/pkeHHs KiHETHMKH TeMIlepaTypu BHpPOOIB i3
HATYpaJbHOI MOCIYeHOI MacH i KOTJICTHOro (hapimy i yac TEIUIOBOi 0OpOOKH MOKa3aJIH,
mo goxaBaHHa 2,5...10% JIBM ckopodye TepMiH JOCATHEHHS CTaHy KyJiHapHOI
TOTOBHOCTI BHpoOaMu 3 HaTypaibHOro Qapmy Ha 2,8...11,5%, BupoOamu 3 KOTJIETHOI
Macu — Ha 5,5...17,5%, 10 OOCATAa€ThCS 3a PAXyHOK IIiJBHUINEHHS BOJIOTOCTI U
TemnepaTyponpoiaHocti 3paskiB 3 JIBM. JloBenmeno, mo Bukopuctanus 10% JIBM y
CKiaji BUpOOiB i3 HaTypaJbHOTrO (apiry Ta KOTJIIETHOI MacH CIpHsE 30UIbIIECHHIO BUXOLY
rotoBoi npoaykii Ha 9,3 ta 8,8% BiamoBinHO.

BucnoBku. JlomaBaHHS 10 CKJIaJy M’SCHHX IMOCIYEHHX CHUCTEM J00aBKH OiJIKOBO-
MiHEpaJbHOI J03BOJIAE 30araTHTH iX 3aCBOIOBAHUMH CIIOJYKAMH KaJbI[iI0 y HEOOXiTHIH
KIUJIBKOCTI, CKOPOTHTH TpPUBANICTh TEPMi4HOi OOpOOKM HamiB()aOpHKATIB, PpEryIOBaTH
BHUXiJ] TOTOBOTO MPOAYKTY.

KurouoBi ciioBa: wm'sco, papus, kanvyil, 000aexa, 60102036 S13Y6AHHS.

BuxopucTanHs 31UMTHX BUAIB KPOXMAJII0 B TEXHOJIOTifIX OicKBiTHHX
HaniB(adpukartiB

Ipuna Crpinenp, [puna Kopenpka
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. 3 MeTOr0 BUKOPHCTAHHS 3IIUTHX BHIIB KPOXMAJIO B TEXHOJNOTiSAX OiCKBITHHX
HamiB(aOpuKaTiB HaMu OyJIM BUBYEHI iX (YHKIIIOHAIEHO-TEXHOJIOTIYHI BJIaCTUBOCTI.

Marepiann i meromm. I'impodinbHiCTH KpoXMajr BH3Hayaiacs I1HIMKATOPHO-
pedpaxromerpruHuM  MerofoM. KiHeTnka HaOyXaHHS KpOXMaJliB BHSBJsUIacS 3a
eKCIIEPUMEHTAIbHUMH JaHUMH, 10 XapaKTePU3YIOTh CTYIIHb HAOYXaHHS KpOXMAIII0 4epes3
kokHi 0,5 xBunvH. BuBueHHS cOpOIIMHUX BIIACTUBOCTEH NPOBOJMIOCS HAa BaKyyMHil
ycranoBli Mak-bena 3a temmeparypy 20 °C 3 BUKOPHCTaHHSIM TPaAMIIHHUX METOAIB. Sk
a7copOTHB BUKOPHCTOBYBAJIACS BOJISTHA Mapa.

PesyabraTu i odrosopennsi. BuByeno rinpodinbHi i copOLiiiHI BIaCTUBOCTI 3IIMUTUX
BUIB KpPOXMaJI: OKCHUIPOIUILOBAHOTO JuKpoxMmainb Qochary (Microlys FH 02),
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aleTHIMILOBAHOr0 NUKpoxmaib pochary (Swely Gel Soft), anerunmiboBaHOro Kpoxmaiib
amunaty (Cold Swell 5771). Pe3ympTaTé IOCHIIKECHb IiATBEPDKYIOTH 3POCTAHHS
TiApoGiIbHUX BJIACTUBOCTCH B alCTHIHOBAHOI'O MW OKCHIIPOIIILOBAHOTO KPOXMAJIiB,
3HAYCHHSA SKUX B 2,5 - 4 pasu MEPEBUINYBAJIO IOKA3HUKA HATUBHOIO KPOXMAJIIO.
CrocTepiranioch MOKpAIaHHS IIBUAKOCTI HAaOyXaHHS, IO MOSCHIOETHCS HASBHICTIO
eJIACTHYHMX JIAHITFOTIB y JOCIIDKEHUX KPOXMAJIIX.

IIpu mopiBHSIHHI 130TepM HOecopOIi CIif 3a3HAYUTH, IO Y BCIX IMPEACTABICHUX
3pa3kax KiIbIle TiCTEPE3UCy HE 3aMHKAETHCS HA IMOYATKy KOOPIUHAT, IO CBIAYUTH PO
HEMOBHE 3HEBOAHEHHs Kpoxmauto. [licins mecopOuii y Bcix MoaudikoBaHHUX KPOXMaIIsX
3aaumok Boau craHoBuB 0,025 eM/r. Y HaTUBHOTO KpOXMallto IIed MOKa3HUK Jerio
Hmkanii — 0,023 eM’/r.

BucHoBKH. 31aTHICTD JOCIIDKYBAHHUX 3IIUTHX KPOXMAJIIB IIBHIKO 3B’ I3yBATH BEIHKY
KUJIBKICTh  BOJIOTM ~MaTHME TIO3WTHBHHHA BIUIMB TPH  BHPOOHHUITBI  OICKBITHHUX
HamiB(aOpHUKaTiB, OCKIJIbKH 3MEHIIUTh BUCUXaHHS BUPOOIB 1]l yac 30epiraHHs.

KurouoBi ciioBa: dickeim, kpoxmanw, copoyis.

ButpaTu TeniioBoi eHeprii npu BunikanHi BadgeIbHUX JHCTIB i3 arTI0TEeHOBUX BHIIB
OopomHa

. . 1 1 ‘o 2 1
Bikropis Jopoxosuu , Ipuna Tapacenko , Cepriit Ianos”, Onexcanap Ma3sypeHko
1- Hayionanvnuii ynigepcumem xapuosux mexnoaocit, m. Kuis, Yxpaina
2 — Incmumym mexuiunoi mennogizuxu Hayionanonoi akademii nayx Yrpainu.

Beryn. JIns BadenbHUX JIMCTIB 3 aryIFOTCHOBUX BHUIIIB OOpOINHA OIIIBPHO BU3HAYUTU
X TEIUIOEMHICTb, OCKIIbKM BOHA BU3HAYA€ BUTPATH €HEPril Ha BUITIKAHHS BUPOOIB.

Marepianu i metomu. J[locmimkyBanuch 3pa3ku BaelbHOrO TicTa Ha OCHOBI
arIIOTEHOBUX BUIIIB OOPOIIIHA — PUCOBOTO, KYKYPYI3SHOrO Ta rpedanoro. [list jpociipKeHHs
TEIUIOEMHOCTI 3pa3KiB BUKOPHUCTOBYBAJIACh YCTAHOBKA CHHXPOHHOTO TEIUIOBOIO aHANi3Yy,
sIKa JI03BOJISIE BUSHAYUTH BUTPATH €HEPTii pu (a30BOMY MEPEXO/li «piIuHa-Ta3y» B Mporeci
CYIIIHHS PI3HUX BHIIB NPOAYKTIB. SIK MeToJ BHMipIOBaHHS BHUKOPHUCTOBYBABCS METO]
MOKPOKOBOTO CKaHyBaHHS 3 BHMIPIOBaHHSIM TEIUIOEMHOCTI, 3a SIKOTO 3MiHIOIOTh
TEeMIIEpaTypy 3pa3ka Ta BUMipIOIOTh KiJIbKICTh TEIJIOTH Ha HOTrO HarpiBaHHS.

PesynbraTi i 00roBopeHHsi. JloCHiPKSHHS TEIUTOEMHOCTI ariIFOTCHOBHX BHUIIIB TiCTa —
KYKYPYI3SHOTO, PHUCOBOTO Ta T'PEYaHOro — II0KAa3aJo Ha BIJIOBIJHUX PO3PAXYHKOBHX
KPUBHX TEIUIOEMHOCTI €KCTPEMYMH, SIKI BiJITOBIAIOTh HAMOUIBIIOMY MOTIMHAHHIO TETUIOBOI
eHeprii. KpuBi pi3HHX BHAIB TiCTa 3HAXOAATHCSA Ha PI3HUX PIBHAX, 110, OYEBUAHO, MOXKHA
TOSICHATH Pi3HOI0 BOJIOTICTIO TiCTa 3 arjlOTEHOBMX BHIIB OOpOIIHA, SKa BHUHHUKAE
BHACIIIOK pi3HMII iX XiMIYHOro ckianmy. [Ipy 1bOMY €KCTpeMyMH Ha PHCOBOMY Ta
KYKYPYZI3SHOMY OOpOIHI JTy)Ke CXOXi, a Ha Tpe4aHOMY OOpOIIHI — Maike BiJCYTHi, IO
poOUTH BUTpaATH €HEPTii Ha HOro BUITIKaHHS HAWMEHIINMH.

JlocmimKeHHsT BIUIMBY BCIX KOMIIOHEHTIB TicTa B ONTUMAaJbHOMY Jliara3oHi
HarpiBanns 55-85°C moka3ano Maibke MOBHY BiICYTHICTh €KCTpEMyMIB TicTa i3 pi3HHX
BUAIB OOpOIIHA, NMPHYOMY KOAryisiis Oinka BinOyBaeTbcss Ha OmHOMY piBHI. Jlume
JI0ZIaBaHHS BOIY JIAJIO O4YiKyBaHI €KCTPEMYMH, TOMY MOXKHAa BBa)KaTH, IO €KCTPEMYMH
3’SIBJISIOTHCS TIPU TeMIlepaTypi KielcTepu3anii KpoxXMalliB, sKa IMPOSBISEThCS B PI3HUX
Jiama3oHax TeMIeparyp 4depe3 iX pi3Hui ckjial. Y TpedaHoro OOpOIIHa KieHcTepu3allis
TIOYMHAETCA IIe 0 104aTKy BumikanHs npu 25 °C uepes BUCOKOMONEKYIIAPHI # CKITagoBi,
TOMY II€ TiCTO, BIANMOBIHO, Ma€ HAWMEHINMH 4Yac BHUIIKAHHI. Y PHCOBOrO Ta
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KyKypYy/I3HOTO KpOXMaiis KieiicTepusaris mounHaetses npu 58°C i 64°C Tomy MaroTh
temmepatypu kieiicrepusanii 79°C i 80,5°C BiamoBinHo, sIKi 36iraloThes 3 eKCTPEMYMaMu
Ha KpHMBUX TeruioeMHOCTi. [lpu 1mpomy ans kielicrepusamnii KyKypya3sHOro OopomHa
HEeoOXiMHI BHUTpaTH eHeprii Oinblmi, HiX Uil Kieiicrepu3anii pHCOBOro0 Ta, OCOOIHBO,
rpevanoro OoporrHa. HalOinemmii yac BUMIKaHHS Ma€ KYKYPYI3siHE TiCTO — 4 XB., pUCOBE
TICTO BUMIKAETHCA 3 XB., @ Tpedane — 2 XB.

BucnoBok. Burtpartu eneprii s kieiicrepusanii KpoXMaiio, a OTKe, i Ha BUIIIKaHHS
1 9ac Ha Ii¢ y KYKypPYyI3sSHOIO TicTa HAHOUIBIN, Y PUCOBOTO — CEPEIHi, a Y TPEUaHOro—
HaliMeHI (4ac BUMIKaHHS JI0 2 XB).

KurouoBi ciioBa: yeniaxis, eaghni, sunikanns, enepeis.

ABTOMaTM3aLUis TEXHOJIONYHUX nNpoueciB

Cucrema ynpapiainaa AuQy3iiiHIM anapaToM 3 MATPHYHHM PeryJisiTopoM

Jmutpo KpoHiKOBCHKHI
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Mera jmocmipkeHHS — TiIBUIIEHHS e(EKTUBHOCTI  (YHKI[IOHYBaHHS
Iudy3iiiHOT yCTaHOBKH HIISIXOM ONTUMI3allii peryJtoBaHHs TEMIIEpaTyp y 30HaX arnapara.

Marepianu i metonu. /[ cucTeMHOro asamizy BapiaHTIB YIPaBJIiHHS TEIUIOBOIO
yacTHHOIO Au(y3iHHOrO amapata BUKOPHCTaHa MaTeMaTHYHA MOJIENb, IIPEICTaBlIeHa y
BUTJLINI AudepeHtianbHuxX piBHsHb. Yci wnacuyni (I11[[-anropurMm) Ta 3anponoHoBaHi
METOAM YIpaBiiHHI AUQY3IHHUM amapaToM 3MOIENIbOBaHI B mporpami MatLab Simulink
IIJISIXOM MEPETBOPEHHS 00’€KTa W PeryisTopa B MAaTPUYHHUN BUIJISAJ 1 CTBOPEHHS MOJEINI
yIIpaBJIiHHS.

Pesyabratn i o0roBopeHHsi. 3aBASKM HasBHIH MaTeMaTWUuHIM Mogjeni BIANOCs
MepeBEeCTH YIPABIIHHS B MATPUYHUEN BUIISAA. Y IPOLECi MOJAENIOBAHHS B3AaEMOBIUIUBY
TEMIIEpaTypyd 3a 30HAMH BCTAHOBJEHO SIBHY KODENALII0, M0 3MEHINye e()eKTHUBHICTH
YIPaBJIiHHS 332 pPaxyHOK BIUIMBY OJHOTO KOHTYpY Ha iHIIMH. 3MOJEIhOBAHO BapiaHT
perymoBanHs 3 [1I/I-perynsTopamu, npu bOMY BHSBJICHO 3HAYHI TUHAMIUHI TOXUOKH.

JlocnmipKkeHO LUISXU BHPILIEHHS NPOOJEMU B3a€EMOBIUIMBY MK TEMIIEpaTypaMHu B
30Hax AuQy3iHHOro amaparta MiJ Yac yNpaBlTiHHSA 0e3 BUKOPHCTaHHS HOBUX IPUCTPOIB
(KOMITEHCATOpIB TOIIO), a JIMIIE 332 3MIiHM alrOpUTMYy ynpaBiiHHsA. OJHUM i3 BapiaHTIB €
BUKOPHCTaHHS MAaTPUYHOTO PEryJsiTopa. 3MOJIEIbOBAHO BapiaHT MpeCTaBIeHHs 00 €KTa,
MaTPUYHOT'O PETYIIATOPa Ta CUCTEMH aBTOMAaTHYHOIO PETYIIIOBAHHS B KOOP/WHATAX CTaHY.
Jis uporo po3pobieHa CTPYKTypa, A€ MAaTpUYHUHA PETYNIATOP OTPUMYE OJpaszy YOTHPH
BXI/IHI CUTHAJTH 1 32 paXyHOK 3HAHHS MOJIENi 00 €KTa MPOBOAUTH BHYTPIIIHIO KOMIICHCAIII IO
i popMye onTHMaNbHy BUXIJHY Jil0 Ha BCI KIIAIIaHU.

[IpoBeneHo TOPIBHSUIBHUN — aHali3 BHKOPHCTaHHS  KIJIACHYHOTO  YIIPABIIHHS
temrepatyporo 3 IIl/I-perynsropamu Ta MaTpudHUM OaraTOBUMIPDHUM PpETYJISTOPOM.
INokazaHo, 1110 B3a€MOBILIMB TEMIIEPATYp y 30HaX anapaTa [pU yIpaBliHHI 3HAYHO 3HUKYE
eQeKkTUBHICTh MUQY3iHHOro amapara, ajpke 3Ha4eHHsS NUHAMIYHOI NmoxuOku csrae 48%.
[Ipu mopiBHSHHI JBOX MEPEXiAHUX IMPOILECIB 3’5ICOBAHO, 1[0 BUKOPUCTAHHS MAaTPHYHOTO
perynoBaHHs 3a0e3neuye Kpalli SKiCHI XapaKTepUCTUKHU PEryJIIOBaHH, a caMe: TUHaMIYHa
MOXMNOKa 3HWKYETHCS 1 HIBEIOETHCS BILIMB y CYCIHIX KaHANAX yHIpPaBIIiHHS.
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BucHoBkn. J[nsg migBuieHHS epeKTHBHOCTI audy3iHHOrO amapata HEOOXimHE i
JIOPEYHE BIIPOBAPKEHHS CUCTEM aBTOMATH3AIll 3 MATPUYHHUM YIIPABIIIHHIM.
KirouoBi cioBa: yripaBiiHHS, TUQy3ist, MATPHUIIS, MOICIb.

MopeJl0BaHHA CTPYKTYPH CHCTEMM MiATPUMKH NPUHHATTSA pilleHb NPH NMJIAHYBAaHHI
1 KOHTPOJIi BUKOHAHHSA J0Tr0BOPiB

Cepriii I'pubkoB, ['anna OmifiHUK
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. AxTyanbHICTH TeMHu OOYMOBIIEHA ITiJBUIICHHSIM €(DEKTHBHOCTI YIpaBIIiHHS 32
paxyHOK CTBOPEHHS Ta 3aCTOCYBaHHS CHUCTEMH WIATPUMKH HPUAHATTS pillleHb NpH
TUIaHYBaHHI i KOHTPOJII BUKOHAHHS JIOTOBOPIB.

Marepianu i mertomu. BukopucraHa MeTOHOJNOTiS CTPYKTYpHOTO aHami3y i
MPOEKTYBaHHA Uil MOOYJOBM (DYHKIIIOHAJIBHOI MOJENi YNpaBIlliHHA BHPOOHHYOIO
JUSUTBHICTIO 3 METOI0 BU3HAYECHHS CTPYKTYPU CUCTEMH HiATPUMKH NPUHHATTS PillleHb MPH
TUIaHYBaHHI i KOHTPOJII BUKOHAHHS JIOTOBOPIB.

Pesyabratn i oGroopenHsi. PospoOiiena (yHKIIOHaJbHA MOJIENb YIPaBIiHHS
BUPOOHMYOIO JISUTHHICTIO TIANPHUEMCTBA 3 HaJaHHS [OCIYr Jajna 3MOTY BHSBUTH
OCOOJIMBOCTI Takoi MisUIBHOCTI, OCHOBHI (yHKHii Ta iHpoOpMauiliHI MOTOKM, MmO IX
3abe3neuyrorh. Ha ocHOBI oTpumaHoi B pe3yibTaTi aHaiily (yHKIIOHANBHOI MOJeni
iHpopMamii BU3HAYEHO CTPYKTYpPY CHCTEMH MIATPUMKH  T[PUHHATTS  pillleHb.
3arpornoHoBaHO Taki CKJIAJ0BI KOMIIOHEHTH CHUCTEMH MIATPUMKH MPUHHATTS pillleHb NpU
IUTAHYBaHHSA W KOHTPOJI BHUKOHAHHS JOTOBOpPIB: 3aCO0M OTpUMaHHs], TpaHcdopMmallii Ta
3aBaHTAXXEHHS JIaHWX, CXOBHIIE JaHHUX, IHCTpyMeHTapid kopucryBaua. CTpyKTypy
CXOBHINIA JIAHUX TIIPOIIOHYETHCS OyIyBaTH Ha OCHOBI KOHIENIii TiOpWUAHOrO CXOBHIIA
JlAaHWX, a caMe: BUKOPUCTOBYBAaTH BIpTyalbHE CXOBHIIE MAaHUX JUIs KOHCOJiAarii
iHpopMaIii 3 yciX 30BHIIIHIX JPKEpel, a Uil KOXKHOT KOHKPETHOI 3ajjayi BUKOPUCTOBYBATH
TeMaTuyHi BiTpUHU pAaHuX. CTPYKTYpY CHCTEMH MiITPUMKH TPHHHATTS pillleHb
OOTPYHTOBAHO 3TiHO 3 XapaKTEPUCTHKAMHU Ta TOTpedaMu isUTbHOCTI 3 HaJJaHHS ITOCITYT.

BucHoBkH. 3anponoHOBaHa CTPYKTypa CHCTEMH MIATPUMKH TPUHHATTS pillleHb
BIJIMIOBiIa€ OCOOJIMBOCTSM HisUTHHOCTI MiANPHEMCTBA Y chepi HAAaHHs MOCIYT H OXOILIIOE
BCl TOTpeOU TP BUPILIIEHHI KJIFOUOBUX 3aJa4 YIPABIiHHS.

Kunro4doBi ciioBa: nociyea, ynpasninnsa, piuiennsa, cmpykmypa, cucmema.

Mpouecu i o6nagHaHHA Xap4yoBUX BUPOGHMLUTB

MeTtoanka BU3HAYEHHS TiIpaBJIiYHUX BTPAT NPH Tedil cTeneHeBUX PiAuH
. o1 2 2
Enyapn bineupkuii , Onena Ietpenko”, Imutpo CeMeHIOK
1 — Xapxiecokuii mopeoeo-exonomiunuii incmumym Kuiscvkoeo nayionanbHoeo mopeogo-

eKOHOMIuHO020 YHisepcumemy, Xapkie, Ykpaina
2 — XapkiecoKuil 0epaicasHull yHigepcumem xapuysants ma mopeieni, Xapkis, Yrpaina
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Beryn. 3ampornoHOoBaHO METONWKY BHM3HAYEHHS TiJPaBIiYHUX BTpAT HpPH Tedii
TEIJIOHOCITB, B’S3KICTh SKUX 3aJ€KHUTh BiJl IIBUIKOCTI 3PYIICHHS 32 CTEIICHEBUM 3aKOHOM,
y TpyOONpOoBOax i KaHajJaX TEIIIOOOMIHHUX MIPHUCTPOIB XapuoBOro 00JIaTHAHHS.

Marepianu i meroam. Po3riisiHyTo creneHeBi piAMHU SK OKPEMHH BHIAJI0K
KpeMHiflopraHiuHoi piavHU. MeToAnKy BU3HAYEHHS TiIPaBIiYHUX BTpAT po3po0JIeHO Ha
OCHOBI METOJly aHAJIOTiH, KU IOJIsIrac B aHai3i 3aJeKHOCTI MICLEBHX OIOPIB 1 OMOpiB
TepTs BiA uucia PeliHonbaca HPIOTOHIBCHKOI PiMHM, 3aMiHU JAiHCHOro ymcio PeitHombaca
JUTSI HBIOTOHIBCHKOI PiTUHM Ha YMCIIO PeiHONbCca A CTETIIEHEBOi PiMTUHM 1 Ha MiJCTaBl
LBOr0 OTPUMaHHA aHAJTITUYHUX (HOPMYJI JUIS BU3HAUEHHS TiJPaBIiYHUX OIOPIB IpH
3BY)KCHHI Ta pO3IIMPEHHI KaHady Ta JUIs BU3HAYCHHS MICICBHX OIOPIB MpU Tedil
CTCTICHEBUX PiJUH.

Pesyabratu i obroopennsi. [[ns moOynoBHM BUpaKeHb BHU3HAYEHHS MiCIIEBUX
OIOpIB TIpH Teuii CTENEHEBOi PiJMHM B CTYMIHYACTOMY KaHajl Ta B TOBOpPOTI (SKi €
HAKOUIBII TOMIMPEHUMH B TEXHOJIOTIYHOMY OOJIa/JIHAHHI) MPOAHAJi30BaHO ITOXOKEHHS
Teuil HBIOTOHIBCHKOI PIJMHM B KaHAJaX 3 aHAJOTIYHMMH TiIpaBIiYHAMHU OIOpaMHu. 3a
JIOTIOMOT'OF0 METO/y aHaJorii mo0ynoBaHO (OPMYJIH IJIsl ONUCY TiAPaBIiYHUX OMOPIB, MPU
3BY)KEHHI ¥ posmmpeHHi kaHaimy. OrpuMani (OpMYIHM TPEACTaBICHO y BUINIAIL CYMH
BEIMYMH, IO IIOB’3aHI 3 NPUCKOPEHHSM abo 3 YINOBIJIBHEHHSM, 3BYKEHHSM abo
PO3LIMPEHHSIM 1 MOBOPOTOM MOTOKY. BHKOpHCTOBYIOUM INPHHIMI aHAJOTIi, I Pi3HUX
BUNAJKIB uucia PeiHonbica oTpuMaHo (oOpMynu Uil BU3HAUSHHS MICIIEBUX OIOpPIB
CTCTICHEBUX PiJUH.

BucnoBkn. OtpuMaHi BUpa3d MOXYTh OyTH BHKOPHUCTaHI JUisi BH3HAYEHHS
Koe(illieHTIB MICLUEBHX OIOpIB HPH Tedii CTENEHEBHX piJUH, PIBHOMIPHO NPHIATHI Yy
LIMPOKOMY Jliala3oHi 3MiHM 4mciia PeifHomblca, 1m0 ae 3MOry IPOBOJMTH SIKICHO HOBE
MPOEKTYBAaHHS TEXHOJIOTIYHOrO OOJagHaHHS XapuoBOi IMPOMHUCIOBOCTI B HAIPSIMKY
3HW)KEHHSI €HEPrOBUTPAT 1 MATEP1aJIOEMHOCTI.

Karwuosi cioBa: Tedis, creneHeBa piluHa, TPyOONPOBiJ, TiApaBiidHi BTPATH,
MOJICITFOBaHHS.

Po3noxin Temnepartyp y Komipkax: po3uHH caxapo3u—KpHUCTAJ HyKPY—PO34nH
caxapo3u—yT¢eJib 3ajIe;KHO BiJ Yacy yBaplOBaHHSI I[yKPOBOro yTdeiio

Tapac I[Noropinuii
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Haii0inpln eHeproeMHMM y BHPOOHHITBI IyKpY € TIIPOLEC OTPUMaHHS
KpHCTaIi4HOI caxapo3u. J{is Horo omucaHHs peani3oBaHO HEpIIMH eTar MaTeMaTH4HOI
MOJIENTi TIPOIIeCy KPUCTaTI3aIlil caxapo3H.

Marepianu i meroam. J{ns HecramioHapHOi 3ajadi TEIUIONPOBIMHOCTI 3HaWAEHO
PO3IIOALT TEeMIepaTyp Y YOTHPhOX KOMipKax: PO3YHH Caxapo3W—KpHUCTAN IYKpy—pO3UUH
caxapo3u—Ty(denb B OFZHOBHUMIPDHOMY IO KOOpJAMHATI BHUMAAKy 3aJIeKHO BiJ dacy
YBapIOBAaHHA I[yKPOBOTO YT(Enro A BUMAAKIB CTAIMX Tia 3MIHHHX TEIUIO(hi3HIHUX
XapaKTEePUCTUK 00JIaCTeH HAa OCHOBI METONY KOHTPOJILHOTO 00’ €MY.

Pesyabratn i odroBopenHsi. [ necsiTH 3HAY€Hb BiJHOCHOTO Yacy yBapIOBaHHs
ykposoro yrgemo (t/t,= 0,15; 0,2; 0,3; 0,4; 0,5; 0,6; 0,7; 0,8; 0,9; 1,0) 3anexHo Bix yacy
KOHTAaKTy CHCTEMH KOMIPOK 3 TIOYaTKOBOIO TemmepaTyporo 75°C 3 IOBEpXHEHO
HarpiBajJbHOi TpyOkH, Temmeparypa skoi 100 °C, orpumaHO pO3NOAIT TeMIEpaTyp y
KOXKHIH KOMIpIIi CUCTEMH, IO PO3JISITAETHCSA: PO3UMH CaXapo3U—KPUCTAN IYKPY—pO3YHH
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caxapo3u—yTQeab Ha OCHOBI PO3B’SI3Ky CHUCTEMH HECTaIliOHApHUX AudepeHIiaaTbHuX
PIBHSHB Y YaCTUHHHX MOX1IHUX MapabOIivHOrO TUITY 31 3MIMIAHUMU TPAaHUYHUMHU YMOBaMU
(mepuroro pomy - st JIiBOTO Kparo IepUIol 001acTi MiXXKPUCTAIBHOTO PO3YHHY, Ta IPYTOro
— JUIS TIPABOTO KParo OCTaHHBOI 00JIACTI YT]EIro).

ITouatkoBa TemmepaTtypa Bciel cuctemMu koMipok — 75°C. TemmepaTypa moBepxHi
HarpiBaibHOI TpyOkm ckiamaiga — 100 °C i BBakajacs CTaJO0 IS BCiX 3HAYEHb T/T, 1
BCBOT'0 Yacy KOHTaKTYy CUCTEMH KOMIPOK Y HarpiBaJIbHI# TpyOLi.

Ipu t/1,=0,15 wa Buxomi 3 HarpiBambHOi TpPYOKM cepenHs (IO KOOpPIHMHATI)
TemriepaTypa mepioi (JiBoi) koMipku ckiamae 99,54 °C npu cranux TerodizHIHUX
XapaKTepUCTUKaX IO KOXHIA 3 KOMipok Ta 99,52 °C — mnpu 3MiHHUX Ter1ohi3uIHUX
xapakrepuctukax. CepemHs TeMIepaTrypa KpHCTally IyKpy CKJIaaae, BiamnoBigHo, 94,67 °C
ta 94,32 °C. Cepenns TemIiepaTypa npaBoi KOMIPKA MiKKPUCTAJILHOTO PO3YHHY CKIIAJAE,
BianosigHO, 90,00 °C Ta 89,42 °C. Cepenns TemrepaTrypa OCTaHHBOI KOMIPKH I[YKPOBOTO
yrderro ckiaaae, Biamnosiaxo, 76,45 °C ta 76,34 °C.

Ipu t/t,=0,15 Ha BHUXOmiI 3 rpirouoi TPyOKH Temreparypa YTGETo 3aIHIIacThCs
MPAaKTHYHO HE3MIHHOIO IMOPIBHAHO 3 TIOYaTKOBOO Ha Biacrani x = 0,0051 M Bix
HATpiBAJIBHOI CTIHKH 1 JIO IICHTPa TPYOKH.

BucHoBku. 3HaiiieHO pO3MONT TeMIeparyp y CHCTeMi KOMIPOK B HarpiBasbHIH
TPyOIIi 3aJISKHO BiJl YaCy KOHTAKTy Ta Ha BUXOJI 3 Hel 3aJISKHO BiJl KOOPIUHATH.

Karwu4osi cnoBa: yykop, memnepamypa, posuun, Kpucmai, ymeeiv.

HOCJ’[i}I)ReHHﬂ BOJIOFOYTpl/IMyBaJI])HOi 3H3THOCTi CyXoro ;xomy

Haranis IBamenko, Bitamiit [llyTrok,
Bononumup bornap, Onexcannp Psouyk
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. OHuM i3 OCHOBHHX IHTPEIIEHTIB KOPMY JUISl BEJIMKOI pOratoi XymoOw Mmae
CTaTH CyXHUH KOM, BUPOOHHUIITBO SIKOTO € Ba)KJIMBUM 3aBJIaHHSM 3 OIJISIIY Ha HEOOX1IHICTh
nepepoOJIeHHsT TTOOIYHUX TPOJYKTIB IIYKPOBOTO BHPOOHHIITBA 3a BiJICYTHOCTI BEIHUKHX
TBapUHHUX KOMIUIEKCIB.

Marepianu i MmeToan. Sk IpOAYKT BUKOPHCTOBYBAJIH CBIXKHH )KOM IIYKPOBUX OYpSIKiB
y BUIISAI €KCTparoBaHoi ciuku Big 50 MM 10 1 MM 3 BooroBmictoM 76...80 %. docmiau
3 CYIIHHA KOHBEKTHBHHM CIOCOOOM 3MilicHIOBamM B CymmwibHiA madi DNG-9035A.
BonoroyrpumyBaibHy 3MaTHICTh BU3HAYAIH K CIIBBITHOIICHHS MiK KUTBKICTIO BOMIH, SKY
BTPUMYIOTh BOJIOKHA Ta sIKa 3aJHMIIAE€THCS B IPOOIpIi IMmicius IeHTpUdyryBaHHs, i
Bi/ITIOB1THOIO KUIBKICTIO CyXUX pe4oBHH (To4HicTh =1 T Bomu/r CP).

Pesyabratu i oOroBopennsi. B pe3ynbrari aHamizy INpOBEIEHHUX EKCIIEPUMEHTIB
YCTaHOBJIIEHO, LIO JKOM, BHUCYIICHWIH HH3bKOTEMIIEPATypHUM CIIOCOOOM, Ha0yxae, B
OCHOBHOMY, 3a mepumx 15...20 xB. 3a meil yac po3mMouyBaHHs KOe(iLliEHT BiJHOBIICHHS
cranoBuTh P = 0,84...0,89. MakcumaiabHe 3Ha4YCHHs KOoe(illieHTa BiIHOBJICHHS CTAHOBUTH
0,93 3a 30 XB 1 )KOMY, BHCYIIEHOTO raps'YyM TOBITpsiM 3 TemriepaTyporo 100 °C.

TpuBanicte HaOyxaHHS Ui INPOMHCIOBO BHUCYIIEHOTO T'PaHYIbOBAHOTO JKOMY
cranoBuTh 20 XB, Ayt pocunHoro — 80 XB. 3a Lel yac po3MOYyBaHHs MPOXOAUTH A0 =
0,69. MakcumanbHe 3Ha4YeHHS Koe]ilieHTa BiJHOBIEHHS TPaHYJILOBAHOTO KOMY
cranoBuTh 0,76 3a 35 xB. [IpoTe micis 1bOro, BHACTIIOK MEXaHIYHHX MOIIKOKCHB i Yac
TpaHyJIOBaHHS, TPOAYKT IOBHICTIO BTpadae (opMy 1 NeEpeTBOPIOETbCS Ha PiIMHHO-
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MTOPOIIKOBHI KOHIIEHTpAT. MakcuMallbHe 3HaueHHsI Koe(illi€HTa BiTHOBICHHS PO3CHITHOTO
xoMy ctaHoBuTh 0,78 3a 105 xB.

HaaMipHe TemioBe HaBaHTaXCHHS HA OJWHHUINKO MaTepially MiJ dYac CYIIiHHS
MIPU3BOIMTE IO 3HAYHOTO PYHHYBAHHS KaIlIIPHO-IIOPUCTOI CTPYKTYPH JKOMY 1 YTBOPEHHS
CKOPUHKH Ha MOBEPXHI, BHACIIJOK YOr0 MPOHMKHEHHS BOJIOTH BCEPEOUHY MaTepiaiy
YCKIIAJHIOETRCS 1 piZIMHA B3a€MOJIE€ 3 TBEPIUM CKEJICTOM IOCUTH MOBiIBHO. Borora He
MIPOHHMKAE BCEPEANHY 3PYHHOBAHHMX KIIITHUH 1 3aIIOBHIOE JIUIIE BIAKPUTI KaMIAPH Ta IOPU
Marepiainy.

BucHoBok. Binbin 3pyiiHOBaHa CTPYKTypa JKOMY CIIPHSE BiTHOBJICHHIO IMOYATKOBHX
BJIACTUBOCTEH YHACIIIOK TOTJIMHAHHA BOJIOTH. IIpOTe 3MaTHICTh MOTJIMHATH BOJIOTY ITiCISA
CYIIIHHA € JIMIIE OMHIEI 3 IIJ0i HU3KH HEOOXITHHUX YMOB, IO BH3HAYAIOTh SKICTh
KIiHIIEBOT'O TIPOYKTY.

Karwouosi ciioBa: yykop, cywinns, scom, 601020YmMpuUMyBaHHsL.
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AHHOTAIIMMN

MuweBble TeXHOJI0rMmn

KauecTBo Jakepan! (cyxoi conéHoii ckyM0Opun), NpUroTOBJIEHHONH Pa3HBIMHU
crnocodamMu B CHHOIICKOM pernoHe

Hiilya Turan, Can Okan Altan, Demet Kocatepe, Asuman Ceylan
Cunoncruii ynugepcumem, Cunon, Typyus

Beenenue. B naHHOM nccienoBaHuM OBLTH pacCMOTPEHBI (PU3MUYECKUE, XUMUYECKUE U
MHUKpPOOHOJIOTHYECKHE CBOIMCTBA JIaKep/Ibl (KOHCEPBBI U3 CKyMOpHUH), KOTOpasi U3rOTOBIICHA
B Pa3HBIX PHIOHBIX Mara3uHaX M YaCTHBIX XO3sHCTBAX.

Matepuanbl U MeToAbl. [Ipy KOHTpOJIE KauyecTBa JIaKep.bl MPOBOAMIMCH AHAIU3BI
COJIep)KaHUs CONIM, JIETyuux coefauHeHuii azota TVB - N, peakTUBHBIX COETUHEHHUI
THOOapOutypoBoii kucnotel TBARS, 3Hauenust pH, axruBHoctu Boabl (Aw), oOmero
yucna Me3o¢pmwibHbIX (TMB) n ncuxorponsbsix (TPB) Oakrepuii, KUIIEYHOH Najouku
(TC), mecenu u (TMY) apoxokeid.

PesynbtaTsl u o0cy:xnenmne. ConepxaHue COlU B TKaHAX H3MeHsuiock oT 11,96 mo
14,59, a aKTUBHOCTh BOABI I BCEX TPYII 3HAYMTEIBHO oTiauyanack (p<0,05).
HaGmoganack 3HauuTenbHas KOPPENALUS MEXKIy MOTJIONIEHHEM COJIIM M aKTUBHOCTBHIO
Bomsl. A, C m E rpynnbl mMenn Oojiee HHM3KYIO aKTUBHOCTH BOJBI M 0ojiee BBICOKOE
conepxanue comu (p <0,05). KomuuectBo TVB-N BapsupoBanace or 20,01 mo 34,14
mr/100 1, a makcumainbHoe 3HadeHHe TVB-N ObUIO MOJy4eHO Ui JIaKepAbl, KOTOpas
COJIEP’KUT MHUHHUMAJBHOE KOJIMYECTBO CONM M MaKCUMaJbHOE 3HAYEHUE aKTUBHOCTU BOJBI.
3nauenuss TBARS naiinenst mist A, B, C, D, E rpynn u cocTaBisioT COOTBETCTBEHHO
19,54, 15,78, 17,58, 19,52 u 6,84 mr MDA/kr. Haumenriue 3nauenns TBARS umeer
JIOMalIHAA JlakepJaa, KOTopas COAEP)KUT 3HAYMTENbHOE KOJMMYeCTBO conu. g artoi
TPYNITBl YCTAHOBIICHO JIy4IIIee Ka4eCTBO U 10 APYTUM KPUTEPHSIM.

CaMoe HHU3KOe 001IIee KOJIIMYeCTBO ME30QHIBHBIX OaKTepuii ObUIO BBISBICHO B TPYIIIE
D. I'pynmet A, B, C u E ormnmuanuce He3HaunTeNnbHO. Pe3ynbTaThl MUKPOOHOIOrHYECKUX
WCCIIEIOBAaHUH JUTS Pa3HBIX TPYII 3HAUYUTENbHO oTiindanuch (P <0,05), oqHako Bee rpymnms
TIPUTOJTHEI JUIsl TOTPEOJICHHST TI0 MUKPOOHOIOTMYECKUM TIOKa3aTeISIM.

BeiBoa. Otiinuust B crioco0e colieHbst (THIT COJHU, CIIOCO0, TUTHEHA, YlaleHHEe KPOBH,
TeMIIepaTypa XpaHEeHHUs U T.Jl.) IMEIOT 3HAYUTENILHOE BIMSHUE Ha Ka4eCTBO JIAKEPIbI.

KuaroudeBble ci10Ba: puiba, 1axepoa, conenve, KOHCEPEUPOsaHue.

CKOpIIOHepa " KOH KaK (l)yHKIIPIOHaJI])HbIe odoraTuTe NMUIIECBLIX ITPOAYKTOB

1 1 2
Anna bamra', Hagexxna MBuyk', Anekcanap bamra
1- Hayuonanvuwiti ynugepcumem nuujevix mexuvonozuil, Kues, Yxpauna
2 - Hayuonanvuwiii aguayuonnwiii ynusepcumem, Kues, Ykpauna

Brenenune. B mupe cymiectByer mpobiiema AeUIUTa TOTHCAXaPUIOB, YTO MPUBOJUT
K Pa3BUTHIO pa3iW4HbBIX 3aboseBanHui. llenp uccnenoBaHuWii - oOmpenesieHHe COCTaBa
MO CAaXapUIOB TAKOT'0 PACTUTEIBHOIO CHIPhs, KaK CKOPI[OHEpa M SKOH JJIs OOOTalleHUS
M30paHHBIM CHIPHEM IHIIECBBIX TPOTYKTOB.

170 —— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 1



—— Abstracts ——

Martepuanbl U MeToabl. OnpenesiecHO ColepKaHue IONMUCAXapUIOB B KOPHEILIOHAX
SIKOHA U KOPHEBHUIIIAX CKOPIIOHEPHI, MIOPE U MOPOIIKAX U3 HUX IO U3BECTHBIM METOIUKAM.
ConepkaHie TIEKTHUHOBBIX BEIIECTB OINPEIECIICHO BECOBBIM METOIOM, COICPIKAHHE
HHYJTHHA — TI0 MeToay bepTtpana. OmpeneneHre MaccOBOM JONMHM KJIETYATKA OCHOBAHO Ha
Pa3IOKECHUH BCEX IPYTHX OPraHWMYCCKHUX BEIECTB KOHIICHTPUPOBAHHON a30THOM KHCIOTOM
B CMECH C YKCYCHOW U TPUXJIOPYKCYCHOU KHUCITIOTaMHU.

Pesynbratel U o0cysxknenne. CKOpIOHEpa U SIKOH — IOCTATOYHO IIEHHBIE KOPHETLIO/bI
IO CBOMM ITUIIIEBBIM M OHOJIOTHYECKUM CBOMCTBaM. J[J1s1 MCCIIeIOBaHMH HCTIONB30BAJICS SIKOH
copra FOnqunka, anuHO# okorno 20 cm, quamerpom — 10 cm ¢ CB (cyxue Bemectsa) — 16 % u
cojepkanueM wuHynmuHa — 7 %, ¢pykroser — 5 %, kmerdatku — 0,6 %. Kopheruma
ckopioHepsl coaepxkanu CB — 15 %, unynuna — 5,7 %, nexktuna — 0,9 %, knerdatku — 0,8 %.

Kak B mrope, Tak ¥ HMOPOIIKaX MCCICAYEMOrO ChIPhs COXpaHIETCs 00mas TeHACHINA K
BBICOKOMY COJICPKaHUIO HHYJIUHA sikoHa (41,5 - 42,3% B CB) u ckopuoneps! (37 - 38,2 % B
CB), xieruatku — 2,8-3,4% B CB sixona u 3,1 - 3,7% B CB ckoproHepsl. DTO J0Ka3bIBACT
1IeJIeCO00Pa3HOCTh NMPHUMEHEHUS TMPOAYKTOB IMEpepabOTKH sSKOHA W CKOPIIOHEPHI Kak
(YHKIIMOHATBHBIX 000TaTUTEIICH B TEXHOIOTHH MTOTYYCHHUS 03I0POBHUTEIBHBIX TPOIYKTOB.

B To e BpeMms TMONyuYeHHBIC pPe3yJIbTaThl IMOKA3add CIIOKHOCTh pPEaTU3aInU
(YHKIIMOHATIPHOTO OOOTAIICHNSI HEKOTOPHIX IHUINEBBIX MPOAYKTOB ITyTEeM BHECCHUS B
peuenTypy mrope, KOTopoe coaepkut Bcero 15 - 18% cyxux BeliecTB, U COOTBETCTBEHHO,
6,3 - 7,5% wunynuna, 0,7 - 1,2% xinerdatku. B cBsA3M ¢ 3TUM B OOJBIIMHCTBE TEXHOJIOTUN
MTUINEBBIX MPOJAYKTOB MPUMEHEHHE IMIOpE B KOMMYeCTBE MeHee 15% K Macce MpoayKTa He
JTaeT OCHOBAaHUH OxuIaTh A dexTa PyHKIIHOHAIEHOIO 000 alleHHUS.

Hcnonp3oBaHue TMOpOIIKAa M3 BBHIOPAHHOTO CBHIPhS UL TMOJAYYCHUS IHIEBBIX
MIPOAYKTOB MOXKET CYIIECTBEHHO MOBBICHTH B HUX KOJMYECTBO ITUINEBHIX BOJIOKOH, TaK KaK
MTOPOIIIOK ¥ CKOPIIOHEPHI, M SKOHA C BBICOKMM coaepskanueM CB (87 - 90%) comepxwur
3HAYUTETHHOE KOJIIMYCCTBO MOITHUCAXaPUIIOB.

Hawmnmyunreli  1mo30ff BBEIEHUS B CIMBOYHOEC MOPOXKEHOE (DYHKIIMOHAIBHOTO
oborarurens siBisiercst 3-4 % MopoIKa CKOPIIOHEPHI WK SIKOHA.

BoiBoabl. Kak ckoprioHepa, Tak U SKOH COJEpXaT 3HAYUTEILHOE KOJIUYECTBO
MOJIMCAXapUOB, B YACTHOCTH HHYJIMHA, KOTOPHIH HMMEET NpPEOMOTHYCCKHE CBOMCTBA,
ITOTOMY KOPHEIUTOMBI SIBJISIOTCS BEChbMa IEPCIICKTUBHBIMU JUIS HCIONB30BaHUS B cdepe
037I0pPOBUTEIHHOTO TUTAHUS.

KaroueBsie cinoBa: noaucaxapuo, ckopyouepa, siIKoH, UHYIUH, 300po8be.

Biausinue creneHu meJYHICHUS, YBJIAKHCHUA U OTBOJTAKUBAHUSA 3€PHA CIICJIbTHI HA
BBIXOJ KPYIIbI K €€ KAY€¢CTBO

Huna Ocokuna, Buranwuii JIrooud, Banepus Bosusta
Ymanckuii nayuonanvusiil ynusepcumem cadosoocmsa, 2. Ymanv, Yrpauna

Beenenue. /s 3epHa CHEabTHI HE pa3pabOTaHbl TEXHOJOTMH TEPEpabOTKU €ro B
KpyIly, HE OIpeIcicHI ONTUMAJbHBIC MapaMeTpi YBIAKHEHWS M OTBOJIAXKHBAaHUA,
CYIIECTBEHHO BIIUSIOLINE HA BBIXOJ TOTOBOTO MPOIYKTA.

Martepuanbl 1 MeTOIbI. 3€pHO CIEIBThI BIAXXHOCTBIO 12 % yBIaXHSIN 10 3aAaHHON
BrnaxkHoctH 13 %, 14, 15, 16 u 17 %, orBonoxuBanu npoaospkutenbHocteio 0,5, 1, 1,5 u
2 yac, Tocje 4ero HampamisLIM Ha mepepa0Oorky. lllemymienne 3epHa OCylIecTBISUIN Ha
J1a00PaTOPHOM IICTYIITUTENE C TPSHUEM ero 00 aOpa3uBHYIO MOBEPXHOCTh, YTO BHI3BIBACT
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COCKa0JIMBaHUE O0OJIOUEK CO CKOPOCTBIO BpamieHus padbodero oprana 3000 o6/MuH.
KynuHapHyro OIIEHKY Kallld M3 CIIEIBTHI MPOBOIIIIH 10 9-0aJIIbHOM IIKaJIe.

PesynbTaTel 1 o6cy:kaenne. KymunapHas OI[ecHKa Kallld C 3¢PHA CIEIbTHl MEHSIETCS B
3aBHCHMOCTH OT CTEICHHU €ro MIeNyIieHnus. Tak, CHIbHO BRIPAXKEHHBIH 3alaXx UMeeT Kpyra
co crenenbto menymenns 10-22 % — 9 6amno. 14-22-npoleHTHAs CTENeHb NICTyIeHUs
3epHa 00CCIICUYNBACT CUIIHO BBIPAKEHHBIH BKYC Kallld, YTO OOYCJIOBJICHO YMEHBIICHUEM
coziepkaHus 000JI04YCK 3epHA B KpyIe. bonee HU3Kas cTeneHp menymeHus 3epHa (4—14 %)
00yCIOBIMBACT BBIPAXKCHHBIA BKYC Kamd. [[BeT kamm MeHsIeTCs OT KPEMOBOIO OKpaca C
KOPUYHEBBIM OTTEHKOM IPH CTEICHU HISTYIICHUS 4—6 %, TEMHO-KPEMOBOI'O MPH CTCIICHU
menymeHus 8—12 % 10 cBeTI0-KpeMOBOTO C JKEATHIM OTTEHKOM MPH CTENEHH IIETyIIEHU
14-22 %. KoHCHUCTECHIINS KAl ¢ KPYIIbI CIIEIBTHI HE MEHSICTCS B 3aBUCUMOCTH OT CTCIICHU
IICTYIICHUS U SBJISETCS pacchimuaToi. KoahGurmenT pasBapuBaHus KalH ¢ 1ET0H KPYITbI
CIENbTHI pacteT ¢ 5,4 mpu 4—6-TIPOIEHTHON CTENeHHu IenynieHus no 6,3 — npu 22-
MIPOIICHTHOW CTEICHM IIENYIICHHS, OCKOJIbKY OOOJOYKH HE CHACPKUBAIOT HaOyXaHWe
Kpynbl. OZJHAKO ONTUMAJILHBIM BapHaHTOM sIBJsieTcs: 14—16-TpolieHTHOE CHATHE 000104eK
C 3epHa.

Hanmenpmuii BBIXOA KpyIBl MOJY4E€HO IpU BiIaxHOcTH 3epHa 13 u 14 %, uro
cocTaBiiseT, cooTBeTcTBeHHO, 83,8 u 84,0 %. YBnaxHeHue 3epHa J0 15-mpoileHTHOI
BJIQYKHOCTH U €r0 OTBOJIAXKUBAHHE CYIIECTBCHHO BIIMSACT HA BBIXOJA KPYIbL. BBIXOI KPYIIBI
IIPU 5TOW BIAXHOCTH B TeueHue (,5-4acoBOro OTBOJNaKUBaHMA cocTaBiseT 87,5 %, 4ro
CYIIECTBEHHO MO CpaBHEHUIO ¢ 13—14-npoleHTHO! BiaxxHOCThIO 3epHa (HHUP); = 3,7). 1o
MPOMOJIKUTEIBPHOCTA OTBOJIAKUBAHHMS B TEYCHHHM OIHOTO dYaca 3TOT IOKa3aTelb
yBenuuuBaercs g0 87,8 %, monrtopa vaca — 87,9 %, oaHAako OH HECYIIECTBEHEH IO
CpaBHEHMIO C MOJIy4aCOBBIM OTBOJAKMBAHHEM. Y BIIaXKHEHUE 3€pHa crienbThl 10 16 u 17 %
He OOeCIeYnBacT TMOBBIIICHHE BBIXOAA KPYIBI IO CPaBHEHHIO C 15-mporneHTHOM
BJIQYKHOCTBIO 3EpHA.

BoiBoabl. IIpuMmeHeHHE pe3yNbTaTOB HMCCICIOBAHUIN IMO3BOJSCT YMEHBIIUTH BBIXOJ
kopMoBoi Myuku Ha 10-15 % 3a cuer MmeHblueil crenenu menymenus (14-16 %), uro
JIOCTUTAETCS YBJIXKHCHHUEM 3epHa JI0 15-TPOLEHTHOM BIIAXKHOCTH C MPOJODKUTSILHOCTHIO
oTBoJakuBanus 0,5 4.

KnaroueBsle cioBa: cnenbma, Kpyna, yenasjicHenue, Omseoaiaxcusanue, weayueHue.

BoisiBJIEeHHE CHCTEM C YCTAHOBUBIIMMCS PABHOBECHEM B BOAKAX, 3AaBUCHAIIIUX OT
TpaHC(l)OpMaIH/IPI T'HIPOKCHJIBHBIX IPOTOHOB

Oner Ky3pmun
Hayuonanvnwiii ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

Beenenne. llenbio myOnMKanuy SBIISETCS BBISBICHUE YCTAHOBHBIIETOCS PaBHOBECHS
THIPOKCHIBHBIX MPOTOHOB ATAHOJA M BOIBI AJIS Pa3IUYHBIX BHUAOB BOJOK M CaMOrOHa,
KOTOpbIE ITPOU3BOIATCS B Y KpauHe.

Marepuanabl U Metoabl. C TOMOIIBIO MEPHOW THIIETKH 3aJaBaJici HEOOXOJUMBII
o0beM (0,3 mu1) Boaku (BOAKH 0CO0OM, camoroHa). HeoOXOmuMbIil iss paOOThl CHCTEMBI
LOCK'a - neiirepueBoii crabmimzanmu SIMP criektpomerpa aneTon-dg - BHEIIHUKA CTaHIAPT,
KOTOpPBIM OTZAENEH OT UCCIEAYyeMOro BeIIeCTBA, BHOCWICA B aMIyly B Kamwuisipe
crenmanbHOi (popmel. 3amuck criektpoB 'H SIMP u 00paGoTka JaHHBIX MPOBOIMIHCH B
COOTBETCTBUH C MHCTPYKLIMEH, kotopas npuiaraercs Kk @ypoe SIMP criektpomerpy Bruker
Avance II.

172 —— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 1



—— Abstracts ——

Pe3ynbraTthl. B Xonme NMpoBENEHHBIX HCCIEIOBAHUA YCTAHOBJIEHBI HPHUHIUITHAIEHO
HOBBIE aCHEKThI, KOTOPBIE CBS3aHbI C AeTalM3alnell BHYTPEHHEr0 MeXaHU3Ma OIpe/lelICHU ST
YCTaHOBHMBUIETOCSI TEPMOAMHAMHYIECKOT'O PABHOBECHUSI B TOTOBOM IIPOYKTE — BOJKE (BOIKE
ocoboi, camorone). [Ipu 3TOM ycTaHOBHBIIIEECS PABHOBECHE XapaKTEPU3yeTCsl HAINYHEM B
THJPOKCUIIBHOM Tpyme o0beanHeHHoro yHurapHoro curnana EtOH+H,O u orcyrcrBuem
XUMHYeCKoro ciapura Mexxay HuMH (Ad;=0 ppm). HeycTaHoBuBIIEECS W NEPEXOAHOE
pPaBHOBECHE XapaKTEPU3YIOTCSl HAIMYMEM B THAPOKCUIILHOM TpYIIE JBYX pa3ieibHBIX
curnaios EtOH u H,O.

Pa3Huiia B XUMHYECKHX CIOBHIaX MEXAy METHJICHOBOW TPYIIIOH IIPOTOHOB 3TaHOJA
(CH,) u ruapoxcunbsHo# rpymmoi (EtOH+H,0) mist 7 o0pasiioB cocrariseT Ad,=1,23 ppm,
st 5 obpasioB — Ad,=1,27 ppm. Pa3HuIla B XUMHYECKUX CIBHIaX MEXKIY METHJICHOBOM
rpymnro# nporoHoB dtanona (CH,) 1 MmetunbHOU Tpynmoii atanona (CH;) s Bcex o0pa3noB
coctaBisier Ad;=2,45 ppm, 4TO MOXKET CBUICTEIBCTBOBATh O CTAOMIBLHOCTH XMUMHYCCKHX
C/IBUTOB MEXIy JAHHBIMU TPYIIAMH U KPernocTu cBsizell mexnay merwibHoi (CH;) m
metmneHoBoii (CH,) rpynmamu.

BuiBoasl. Ha ocHOBaHMM TPOBEEHHOTO MCCIIEIOBAHUS YCTAHOBJICHO MPUHIMITHAIBEHOE
OTJINYHYE B IOBEJICHUH THAPOKCUIILHBIX ITPOTOHOB 3TAHOJA M BOJBI B BOJIKAX, BOAKAX 0COOBIX
1 camorone ¢ momompio 'H SIMP criektpockoruu. IlomydeHnble B paboTe paBHOBECHBIE
CHCTEMBI TIO3BOJISIIOT YCOBEPIIEHCTBOBATh TEXHOJIOTMYECKHI MPOLIECC MPOU3BOJICTBA BOJIKU
Ha JINKEPO-BOIOYHBIX TPENPUATHSX IS CTAOMIN3ALUH Ka4eCTBa TOTOBOM MPOAYKIIUH.

KiioueBble CI0BA: 600Ka, pasHosecue, eudpokcun, npomow, 'H SIMP
CNeKmpOoCKONUsL.

Texnomorus repoaueTUHI€CKUX MACHBIX ITPOAYKTOB

Jrogmuna Ilemyk, Oner I'anenko, Bepa Cepruna, Xpuctuna Jlbinka
Hayuonanenwiii ynusepcumem nuwesvix mexronoeut, Kues, Yxpauna,

BBenenue. AKTyanbHOCTH Pa0OTHI 3aKIIIOYaeTcss B OOOCHOBaHWHM BBIOOpa MSCHOTO
CBIpbsi B KaueCTBE MATpPHUIBl JUIA CBS3bIBAHMS HOHOB KaJblIUsl M BHIOOp 0O€30macHoro,
3¢ PEKTUBHOTO U IOCTYIMHOT0 (PepMEHTHOTO TIpenapara Jyis IIPOBESHHUS IIPOTEOIU3a.

Matepuanbl u metonnl. [Ipenmer uccnenoBanus - pybdeny KPC, ctBopku Mumui,
MoJIeIbHBIe (aplii W TOTOBBIE KOJIOACHBIE H3Menus. [IpOTEoNMTHYECKyl0 aKTUBHOCTB
(bepMEHTHBIX IIpenapaToB ONPEIeUTd MOAU(UIMPOBAHHBIM METOJOM AHCOHa. Meron
OCHOBaH Ha THAPOJM3E Ka3eMHaTa HaTpUs HCCIeAyeMbIM (EpPMEHTHBIM IIPErapaToM [0
MIENTUIOB U aMUHOKHCIIOT C MOCJIEAYIOIIMM UX KOJTHYECTBEHHBIM OIPE/ICICHUEM.

Pesyabratbl. C [enplo yBENWYEHHs KOJIMYECTBA (YHKIMOHAIBHBIX TPYyMH JUIs
JYYIIero CBS3BIBAHWS HOHOB Kb TPOBENEHO HCCIENOBaHUE PAlOHAIBHBIX
napamMerpoB (EepMEHTaTHBHOIO IIPOTEONU3a KoylareHa3od mnwmmeBoid pyoua KPC.
ParonaneHble mapaMeTpsl (PEpPMEHTATUBHOTO IPOTEOJN3a: MPOAOIDKUTEIHHOCTh 3 Hac,
temrepatypa 12 °C, runpomonyns 1:1, pH 7,0, xoHneHTpamms (GepMeHTHOro mnpenapara
0,1%.

[oBbilieHNE conepKaHUsT BJIAard B Cpele HE NPUBOJUT K CYIIECTBEHHOMY POCTY
CTENeHN MPOTEOoNN3a, a JIMIIb YBEIWYMBAET BIAKHOCTh KOHEYHOIO MPOIYKTAa, TOITOMY
MUHHMAaJILHOE paIlOHaIbHOE cOooTHOIIeHUe Boja:pyoenr KPC = 1: 1.

C yBenuueHWeM KOHIEHTpALMK PacTBOpa LUTpaTa KIS COJCP)KaHUE CBS3aHHOTO
Kajbimsa Oenkamu pyona KPC yBenmuuuBaeTcs M CTaOWIM3HpYETCs MpH 00paboTke 3,5-
MIPOLICHTHBIM pPacTBOpOM. B janpHeliieM HacTymaeT Mopor HACHIIIEHHS, MOCIe KOTOPOro
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yBEJIMUEHNE KOHIIEHTPAIMM PACTBOPa HE BIIMSIET Ha CTEIICHb CBS3BIBAHMS MOHOB KalbIIHS,
noaToMy Jutst 3 (HEKTUBHOTO KAIBIMHUPOBAaHUS TocTaTouHO 60 MUH 00paboTku pyodia KPC.

Jlst obecnieueHuss MUKPOOHOJIOTHYECKONW Oe30MacHOCTH cMech HarpeBanu a0 85°C u
BBIZIEpKUBaIONHU B TeueHue 10 MuH.

C noMOIIbI0 TOMHOTO (haKTOPHOTo HKCIEepUMeHTa ( MOCIEAYIONMM MaTeMaTHIeCKUM
MOJICTIMPOBAaHHEM B NpoOieMHO-opueHTHpoBoyHOM makere MathCad) paspaborana
MaTeMaTu4eckass MOJeb 3aBUCUMOCTH IPOIOIKHTEILHOCTH U ONpeesIeHHOW TeMIiepa-
TYypHI IIpoTeoin3a. [lokazarens coaepkaHus aMUHHOT'O a30Ta B TOJYY€HHOM THAPONIN3aTE
pyoma KPC Opu1 u30paH B KauecTBE IapaMeTpa ONTHMH3alWHu. VccienoBaHUAMU
MOATBEPXKIEHbl JaHHBIE B MOJENH CpeAbl Mpu (EPMEHTATUBHOM MPOTEONIH3E
cybnpoaykToB Bropoi# kareropuu (pyoer KPC).

BoiBonbl. Pe3ynbraThl paboThl pPEKOMEHIYETCS WCIIONIb30BATh B MSCHBIX MPOIYKTaxX
CHELUaIbHOIO THTAHUSI - TePOJUETHUECKHX. Pa3paboTka CHMXKAeT CTOMMOCTh T'OTOBOM
NPOAYKIUH, oloram@aer ee MHUKPOHYTPUEHTAMH M YIY4IIAaeT YCBOGHHE OpPraHM3MOM
YeJIoBeKa.

KaroueBsie cnoBa: vsico, cepoduemuynutl, pybey, npomeonus, KOLAeeHAd3d.

KOHKyptHlTOCHOCOﬁHOCTb rpaHyJ xmeJjisd YKPanHCKOro npou3Boacrsa

1 2
JInnus Ipouenko , Ceetnana JINTBUHUYK
1 - Uncmumym cenvcxoeo xozavicmea Ionecvss HAAH Yipaunv
2 - Hayuonanvuwiii ynusepcumem nuwyesbix mexronocuti, e. Kues, Yxpauna

Beenenue. B YkpanHe xmenb B OCHOBHOM IepepabarbiBaioT B Tpanynbl THil 90,
KOTOpBIH MTPaKTUUECKH HE OTIMYAETCS 110 OMOXMMUYECKUM MOKA3aTeNsIM OT IIHIIEK XMEJIsL.
Llenp uccnenoBaHUs 3aKII0YAETCS B ONPEAEICHUH KOMIUIEKCHOM TEXHOJIOTHYECKON OLIEHKH
KadyecTBa TrpaHynl xmenss Tan 90 yKpauMHCKOTO TPOW3BOJCTBA W YCTAHOBJIEHHU HX
KOHKYPEHTOCIIOCOOHOCTH.

Matepuanbl 1 MeTOABI. Vcronb30BaHbl COBPEMEHHBIE (PU3UKO-XUMHYECKHUE METOIBI
OITpe/IeIeHUs] KAUeCTBEHHBIX ITOKa3aTelleil TpaHyil XMels, ClelHalbHble U OOLIETIPUHSTHIC
B XMEJIEBOJAYECKOH 00JIaCTH, B YaCTHOCTH: BBICOKO3((EeKTHBHAS  IKHIKOCTHAs
xpomatorpadus, TazoBasg Xxpomarorpadus, CHEKTPOPOTOMETpUS M  MaTeMaTHKO-
CTATUCTUYECKUE C UCIOIb30BAHHEM IUCIEPCHOHHOI'O M KOPPENIALIMOHHO-PErPECCUBHOTO
aHaJM3a JUIS OLEHKH JOCTOBEPHOCTH IIOJy4E€HHBIX PE3yNbTaTOB UCCIEAOBAHHM.

PesyabTathl U obcy:kaeHue. OmpeneseHO, YTO KOJIUYECTBEHHOE COMCpIKaHUE U
Ka4yeCTBEHHBI COCTaB TOPHKHUX BEIIECTB, 3(UPHOro Macia, NoIU(pEHOIbHBIX COSTUHEHHN
W KCaHTOT'YMOJIa B TpaHylaX XMeJsl YKPauHCKOrO NPOU3BOJCTBA CTaOMIBHBIA MU
COOTBETCTBYET NACHOPTHBIM JaHHBIM COpTa XMeJs, W3 KOTOPOro OBUIM HM3TOTOBJIEHBI
rpaHyisl. /lokazaHo, YTO IO CBOMM XapaKTEPUCTHKaM I'PaHYJIbl COOTBETCTBYIOT MUPOBBIM
aHajoraM, a MMEHHO: TrpaHynsl xMmens coptoB Kion 18 u 3mato Ilomecks mo
OMOXMMHUYECKMM M TEXHOJOTMYECKHM II0Ka3aTelssM COOTBETCTBYIOT XapaKTEPUCTUKE
rpaHyJ 4euickoro copra YKaTelkuii, rpaHyJibl, H3TOTOBJICHHBIE, U3 TOPHKOI'0 COpTa AJbTa,
1o OMOXUMHYECKUM ITOKa3aTellsiM COOTBETCTBYIOT I'paHyjJaM HEMeNKoro copra MarHyM, a
rpaHyJibl TAKHX COPTOB, Kak CiaBsiHKa M 3arpaBa 1o COCTaBY U KaueCTBY F'OPbKUX BEIECTB
1 3(UPHOro Maciia 3HAYUTEIHHO TPEBHIIIAIOT MUPOBBIC AHAJIOTH.

BoiBonpl. Takum 00pa3oM, ONTHMANBHOE COYETAHHWE APOMATHUECKHX M TOPBKUX
BEIIECTB B IIWINKAaX XMEJIsl YKPAaMHCKOW CEJIEeKIMH M BBICOKas TEXHOJIOIMYHOCTh
o0opy/moBaHusl Uil TPaHYISIMK OOECIEYHMBAIOT TpaHyjJaM OTJIMYHBIE [HUBOBAapEHHBIC
kayecTBa. Ha ocHOBe CpaBHHUTEIBHONW OMOXMMUYECKON XapaKTEPUCTHKH TPAHYJl XMEJS THIT
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90, IMPOMU3BOJUMEBIX B YKpaI/IHe " CTpaHax EBpOHH, YCTAHOBJICHO COOTBCTCTBHUEC Ka4CCTBa
YKPaAUHCKUX XMEJICIPOAYKTOB MUPOBOMY YPOBHIO.
KuarwueBble ciioBa: XMmeilb, epanyia, nueo, Ka4ecmaeo, OUOXUMUSL.

MeskoancnepcHoe NPsTHOAPOMATHYECKOe H KAPOTHHOCOAep Kalliee ChIpbe B KadecTBe
ITAB 11 3MyJIbCHM THIIA MACJIO B BOJie

I'eopruit JIssunen, Tatesana Uimenko, Auapeii ["aBpui,
Anexcanapa Hemupuy, Jlapuca ApcenneBa, Upuna J{oBryn
Hayuonanvnwiti ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

Beenenue. lccnemoBaHbl — IpoIleCcCHl  CTPYKTypooOpas3oBaHus B coycax
SMYJBCHOHHOI'O THIAa C WCIOJAb30BAaHHEM (DUTOMACISHOTO KapOTHHCOAEPIKAIIETO
nonyabpukara - CMECH MEJIKOAUCIIEPCHBIX IOPOIIKOB MPSHOAPOMATHYECKUX U
KapoTHHCOZEp)Kallero  ChIpbsl B cpene Macia. IlepcriekTnBa — MCIIONB30BaHMS
pa3pabotaHHoro  monygaOpukara B  TEXHOJOTHHM  HHU3KOKAJOPHUHMHBIX  COYCOB
SMYJIBCHOHHOI'O THIIA 3aKJIIOYaeTCsi B TPOSBICHHU MOBEPXHOCTHO-aKTUBHBIX CBOMCTB
YKa3aHHOH PacTUTEIFHOTO CHIPbSI.

Matepuanbl n Metoabl. CTpyKTypHO-MEXaHHYECKUE CBOMCTBA T'OTOBBIX COYCOB
uccinenoBaiuck ¢ nomormibio peomerpa AR 2000ex. DopMbl CBsI3U BOJABI B OIBITHBIX
00pasIax coycoB onpeAesuIich Ha nepuaTtorpade Q -1500D. DMyaprupyromime cBoicTBa
MIOPOIIKOB NPSHOAPOMATHYECKUX M KAPOTHHOCOJEPIKAIIETO ChIPbS OMHCBIBAIN 110 TOYKAM
uHBepcuu Pas.

Pe3yabraThl W 00cyKkneHHe. 3a CUET CONEpXKaHHsS IIONMCAaXapHIoB U A(PHUPHBIX
MaceJ M3MENbYEHHOE U CYIIEHOE INPSHOAPOMAaTHYECKOe M KapOTHHOCOAEPIKAILEE ChIPhE
CIOCOOHO CO37aBaTh YCTOMYMBHIE KOJUIOWIHBIE CHUCTEMBI - SMYJIBCHU MAaciio B BOJIE.
UccnenoBanusi  SMynerupyrom@aed  COOCOOHOCTH — MEJKOAWCIIEPCHBIX  ITOPOLIKOB
MPSTHOAPOMAaTHYECKOI0 U KapOTHHOCOEPIKAILETO ChIPhSI B AIMYJIbCHUSAX THIIA Macllo B BOJE
MOKa3aJM, YTO 3MYJIBIHPYIOIAsl CIIOCOOHOCTh TOPOIIKAa METPYLIKH cocTaBiseT 16 % u
36 %, YTO BBINIE, YeM B IMOPOIIKE W3 YKPOINa W KapOTHHOCOJEPIKAIIEro ChIPbs
COOTBETCTBEHHO.

[IpoBeneHo ompeneneHHe 3aBUCHMOCTH PEOJIOTHYECKHX CBOMCTB COYCOB OT
KOHLIEHTpalMK (PUTOMACIISTHOTO KapOTHHOCOIeprKaliero noiaydadpukara. ['0ToBbIi coyc ¢
MaccoBOi moneil (uToMacisHOro KapoTHHOconepkamiero mnonygadpukata 30% mpu
ckopoctu casura 200 ¢! umeer 3¢ GeKTUBHYIO BSI3KOCTh B jauamna3one 22-50 Ila - ¢, uto
OIITHUMAJIBHO JJIsl COYCOB AMYJILCHOHHOI'O TUTIA.

CootHomenue (GopM cBsi3eld BJIark B coycax SMYJIBCHOHHOI'O THITA TIPHOJIMKAETCS K
OINITUMAJBHOMY TpPH KOHIEHTPAUH (HUTOOIHHHOIO KapOTHHOBMHUCHOIO Moiy(adpukaTa
30% x wmacce coyca. Ilpm sToM HaOIIOmAaeTCS KPEIKOE CBA3BIBAHUSA BJIATH, YTO
CHOCOOCTBYET TIOBBIINICHHIO arperaTMBHOW YCTOMYMBOCTH CHUCTEMBI, IMPEAOTBPAIIAET UX
pacciauBaHue.

BoiBonpl. Coychl  OMYIBCHOHHOTO  THIA, W3TOTOBJICHHBIE HAa  OCHOBE
pa3paboranHoro  moiydaOpukaTa, O0JAAalOT  ONTUMAJbHBIMH  PEOJOTHYCCKHMU
rapameTpamH. Taxum obpazom, MOXHO  PEKOMEHJIOBATh (uTOMacITHBIN
KapoTHHOCOZAEpKaIuid monypadpukaT Ajis TPOU3BOJCTBA COYCOB AMYJIBCHOHHOIO THIIA
TIOBBILIEHHOH IMUINEBON IIEHHOCTH 0€3 WCIIOIb30BAaHMs JONOIHHUTENBHBIX 3MYIbraTOPOB,
CTPYKTypOooOpa3oBaTesell CHHTETHYECKOH IPUPOIbI.

KiroueBble ciioBa: omyiavcus, mepmocpasuomempus, noaucaxapuo, [1AB.
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Ouemca KavyeCTBaA MACHBIX (l)ap]]IeB])lX CHUCTEM C UCITOJIB30BAHHEM HOﬁaBKH 0eJIKOBO-
MHHepaﬂbHOﬁ o (l)yHKIIPIOHaJI])H])IMI/I TIoKa3aTeJsIMu

Huxkomnaii I'onoBko, Makcum Cepuk, TaTtbsiHa ["onoBko, Banentun Ilonynan
Xapvrosckuil 20cyO0apcmeer bl yHusepcumem RUManus U mopeosiu, Xapvkos, Ykpauna

Beenenue. llenbio paOoTHl sIBIsieTCSl HaydyHOE OOOCHOBAHWE BIMSHHA JOOABKH
0ekoBo-MuHepanbHOH (JIBM) Ha (QYHKIHOHATBHO-TEXHOJOTHUECKUE CBOWCTBA MSCHBIX
(bapIIeBBIX CUCTEM U MSCHBIX PyOJICHBIX W3JIEITHH.

Matepuanbl W MeTOABI HcCCJeI0BaHWs. Marepuanamu HUCCIEIOBaHUN ObuIH
HaTypaJIbHbIE ¥ KOTJIETHbIE MSICHBIEC (haplly, MSICHbIE pyOJICHbIE M3/ENusl, U3TrOTOBJICHHBIC
M0 TPaJUIUOHHON TEXHOJOTHMH (KOHTPOJIbHBIE 00pasmbl) M C HUcroib3oBaHueM JIBM
(ombiTHBIE 00pasusl). McecnenoBanue BiarocessbiBatomei criocoonoctu (BCC) obpasion
MsicHBIX (apiueii ¢ J[BM npoBeneHs! MeTo0M TpeccoBanust. KHHETHKY TeMIiepaTypsl pu
TepM00OpabOTKEe MSICHBIX PYOJIEHBIX MOTy(haOpUKaTOB M3 HATYpajJbHOTO M KOTJIETHOTO
(hapria, U3roTOBJIECHHBIX ¢ nMpuMeHeHneM [IBM, ¢ukcupoBaiu ¢ MOMOIIBIO BBEICHHOH B
U3JIeINe TepMOTaphl.

PesynbraTnl. Pa3spaGorana pecypcocOeperaromas texuosoruss J[BM Ha ocHoBe
BTOPUYHOT'O KOJAreHCOEPIKAIIEro ChIPbsi MSICHOW MPOMBIIIIEHHOCTH — CBHHOM IIKYpHIL.
JIBM 1enecooOpa3HO HCHONB30BaTh B KonudectBe 7,5% (B BUae MOPOIIKA) OT MacChl
MSICHOT'O CBIPbSl B IIPOU3BOJICTBE MSCHBIX PYOJIEHBIX M3AEIHH Ui 00OTalleHusl MPOIyKTa
OMOOpPraHUMYECKUMH COeMHEHUAMU Kanblms. JIBM Binsier Ha TEXHOJOIMYECKUE CBOMCTBA
MSICHBIX pyOJeHbIX moiydadpukaroB. BCC MscHbIx dapiueii nosimaercs Ha 10...19% npu
ycioBud no0aBiieHus B ux coctas 1...10% JIBM. Ilpu coxepxanuu n06aBok ot 1 qo 10%
npenensHas pasuuna BCC o0pa3ios ¢ JIBM u 00pa3IioB ¢ KOHTPOJIEM COCTAaBJISET OKOJIO
5%. Yeenuuenune BCC daprueii mpu modapnernu IbM min 100aBKU-KOHTPOJIS CBS3aHO C
BBICOKMMH TH/PATAllMOHHBIMH CBOIMCTBAMHM THIpPOJHM3aTa KOJUIareHa, a JIy4lIui
Biarocss3piBatomnii 3ddexr J[BM o0ycioieH B3aumozaeicTBHEM MHOMGUOPHUILISPHBIX
OENKOB MSICHOW TKaHM C COEJUHEHHSMHU Kanblus ao0aBKkH. VccrnemoBaHWe KHUHETHKH
TEMIIEpaTypbl HM3JENUA M3 HATYpaNbHOH pyOJNeHOH Macchl M KOTIETHOro (Qapma npu
TeIyIoBoH 00paboTke mokaszaid, uTo nobasienue 2,5...10% JIBM cokpamiaer Bpems
JIOCTHYKEHUSI COCTOSIHUSI KYJIMHAPHOW TOTOBHOCTH M3JICNIUSIMH M3 HaTypaJbHOrO (apiia Ha
2,8...11,5%, uzgenusMu M3 KOTJIETHOM Macchl Ha 5,5...17,5%, 4To mocTtmraercs 3a cCYeT
TIOBBILIEHHS BJIQXKHOCTU W TeMIlepaTyponpoBoaHocTi oopasioB u3 JJBM. JlokazaHo, uro
ucnons3oBanue 10% JIBM B cocraBe u3aenuii W3 HaTypajbHOTrO (aplua U KOTIETHOW
Macchl CIIOCOOCTBYET YBEIIMUEHHIO BBIXOJA TOTOBOM mponykuuu Ha 9,3 u 8,8%
COOTBETCTBEHHO.

BoiBonbl. [loOaBieHHe B COCTaB MSCHBIX PYOJICHBIX CHCTEM J00aBKH OEIKOBO-
MUHEpaJbHOH II03BOJIIET OOOraTUTh HUX YCBOSEMBIMH COCAMHEHUSIMH KaJIbIHS B
HEOOXOJMMOM KOJIMYECTBE, COKPATHTh HPOJODKHTENFHOCTh TEPMHUYECKOH 00paboTKH
noyadpuKaToB, PeryJupoBaTh BHIXOJ] TOTOBOT'O MPOIYKTA.

KiroueBble ciioBa: vsico, ghapu, karvyuil, 000a6Ka, 61a20C653bl86aHUE.

176 —— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 1



—— Abstracts ——

Hcnosb30BaHNe CIIATHIX BHI0OB KpaxMaJjia B TEXHOJOTHAX OUCKBHUTHBIX
noJjydadpukaron

Wpuna Crpunen, Upuna Kopernxas
Hayuonanvnwviii ynueepcumem nuwegvixmexuonoeutl, Kues, Yxpauna

BBenenue. C 1eIbl0 UCIONB30BAaHHUS CIIUTHIX BHAOB Kpaxmaja B TEXHOJOTHSX
OMCKBUTHBIX TONYy(haOpPUKATOB HAMHU OBUIM H3YydeHBbI UX ()YHKIIMOHATIHHO-TEXHOJIOTH-
YECKUE CBOMCTBA.

Martepuaabl 1 MeToAbI. [ MIPOGUIEHOCTS KPaXMaJIOB U3ydaiach C UCIONIb30BaHHUEM
HWHIUKATOPHO-pepaKTOMETpHYECKOro  Merona. KuHeTwka HaOyxaHHS — KpaxXMajoB
omnpeneNsiach IO SKCICPUMEHTATIBHBIM JIaHHBIM, KOTOPBIC XapaKTEPU3YIOT CTEICHb
HaOyxaHUs Kpaxmana depe3 kaxkmasie 0,5 muHyT. McciaemoBaHue COpPOIIMOHHBIX CBOMCTB
MIPOBOIWIIOCH HA BakyyMHOM YycrpoiictBe Mak-bena mnpu temmeparype 20 °C ¢
HCIONB30BAHUEM TPAJAUIIMOHHBIX METONOB. B KadecTBe afcopOTHBa HCIOIB30BAJICT
BOJISTHOM Tap.

PesynbraTel W o0cyxkmenue. V3yueHbl THAPOQIILHBIE UM COPOIMOHHBIC CBOICTBA
CIIUTHIX THIIOB Kpaxmaja: OKCHUIPOIMIMPOBAHHOrO aukpaxman ¢ocdarta (Microlys FH
02), anerwimpoBaHHoro aumkpaxman (ocdara (Swely Gel Soft), anerwmupoBaHHOTO
kpaxman amunata (Cold Swell 5771). Pe3ynabpraThl wHCCIEIOBaHUS IOIATBEPIKIAIOT
MOBBINIIEHHE THAPO(PUIBHEIX CBOMCTB B alleTWIMPOBAHHOIO W OKCHUIIPOIMIMPOBAHHOTO
KpaxMaJjoB, 3HAYEHHs KOTOPBIX B 2,5 - 4 pa3a MNpeBhINATH ITOKAa3aTeIH HATHBHOTO
Kkpaxmaia. HaOmromanoch yiydllleHHE CKOPOCTH HaOyxaHus, Oyaromaps HaJHYUI0
9JIACTHUYHBIX LIETCH B UCCICIYEMBIX Kpaxmaax.

[Ipu cpaBHEHHH U30TEPM JIECOPOIMH CIIEAYET OTMETUTD, YTO BO BCEX MPEICTABICHHBIX
00pasIax KoJNbIo TUCTePE3nca HEe 3aMBIKACTCS B Hadajie KOOPMHAT, YTO CBHACTEILCTBYET
0 HEITOJIHOM 00€3BOXKMBAaHMS Kpaxmajos. [locie mecopOiuu Bo BceX MOAUGHUIMPOBAHHBIX
KpaxMamax ocTaTtok BoOmbI cocTaBmser 0,025 cm’/r. V HATHBHOrO KpaxMmala 3TOT
IoKasaTeab HecKonbko Hike - 0,023 eM /T

BoiBoabl. CIOCOOHOCTh M3YYCHHBIX CIIUTHIX KPaxMajoB OBICTPO CBSI3BIBATH OOJIBIIIOE
KOJIMYECTBO BOABI OyAET HMETh IOJOKUTEIbHBIC Pe3ybTaThl IPH IMPOU3BOICTBE
OHMCKBUTHBIX MMONY(paOpUKATOB, ITOCKOJIBKY CIIOCOOCTBYET YMECHBIICHUIO BBICBIXAHHUS
MPOIYKTOB IPU XPaHEHHUH.

KiroueBble ciioBa: Ouckeum, kpaxmai, copoyus.

HOTepI/I TEeIJIOBOI JHEPIruM NMpPH BbINIEKAHUHA Baq)e.]'ll)l-ll)lX JIMCTOB U3 arJINTCHOBBIX
BUA0B MYKH

1 1 . 2 1
Bukropus lopoxosuu , Upuna Tapacenko , Cepreit IBanos”, Anexcanap Ma3ypeHko
1- Hayuonanvuwiii ynugepcumem nuujedvix mexuonoaui, 2. Kues, Yxpauna
2 - Uncmumym mexnuueckou mennogusuxu Hayuonanvnoii Axaoemuu nayk Yxpaumol

Beenenue. /[l BadbenbHBIX JTUCTOB U3 aIFOTCHOBBIX BHJIOB MYKH II€JIECOO0Pa3HO
BBUICHUTh MX TEIUIOEMKOCTh, TaK KaK OHA OMpENessieT 3aTpaThl SHEPIMU Ha BBINICKAHUE
H3JIETUMN.

Marepuanbl m MeToabl. VccimemnoBanuch oOpa3iisl BadelbHOTO TECTa HAa OCHOBE
arJIFOTCHOBBIX BHJIOB MYKH — PHCOBOM, KYKYpy3HOH WM TpeuHeBoi. [l mcciiemoBaHus
TEIUIOEMKOCTH OOpa3IlOB HCIIOJIB30BAJIACh YCTAHOBKA CHHXPOHHOIO TEIUIOBOIO aHAJIM3a,

—— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 1 177



—— Abstracts ——

KOTOpas MO3BOJIACT OIPEACINTDE 3aTpaThl SHEPIrUU MpHU (ba30130M NEPEXOAC «OKUAKOCTb-Ta3»
B IIpomecce€ CYHKU PpasHbIX BHIOB TMPOAYKTOB. B xauectBe MCTOAa HU3MEPCHUMA
HCIOJB30BAJICA METOJ MNOMIAroBOro CKaHHUpOBaHUA C HU3MCPCHUCM TCIIJIOCMKOCTH, IIpU
KOTOPOM H3MCHAIOT TEMIICPATYpPy o6pa3ua U U3MEPAIOT KOJIHMYCCTBO TCIJIOTBI Ha €TI0

Harpes.
Pe3yabTaTrsl m o0cyxaeHue. VccienoBaHue TEMIOEMKOCTH AarjlOTEHOBBIX BHUJOB
TeCTa — KYKYpY3HOTO, PHUCOBOTO M TPEYHEBOrO — IIOKA3aJI0 HAa COOTBETCTBYIOIIMX

pacyeTHBIX  KPHMBBIX  TEIUIOEMKOCTH  OKCTPEMYMBI, OTBEYAlON[MEe HAUOOJbIIEMY
TIOTJIOIICHHUIO TEIUIOBOH SHepruu. KpuBble pa3HBIX BUIIOB TecTa HAXOAATCS Ha Pa3HBIX
YPOBHSIX, 4YTO, OYEBUIHO, MOXHO OOBSICHUTH pPAa3IMYHON BIAXKHOCTBIO TecTa W3
arJIIOTEHOBBIX BUJIOB MYKH, KOTOpas BO3HHMKAeT BCJIEJCTBUE Pa3HOCTH MX XUMHYECKOTO
cocraBa. [Ipu 3TOM 3KCTpeMyMBbI Ha PUCOBOM U KYKYpy3HOH MYKE OYEHb ITOXOXH, a Ha
IPEYHEBOH MyKe — IIOYTH OTCYTCTBYIOT, UTO J€JaeT 3aTpaThl SHEPIHMU Ha €ro BbINEKaHHE
HaMMEHBLIUMHU.

HccnenoBanne BIMSHUS BCEX KOMIIOHEHTOB TECTa B ONTHUMAaJIbHOM JHMAIa3oHe
Harpesa 55-85°C 1moka3aso MoYTH MONHOE OTCYTCTBHE SKCTPEMYMOB TECTA M3 PA3IHUHBIX
BUJIOB MYKH, TpHYEM Koaryisnus Oellka TpPOUCXOJUT Ha OJHOM YypoBHE. TOoIbKO
J00aBJICHUE BOJBI JIAJI0 OXKHJIAeMbIe SKCTPEMYMBI M, COTJIACHO NPOBEICHHOMY aHAJIH3Y,
MOXHO CYHTaTh, YTO O3KCTPEMYMbI TOSBIISIIOTCS TPU TeMIeEparype KieHcTepu3anuu
KpaxMmajioB, KOTOpas NpOSBISIETCS B Pa3IMYHBIX IHMANla30HaX TeMIeparyp H3-3a HX
pa3M4HOrO cocraBa. B rpeuynniHoi Myke KieHcTepu3alds HauWMHAeTCs elle N0 Hayaia
Boimekanns mpu 25°C M3-32 BBICOKOMOJEKY/ISPHBIX COCTABIISIONINX, T03TOMY TECTO,
COOTBETCTBEHHO, MMEET HAaWUMEHbIEe BpEeMs BBHINEKaHUS. Y PHUCOBOTO M KYKypYy3HOTO
KpaxMaJioB KielcTepu3alusi HauuHaeTcs TpU 58°C u 64°C, B CBSI3M C 9THM OHH HMEIOT
temneparypsl kieiictepusammn 79°C u 80,5°C COOTBETCTBEHHO, KOTOPhIE COBNANAIOT C
SKCTpEMyMaMH Ha KPHBBIX TeIUIoeMKOCTH. [Ipu 3ToM Ui kieiicrepusanu KyKypy3HOU
MYKHd HEOOXOJHMMBIEC 3aTpaThl dHEPTWU OOINbIE, YeM Il KIeHcTeph3alud PUCOBOH H,
0CO0EHHO, rpednIHoN MykH. HanOomnbiiee BpeMsi BBINIEUYKH MMEET KyKypy3Hoe TecTo — 4
MUH. PHcoBoe TecTo BrIMenInBaeTcsi— 3 MUH, a TPEYHEBOE — 2 MUH.

BoiBoa. 3atpaThl dHepruu Ijs KielcTrepu3aluu Kpaxmaia, a, CleJoBaTeIbHO, U Ha
BBINEKaHUE U BPEMEHH Ha 3TO Y KyKypYy3HOr'0 TecTa — HauOOJIbINe, Y PUCOBOTO — CPEIAHUE,
y TPEYHEBOr0 — HAaMMeEHbIINE (BPeMsl BBINIEKaHHUs 10 2 MUH).

KnroueBsle cinoBa: yenuarus, 6agiu, epineuxa, suepeus.

ABTOMaTM3aLMA TEXHONIOrMYECKMUX NnpoLeccos

Cucrema ynpapieHust 11¢@y3MOHHBIM aNNAPATOM ¢ MATPUYHHUM PeryisiTopoM

Jmutpuit KponukoBckuit
Hayuonanvnwiti ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

Beenenue. Llens wccnenoBanust - moBblieHnE dPPEKTUBHOCTH ()YHKIIMOHUPOBAHHS
I y3HOHHOH YCTAaHOBKHM ITyTEM ONTHMHU3AIMK DPETYJUPOBAaHHUS TEMIlEpaTyp B 30HAX
anmapara.

Matepuanbl 1 MeToabl. [IJI1 CHCTEMHOrO aHalIM3a BAPUAHTOB YIPABJICHHS TEIIOBOU
4acThio Auddy3HOro anmapara UCIOIb30BaHA MaTeMaTHYECKas MOJENb MPe/ICTaBIeHHAs B
Bune aupdepeHnManbHbIX  ypaBHeHuil. Bcee kiaccuueckme (IMU/[I-anroput™m) u
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NpEeUIOKEHHBIE METOMABI  yhpaBlieHus AuG(Y3HbIM amnmaparoM CMOJACITHPOBAHBI B
nporpamme MatLab Simulink myTem npeoOpa3oBaHust 00BEKTa M PETYIIATOPA B MATPHYHBIN
BUJI Y CO3JIAaHUSI MOJIENTU YIIPABIICHUSL.

PesynbraTtel m o00cy:kaeHue. bnaromaps wuMmeromieiicss MaTeMaTHYecKOd Mogerne
yoajJoch BO3MOXXHBIM TIEPEBECTH YIpaBlieHHE B MaTpUuHbIA BuJ. B mpomecce
MOJICTTMPOBAHMSl  B3aUMOBIIMSIHUSL  TEMIIEPAaTyphl 110 30HaM YCTAHOBJEHO SIBHYIO
KOppEeJSINI0, KOTOpasi yMeHbIIaeT 3((QeKTHBHOCTh yNpaBIeHUs 3a CYET BO3IEHCTBUS
OIHOIO KOHTypa Ha apyrod. CmopenupoBaH BapuaHT perynmupoBanus c IIHJI-
PEryasITOpaMu, TIPH 3TOM BBISBJICHBI 3HAYUTENbHBIC TUHAMUYECKUE MTOTPEITHOCTH.

HccnenoBansl yTH pEIieHUs] TPOOIEMbl B3aUMOBJIHSHUS MEXIy TEeMIEpaTypaMu B
30Hax AU (y3MOHHOTO arapara IpH ynpaBiIeHHH 0e3 MCIOIb30BaHUSI HOBBIX YCTPOMCTB
(KOMITEHCATOPOB M T.J.), @ TOJBKO MPH M3MEHEHHH aNropuTMa yrpasieHus. OmHuUM U3
BapHaHTOB SBIISETCS UCIOJb30BaHHE MATPUYHOrO peryisropa. CMoIenupoBaH BapHaHT
NIpE/ICTaBlIeHUs] O00BEKTa, MATPUYHOTO peryiasTopa M CHCTEMBI aBTOMAaTHYECKOI'O
perynupoBaHusl B KOOpIWHATaxX cocrosHus. s aTtoro paspaboraHa CTpyKTypa, TIe
MaTpUYHBIA PEryJsTOp TONydYaeT Cpa3y YeThIpe BXOMHBIX CHTHaja W 3a CYeT 3HAHUs
MoJieTH O0BbEeKTa TNPOBOJUT BHYTPEHHIOW KOMIIEHCAIMIO, (OPMHUDPYS ONTUMAaJIbHOE
HCXOJIHOE JACHCTBUE HA BCE KIIATIAHBL

[IpoBeneH CpaBHUTENBHBIN aHAJIU3 HCIOIB30BAHHUS KIACCHYECKOrO YIPABICHHS
temmneparypoir ¢ ITUJI-perynstopaMud W MATPUIHBIM MHOTOMEPHBIM PETYIATOPOM.
[MokazaHo, YTO B3aMMOBJIHSHHE TEMIEpPAaTyp B 30HAX ammapara IpH YyIOpaBICHHU
3HAYUTEIBHO CHMXKaeT 3(pdexTrBHOCTh MU (PY3HOHHOTrO armapara, MOCKONbKY 3HaueHHe
JUHAMHYecKoW morpemHoctr jgocturaer 48%. Ilpu cpaBHeHMHM [IBYX II€PEXOIHBIX
MPOLIECCOB MOKA3aHO, YTO HCIOJNB30BAHUE MATPUYHOTO PETYIHPOBAHUS oOecrieunBacT
Jy4lIne KavyeCTBEHHBIE XapaKTEPUCTHKU pEryJUpOBaHUs, a WMEHHO: AMHAMUYEcKas
TIOTPENIHOCTh CHU)KAETCS! M HUBEIUPYETCSI BIMSHUE B COCEAHNX KaHalax YIIpaBJICHUsL.

BoiBoasbl. J{ns noBbieHus 3G eKTHBHOCTH Au((Y3HOHHOTO ammapaTa HEOOXOIUMO
W YMECTHO BHEJIPEHHE CHCTEM aBTOMATHU3AINK C MATPUYHBIM yIIPABICHUEM.

KiroueBble ciioBa: ynpasnenue, ouggysus, mampuya, ypasHerus, Mooelo.

Moneﬂnponanne CTPYKTYPbI CUCTEMBI NOAACPKKH MPUHATUS PCIICHUSA TIIPH
MJIAHUPOBAHUU U KOHTPOJI€ BBINIOJTHCHUA 10r0OBOPOB

Cepreii ['pubkoB, AuHa OJeHHUK
Hayuonanvnwiii ynusepcumem nuwjegvix mexnonozuti, Kues, Yxpaunwvi

BBenenue. AKTyaJbHOCTH TeMbl OOYCJIOBJEHA MOBBIIIEHHEM 3()(EKTUBHOCTH
YIIPaBJICHUS 33 CUET CO3JaHMS M MCIIOJIb30BAHUSI CUCTEM IOJICPIKKH MPUHSTUS PEellleHHUs
TIPY IJTAHUPOBAHUK M KOHTPOJIE BHITOJIHEHUS IOTOBOPOB.

Matepuanbl U Metonbl. lcronb3oBaHa METOHONIOTHS CTPYKTYPHOI'O aHalW3a |
NPOSKTUPOBAaHHUS  JJIsI  IMOCTpOeHHs  (YHKIMOHAJIHHOW  MOJENU  YIpaBIICHUS
MIPOU3BOJICTBEHHOM AESATEIBHOCTBIO C ILIENBI0 BBHIOOpPA CTPYKTYPBI CHCTEMBI MOAJIEPIKKH
TIPUHSATHS PELICHUH NPY IUTAHUPOBAHUU M KOHTPOJIE BHIIIOJIHEHHS JIOrOBOPOB.

Pesyabratbl. Co3qanHas QyHKIMOHATIBHAS MOJIENb YIPABICHUS MPOU3BOACTBEHHON
JIESITEIbHOCTBIO TPENPHUATHS 110 TPEIOCTaBICHUIO YCIYT TO3BOJNWIA BBIIBUTH OCOOCH-
HOCTH JTaHHOW JIESITeIbHOCTH, OCHOBHBIE ()YHKIIMU U MH(POPMALMOHHBIE TOTOKH, KOTOpPHIE
nx obOecrneunBaioT. Ha ocHOBe MONy4eHHOH B pe3ynbraTe aHaiu3a (yHKIMOHAILHOW
MoJIeH, HH(GOPMAIMHX OIpeielieHa CTPYKTYpa CHCTEMBI OAIEPIKKU IIPHHSATHS PEIICHHH.
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[IpemyioskeHsl  CIEAyIONIMe COCTABISAIOIINE KOMIIOHEHTBl CHUCTEMBI IOAJNEPKKU
MIPUHATHS PelleHUH NpU IUITAHUPOBAHMU M KOHTPOJIE BBHIIOIHEHUsS TOTOBOPOB: CPEACTBa
TOJTy4eHHus1, TpeoOpa3oBaHusl U 3arpy3Kd JTAaHHBIX, XPAHWIUIIE JaHHBIX, HHCTPYMEHTapHi
nonb3oBarend. CTpyKTypy XpaHWIHMILA JaHHBIX IIpeJiaraercsi CTpOUTh Ha OCHOBE
KOHLIENIIUM TUOPHIHOTO XPaHWIMIIA JAHHBIX, @ WMEHHO: HCIIONb30BaTh BHPTYaIbHOE
XpaHWINIIE JaHHBIX Ul KOHCONUIAIMUA WH(POPMAIMU CO BCEX BHENIHMX MCTOYHHUKOB, a
JUIST KaXJOM KOHKPETHOM 3aJaud UCIONh30BaTh TEMAaTHYECKHE BUTPHUHBI JTaHHBIX.
CTpYKTypy CHCTEMBI MOJJIEP)KKH TPHUHATHS PEUIeHU OOOCHOBAHO B COOTBETCTBHH C
XapaKTepPUCTUKAMH U MOTPEOHOCTSIMU JIESITEIBHOCTH O TPEIOCTABICHUIO YCIYT.

BeiBoabl. IlpeanoxeHHas CTpyKTypa CHUCTEMBl HOJAEPKKH HPUHATHA pELICHUN
COOTBETCTBYET OCOOCHHOCTSAM JIEATEIbHOCTH NPEANpUATHS B cdepe NperocTaBlICHUs
YCIIYT ¥ OXBAThIBA€T BCE MOTPEOHOCTH NP PELICHUH KITIOYEBBIX 337124 YIPABICHHSI.

KnroueBsle cioBa: yciyea, ynpasnenus, pewieHus, CmpyKmypa, Cucmemd.

Mpoueccbl 1 060pyaOBaHME NULLEBbIX NPOM3BOACTB

MeTtoauka onmpenesieHAs THAPABINYECKHAX MOTEPh MPH TeYEHHH CTeMeHHBIX
JKHIKOCTEH

Dnyapx benerkuii', Enena ITerpenko’, Jmutpuii CeMeHOK
1 — Xapvrosckuii mopeogo-sxonomuuecxutl uncmumym Kuesckoeo nayuonanviozo
MOP2080-IKOHOMULECKO20 YHUGepcumemad, Xapokos, Yxpauna
2 — Xapvkosckuil 20Cy0apCmeeHHblll YHUSEPCUMem NUManus u mopeoeéiu, Xapokos,
Yxpauna

Beenenue. IlpemiokeHa MeETOAMKA ONPEACICHUS TMIAPABINYECKHX IOTEPh IPH
TEUEHUH TEIUIOHOCHUTENEH, BSI3KOCTh KOTOPBIX 3aBHCHUT OT CKOPOCTH CIBHUra IO
CTENICHHOMY 3aKOHY, B TPYOOIPOBOJax M KaHajlax TEIIO0OMEHHBIX YCTPOMCTB IHIIEBOTO
000pyIOBaHUS.

Martepuaiabl U MeTOAbl. PacCMaTpUBAIKMCh CTEIECHHBIE JKUAKOCTH KaK YaCTHBIN
Cllydail KpEeMHMHOPTraHWYeCKHE >KUAKOCTH. METOMUKa OMNpeaeiieHus] THIPaBIMIECKUX
MOTEeph MOJNyYeHAa HAa OCHOBE METO/A AHANOTHMH, KOTOPBIN 3aKIIOYAcTCs B aHAIH3e
3aBHCHUMOCTH MECTHBIX CONPOTHBJIEHUM M CONMPOTHUBJIEHHH TPeHHs OT yuciaa PeiiHonbica
HBIOTOHOBCKOM  KHMIKOCTH, 3aMEHBl JEHCTBUTENLHOrO uucio PeiiHombaca  uis
HBIOTOHOBCKOM JKHIKOCTH Ha 4HCIIO PeliHONmbaca IS CTEMEHHOM XMIKOCTH W TaKUM
MoJydeHuss 0oO0pa3oM aHAJMTHYECKUX (OPMYI IS OMNPENEICHUS THIPaBIMYECKUX
CONPOTHUBIIEHUH IPU CY)KEHHU W DPACIIUPEHHH KaHajla W JUIA ONpPEIeeHUS MECTHBIX
COIPOTHUBIICHUH TPH TEYEHUH CTETICHHBIX KHUIKOCTEH.

Pe3yabrathl. 1)1 OCTPOEHHS BBIPAYKEHUI OITPEEICHUSI MECTHBIX COITPOTHUBIIEHHIMA
IPU TEYEHHWH CTEMEHHBIX JKHIKOCTEH B CTYMEHYATOM KaHalle U B IMOBOPOTE (KOTOpBIE
HanboJee pachHpoCTpaHEHbI B TEXHOIOTHYECKOM OOOPYIOBaHHH), MPOAHATH3UPOBAHO
MPOUCXOXKIEHUS TEUEHHs HBIOTOHOBCKOM JKHUAKOCTH B KaHalaX C aHaJOTHYHBIMH
THIPABINYECKUMHU  CONpOTUBIEHUAMH. C IOMOIIBIO METO[a AaHaJOTHi ITOCTPOEHBI
GOpMyBl JUIA ONMUCAHUS THAPABIUYECKUX COMPOTHBICHUN NPH CY)KEHHH KaHala M
pacupenuy KaHana. [lomydeHHble (OPMYJBI MPEACTABIEHB B BUIE CYMMBI BETHYHH,
CBSI3aHHBIE C YCKOPEHUEM MU C 3aMeJIIEHHEM, CY)KEHHEM HJIH PACIINPEHUEM U TIOBOPOTOM
moToka. Vcrmonp3ys NPUHIMAI aHAIOIMM, IS pa3sHBIX ClIydaeB dYHCaa PeiiHombaca
MOJTy4€eHbI (YOPMYITBI JUIS ONPEACIICHUS MECTHBIX COMPOTUBIIEHUI CTEIIEHHBIX JKUIKOCTEH.
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BoiBoabl. [TonydeHHbIE BHIPAKEHUS MOTYT OBITH MCIIONB30BAHBI [UIS ONPEICICHUS
KO3()(HUIIMEHTOB MECTHBIX COMPOTHUBJIEHUH MPU TEYCHUH CTEMEHHBIX JKUIKOCTEH,
PaBHOMEPHO MPHUTOAHBIE B IIMPOKOM JHANA30HE M3MEHEHHs dnciia PeiiHombaca, YTo JaeT
BO3MO)KHOCTH POBOAUTH KAYECTBEHHO HOBOE IMPOEKTHPOBAHHME TEXHOJIOIUYECKOTO
000pyIOBaHUS THINEBONW MPOMBIINUICHHOCTH B HAlPABJIEHHH CHIDKEHHUS YHEprosarpar u
MaTepUaTIOEMKOCTH.

KiroueBble coBa: meuenue, CMeneHHas — HCUOKOCMb,  mMpyOOnpoeoo,
2uopasiuyeckue nomepu, MoOeIUposanue.

Pacnipenenenue TeMnepartyp B siueiiKax: pacTBOp caxapo3bI-KpHCTAJLI caxapa-
pacTBOp caxapo3bl-yTdeb B 3aBUCHMOCTH 0T BPeMEHH YBAPHBAHUS CAXapHOr 0

yrens
Tapac Iloropensrit
Hayuonanvnwiii ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

Beenenue. HanbGonee sHeproeMKuM IpH IPOM3BOJICTBE caxapa SBJSIETCS IPOIECC
TIOJYYeHHs] KPUCTAIIMYECKONW caxapo3bl. [ ero ommcaHusi peann3oBaH IEPBBIA 3Tal
MaTeMaTU4eCKOH MOJIEIH MTPOIecca KPUCTALTU3AIMH CaXapo3bl.

Matepuanbl U MeToAbl. [[19 HECTAMOHAPHOW 3a]]a4ll TEMJIONPOBOJHOCTH HaWAEHO
pacripezieieHle TeMIepaTyp B YeThIpeX suelKaX: pacTBOp Caxapo3bI-KpHCTalUl caxapa-
pactBop caxapo3bl-yrellb B OJHOMEPHOM II0 KOOpIHMHATE Cllydyae B 3aBHCHMOCTH OT
BpEMEHM YBapHBaHHs CaxapHOro yT(ens Uil CIIydyaeB IIOCTOSHHBIX W TEPEMEHHBIX
TeII0(U3NUECKUX XapaKTEPUCTUK 00JIacTeil Ha OCHOBE METO/Ia KOHTPOJIBHOTO 00BheMa.

Pesyabratel W o6cyxaenue. [ gecsiTH 3HAUYEHHH OTHOCHTENBHOTO BpEMEHH
yBapuBaHus caxaphoro yrdens (t/t, = 0,15; 0,2; 0,3; 0,4; 0,5; 0,6; 0,7; 0,8; 0,9; 1,0) B
3aBUCUMOCTH OT BPEMEHH KOHTaKTa CHUCTEMBI sueeK ¢ HauyajdbHOM Temmepatypoit 75 °C c
TIOBEPXHOCThIO HArpeBaTeNbHOW TpyOku, Temrmepatypa koropod 100 °C, momydeHo
pacripezienieHle TeMIlepaTyp B KaXK[OH syeiike paccMaTpUBaeMOW CHCTEMBI: PacTBOD
caxapo3bl-KpUCTaJUl caxapa-pacTBOp caxapo3bl-yT(esb Ha OCHOBE PEUICHUS CHUCTEMBI
HECTAIMOHAPHBIX  NubGepeHIMaIbHBIX  YpaBHEHHWH B YAaCTHBIX  MPOH3BOIHBIX
napaboIMYeCcKOro THUIA CO CMEUIaHHBIMHM TPaHHMYHBIMU YCIIOBUSIMH (IIEPBOIO poAa - JUIs
JIEBOT'O Kpasi MepBOi 00J1aCTH MEKKPUCTAIBHOTO PacTBOpa, ¥ BTOPOrO Poja - IUIsl IPaBOro
Kpas mocneanel odnactu yrdens). HauanpHas Temmeparypa Beelt cuctemsl siueek — 75 °C.
Temneparypa MOBEpXHOCTH HarpeBaTeabHONH TpyOku coctoBisier 100 °C u mpu 3TOM
SIBIISIETCSI TIOCTOSTHHOM JUTSl BCeX 3HAYEHHWH T/T,, ¥ BCErO BPEMEHU KOHTAKTa CHCTEMBI slYeeK
B HarpeBaTeIbHON TPYOKeE.

Ipu /1, = 0,15 Ha BBIXOAE U3 HarpeBaTelIbHOU TPYOKM cpemHss (IO KOOpIMHATE)
TemmepaTypa IiepBoil  (JieBoil) suelikm coctaBisieT 99,54 °C mpu  MOCTOSIHHBIX
TEIUTOPU3NUECKUX XaPAKTEPUCTUKAX MO KaXI0i u3 sueek u 99,52 °C — mpu nmepeMeHHBIX
teriopusnueckux cpoiictBax. CpemHss TemIepaTypa KpHUCTallla caxapa COCTaBJIIET,
coorBercTBeHHO, 94,67°C u 94,32°C. Cpennsst TeMmiepaTypa NpaBod sSYeHKHU
MEXKPHUCTAJILHOTO PacTBOpa cocTaBisieT, coorBercTBeHHOo, 90,00 °C u 89,42 °C. Cpennsist
TeMIiepaTypa TMOCIEAHEeH sYelKh caxapHOro yTgens COCTaBIsET, COOTBETCTBEHHO,
76,45 °C n 76,34 °C.
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IIpu t/t,=0,15 Ha BBIXOIE U3 Tperomiedl TpyOku TemmepaTypa yTdeas ocTaeTcs
MIPAKTUYECKU HEU3MEHHOM IO CPaBHEHUIO ¢ HadajabHOM Ha paccrosHuu X = 0,0051 M ot
HarpeBaTeIbHON CTEHKH U K LIEHTPY TPYOKH.

BuiBon. Haiineno pacnpeneneHue TemrepaTyp B CUCTEME sSY€EK B HarpeBaTeNbHOW
TpyOKe B 3aBUCHMOCTH OT BPEMEHM KOHTAKTa W Ha BBIXOJIE U3 HEEe B 3aBHCHMOCTH OT
KOOD/IMHATHI.

KaroueBsle ciioBa: caxap, memnepamypa, pacmeop, Kpucmaii, ymgeno.

HUccaenoBanue B.ﬂaroynepmnnalomnﬁ CIIOCOOHOCTH CyXo0ro komMa

Haranbs WBamenko, Butanuii [llytiok,
Bragumup bonnaps, Anekcannp Psouyk
Hayuonanvnwiii ynueepcumem nuwegoix mexnonozuil, Kues, Yxpauna

Beryn. OnHuM M3 OCHOBHBIX MHTPEIMEHTOB KOpMa Ul KPYITHOIO POraToro CKoTa
JIOJDKEH CTaTh CYXOW KOM, IPOU3BOJICTBO KOTOPOTO SIBJISIETCS BAYKHOW 3a/1a4eH, yIUTHIBas
HEOOXOAUMOCTh TepepadOTKH IOOOYHBIX IPOMYKTOB CaxXapHOro IPOW3BOACTBA IPH
OTCYTCTBUH KPYITHBIX JXUBOTHOBOIYECKUX KOMILIEKCOB.

Matepuanbl u MeTobl. B KauecTBe MpoIyKTa UCIIOIb30BAIN CBEXKHI )KOM CaXxapHOU
CBEKJIBI B BUJIE€ IKCTparupoBaHHoi ceuku oT 50 MM 110 | MM ¢ Biarocozaepxanuem 76...80
%. ONbITBI TO CyNIKE KOHBEKTHBHBIM CIIOCOOOM OCYIIECTBIISUIM B CYLIMJIBHOM IIKady
DNG-9035A. Brnaroymep>xuBaroliyro ClioCOOHOCTb ONPEICIIsIN KaK COOTHOMICHHE MEXKIY
KOJIMYECTBOM BOJIBI, KOTOPOE Y/IEPKUBAIOT BOJIOKHA M KOTOPOE OCTAETCs B IPOOHPKE MOCIIe
LHEHTPUPYTUPOBAHUS, ¥ COOTBETCTBYIOIIUM KOJIUYECTBOM CYXHX BEIIECTB (TOYHOCTH £ 1 T
Bonel/T CB).

PesyabraThl u obcy:xkaeHue. B pesynbraTe aHanmm3a MpOBEICHHBIX 3KCIIEPUMEHTOB
YCTaHOBJIEHO, YTO JXOM, BBICYIIEHHBII HU3KOTEMIIEPAaTYypHBIM CIOCOOOM, HaOyXaer, B
OCHOBHOM, 3a mepBble 15...20 muH. 3a 3TO BpeMs pa3MauuBaHus KOI((PUIMEHT
BoccTaHoBJIeHUst cocraBisier B = 0,84...0,89. MakcumanbsHoe 3HaueHue koddduimenra
BoccTaHOBJIeHUs coctaisieT 0,93 3a 30 MuH A7 )kOMa, BBICYIIIEHHOI'O FOPSIYUM BO3AYXOM
¢ temmeparypoii 100 °C. IIpomoIKUTENBHOCTh HAOyXaHHS [UIS TPOMBIILICHHO
BBICYHIEHHOT O TPaHyJIMPOBAHHOTO )oMa cocTaBisieT 20 MUH, It pocChITHOro — 80 MUH.
3a 310 BpeMs pa3MmauuBaHHA mnpoxomuT B P = 0,69. MakcumaibHOE 3HAaYCHHUE
K03(dHUIMEHTa BOCCTAHOBJIEHHS TPaHYJIUPOBAHHOro jxoma cocramiser 0,76 3a 35 muH.
OpHako T1Ocie 3TOro, B pe3yibTaTe MEXaHHMYECKUX TIOBPEKACHHUA BO BpeMs
TpaHyJUpPOBaHMs, MPOAYKT MOJHOCTHIO TepsieT (OopMy U IMpeBpalaercs B KHIKOCTHO-
TIOPOIIKOBBIA KOHLEHTpAT. MakcuManbHOe 3HadeHHe Kod((HUIMEeHTa BOCCTAHOBIICHUS
pocceinHoro xoma cocrapiser 0,78 3a 105 muH. UpesmepHoe TemsoBas Harpyska Ha
eIUHHIly MaTepuaja BO BpeMs CYIIKM NPUBOJAMT K 3HAYUTEIBHOMY pa3pyLICHUIO
KalMJUIIPHO-TIOPUCTOW CTPYKTYPBI JKOMa M OOpa30BaHUIO KOPOYKM HA ITOBEPXHOCTH, B
pe3ynbTare 4ero NPOHHUKHOBEHWE BJard BHYTPh MaTepHana YCIOXKHSIETCS M JKUIKOCTh
B3aMMOJICHCTBYET C TBEP/IBIM CKEJIETOM JOBOJILHO MEIUIEHHO. Biara He nmpoHMKaeT BHYTpb
pa3pyLIEHHBIX KJIETOK M 3aIIONHSAET TOJIBKO OTKPHITHIE KalMILISIPHI U IOPBI MaTepHaa.

BuiBon. bonee paspymieHHass CTpyKTypa jKOMa CIIOCOOCTBYET BOCCTaHOBIICHHUIO
NepBOHAYANILHBIX CBOMCTB BCJIENCTBUE IOrVIoNIeHUs] Biard. OpHaKo CrnocoOHOCTh
TOTJIOMIATh BJIAry TOCJE CYIIKH SIBIISIETCS JIMIIb OJHUM W3 LEJOro psifa HeoOXOIUMBIX
YCIIOBHH, ONPEJIENSIONNX Ka4eCTBO KOHEUHOTO MPOYKTA.

KuaroueBble ci10Ba: caxap, cywka, s#com, enazoyoepicusanue.
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Size of the article 8 - 15 pages in Microsoft Word 2003 and earlier versions
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The structure of the article:
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Ukrainian Journal of Food Science nyOuikye opuriHaabHI HayKOBi CTaTTi, KOPOTKI
TOB1IOMJICHHSI, OTJISIZIOBI CTaTTi, HOBHHU Ta OTJISIIH JIITCPATYPH.

Temaruka nyonikaniii B Ukrainian Journal of Food Science:

XapuoBa iHKeHepis HanorexHosorii

XapyoBa xiMmist [pouecu Ta obsaHAHHS

Mixkpobiosnoris ExoHomika Ta yrpaBiiHHs

BrractuBOCTI Xap4OBHX MPOIYKTIB ABTOMaTH3AIlisI IPOLIECIB

SIkicTh Ta Oe3reka XapuoBUX MPOAYKTIB YnakoBKa Juisi Xap4OBHX MPOYKTIB
310poB'st

IepioguunicThb KypHaITy 2 HOMepH Ha Pik (YepPBEHb, IPY/ICHD).

PesyibpraT JOCHIKEHb, TPEJCTABICHI B JKypHasli, NOBHHHI OYTH HOBHUMH, MaTH
3BSI30K 3 Xap4OBOIO HAYKOI 1 IPEACTaBJSATH IHTEpEC Ul MIDKHAPOJHOTO HayKOBOT'O
CITIBTOBAPHCTRA.

Ukrainian Journal of Food Science BxiroueHo 10 HAyKOMETpUIHUX 0a3:
EBSCO (2013), Universal Impact Factor (2014), Google Scholar (2013), Index Copernicus
(2014), Directory of Open Access scholarly Resources (ROAD) (2014)

Ukrainian Journal of Food Science BxiroueHo y nepenik HaykoBuX (paxoBHX BHIaHb
VYkpainu 3 TeXHIYHHX HAYK, B SKOMY MOXYTb ITyONIKYBaTUCS PE3YNIbTaTH AUCEPTAI[IHHIX
pobiT Ha 3700yTTSI HAYKOBUX CTYIEHIB JOKTOpa i kanauaata Hayk (Hakxa3 MiHicrepcTBa
ocitu 1 Hayku Ykpainu Ne 793 Bin 04.07.2014)

Penensisi pykomucy crarri. HaykoBi crarti, mpencramBieHi s myOnmikaiii B
«Ukrainian Journal of Food Science» mnpoxomsTh «mojBiiiHe ciiilie perieH3yBaHHs»
(peleH3eHT He 3Ha€, YMIO CTATTIO PEleH3YE, i, BIIIOBIJHO, aBTOP HE 3HAE PEIICH3EHTA)
JIBOMa BUCHHUMH, TPU3HAYCHUMH DPEAAKIIHHOI KOJIETi€l0: OJMH € WICHOM pPEeIKOJIerii,
IHIIAH - HE3AJIC)KHUHN YICHUIA.

ABTOpCBHKe NMpaBo. ABTOPH CTaTeil rapaHTYIOTh, 1110 POOOTa HE € MOPYIICHHSIM OY/1b-
SIKUX ICHYIOUMX aBTOPCHKUX MPaB, 1 BIJIIKOAOBYIOTh BUIABIIIO OPYIIEHHS JaHOI TapaHTii.
OnyOmikoBaHi Matepiasu € npaBoBoto BiacHicTio Bumasiysl «Ukrainian Journal of Food
Sciencey, SIKIIIO HE Y3rO/KEHO THIIE.

IMoaitnka axamemiunoi etukm. Penmakiiis «Ukrainian Journal of Food Science»
KOPHUCTYEThCS TIPAaBUIAMH aKaJeMiYHOI €THKH, BUKIaJaeHUMH B mipari Miguel Roig (2003,
2006) "Avoiding plagiarism, self-plagiarism, and other questionable writing practices. A
guide to ethical writing”. Penmakmisi mpomoHye aBTOpaMm, peIEH3eHTaM 1 4YHhTadam
JOTPUMYBATHCS BUMOT, BUKIQJIECHHX Y IIbOMY IOCIOHHKY, 00 YHUKHYTH HOMHJIOK B
o(opMIIEHHI HAYKOBUX IIpallb.
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Ykpaina

Tersina [upor, 1-p. 6ion. Hayk, npod., Hayionanvnuii ynieepcumem xapuosux mexnonocii, Ykpaina
Ounexciit ['yGenst (BiqoBianbHUIA cekpeTap), KaHI. TeXH. HAyK, 1oL., Hayionanvhuil ynigepcumem
Xapuosux mexnonoei, Yxpaina.
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Instructions for Authors
Bumoru 10 opopMiieHHs cTaTel

Mosga cratTi — aHrJiiicbKa.

PexomennoBanuii obcsar crarri — 8-15 cropimok (s ormsagoBux crated — 20-30
cTopiHoK) popmary A4.

CraTTs BUKOHYETBCS B penakTopi Microsoft Word 2003 B dhopmari *.doc.

s Beix (1) enementiB crarti mpudt — Times New Roman, kerib — 14, inTepBan —
1, a63air — 1 cm.

CtpykTypa cTaTTi:

1. Ha3Ba cTaTTi.
2. ABtopu cratTi (iM’s Ta Ipi3BUILE NOBHICTIO, Mpukiay;: [lenuc O3epsiHKO).
3. Yemanoea, 6 sxiil suxonana poboma.
4. Awnoranis. PexomeHnoBaHMH 00csAr aHoTamii — IiB CTOpPIHKH. AHOTAIlisl ITOBUHHA
BiJIMIOBIIaTH CTPYKTYpi CTATTi Ta MicTUTU po3nainu Berym (2-3 psaaku), Marepianu i metoan
(o 5 psanxiB), PesynbraTu Ta 00roBopenHs (1B cropinku), BucHoBku (2-3 psakn).
5. Kirouosi cioBa, 3-5 ciiiB, ajie He cioBocmoiy4deHb ().

IIynkTu 1-5 BUKOHATH aHITiHCHKOI0, YKPATHCHKOIO TA POCiliCbKOI0 MOBAMH.
6. OcHOBHHII TEKCT cTaTTi. Mae BKITIIOYaTH Taki 000B’SI3KOBI PO3IiIH:
Beryn
Marepianu Ta MeTou
Pe3ysnbraTn T2 0OrOBOpEHHS
BucHoBku
e Jlireparypa.
3a HeoOXiqHOCTI MOXKHA JIOAABATH IHIII PO3/ILIK Ta PO30UBATH IX HA MiIPO3ALIH.
7. ABropceka posinka (IIpizBuie, iM’st Ta 0 OaTHKOBI, BUSHUH CTYIiHb Ta 3BaHHS, MiCIle
pobotH, eleKTpoHHa aapeca abo TenedoH).
8. KoHTakTHI JaHi aBTOpa, 10 SKOr0 32 HEOOXIAHOCTI Oy/ie 3BEpTaTUCh PENaKIIis KypHAITY
(TenedoH Ta eNEKTPOHHA ajapeca).

Po3mip TekcTy Ha pHCyHKax NMOBHHEH OyTH cHiBpO3MipHHM (!) OCHOBHOMY TEKCTY
crarTi. CKaHOBaHI PUCYHKH HE MTPUHMAaIOThCS.

®on rpadikis, miarpam — mumie Oinuid (). Koxip enmemeHTiB pucyHKY (JIiHii, CiTKa,
TEKCT) — JIUIIIC YOPHUM (HE Cipuii).

Opurinanu pucyHkiB (daiinu rpadiuHux penaxkTopiB), a Takox ¢aiiam ¢popmary
EXCEL 3 rpadixamu 000BsS3KOBO MOAAIOTHCS B OKpeMHX (aiinax.

dororpadii Ta KOIBOPOBi 300pakeHHs 0aXKaHO HE BUKOPUCTOBYBATH.

CkopoyeHi Ha3zBu (i3MYHMX BEJIMYMH B TEKCTI Ta Ha rpadikax I[03HAYAIOTHCS
JIATUHCHKUMH JIiTepaMH BiAmoBigHo 1o cucremu Cl.

B cniicky niteparypy OBHHHI IepeBaXKaTu CTAaTTi Ta MOHOTrpadil iHO3EMHUX aBTOPIB,
siki omyostikoBaHi micist 2000 poky.

JletanbHi iHCTPYKIIT U151 aBTOPIB PO3MIIlIEHI Ha CalTi

http://ukrfoodscience.ho.ua

CTaTTsl HAICWIAETHCSA 32 €JIEKTPOHHOIO aJIPeCcoIo:
ukrfoodscience@meta.ua
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OdopMIeHHs CNUCKY JliTepaTypu

IlocuiaHHA HA CTATTIO

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

CTOpPIHKH.

Bci exeMenTy micist poKy BUAAHHS PO3AUISIOTHECS KOMAMU.
Hpuxaagm:

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

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

IIpuxyiax ogopmiieHHS CTATTI, OPUTiHAJ AKOI YKPAIHCHKOI0 MOBOIO:

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

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

OYIHCKAX MOJICHA OAMU NEePeKIA) AH2IIUCbKOI0 MOBOIO }.

—

IHocni1aHHS HA KHUTY

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

Hpuxaagm:

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

2. Rob Steele (2004), Understanding and measuring the shelf-life of food, CRC Press.
IIpuxaax odopmiieHHs cTATTi, OPUriHAT SIKOI YKpaiHCBKOI0 a00 PpocilicbKO0I0

MOBOIO:

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

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

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

diialnosti pidpryiemstva, Novyi svit, Lviv.

3a bacicanns nicis mpanciimepoganoi HA36U KHUSU 6 {pieypHux OYHCKAX MONCHA

oamu nepexiad aH2iiticbko MOBOI0}.
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IMocunanHs HA eJIeKTPOHHUH pecypc.

BukoHyeTbCsl aHaIOTi4HO TTOCHIIAHHIO Ha KHUTY a00 crartio. [Ticis opopmieHHs
JTAaHUX Mo MyOIiKamilo MUIIyThCs cnoBa available at: Ta BkasyeThcst enekTpoHHa ajapeca.

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

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

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