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Introduction. The effect of the dietary fibre
concentrates, namely, wheat, cocoa and apple fibres on the
protein-proteinase and carbohydrate-amylase complexes of
wheat flour is studied.

Materials and methods. The study of the influence of
dietary fibres on the quality indicators of dough gluten was
conducted using conventional methods, and structural-and-
mechanical properties — with the help of alveograph,
amylograph and farinograph.

Results and discussion. The presence of fibre
promotes an increase of water-absorbing capacity and time
of the dough formation and reduce its stability. It is
established that fibre increases a degree of water binding by
the dough on average by 12.5-23.2%, due to the ability of
its polysaccharide complex to bind and retain water. The
results of the study on alveograph indicate that the
introduction of fibre in the amount of 15-25% by weight of
flour compared to the control increases the dough elasticity
by 1,2-2 times and reduces its extensibility by 1.3—3 times.
The necessity of the use of surface-active surfactants in the
technology of semi-finished biscuits to improve the quality
of the finished products is proved. It is determined that the
introduction of a mixture of the emulsifiers «Grindsted
Cake» with fibre into the dough increases its extensibility on
average by 2.6% and elasticity by 2.6—6.8%, which will
obviously have a positive impact on the quality of the
finished products.

Conclusion. Adding a mixture of the emulsifiers
«Grindsted Cake» leads to increased porosity, specific
volume and lifting coefficient of the finished products with
the addition of wheat fibre, apple fibre and cocoa fibre, thus
allowing to bring the quality indicators of the semi-finished
products to that of a control or surpass them.
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Introduction

Human health is determined by its nutritional status, which is a degree of providing the
body with required essential substances and energy. Health can only be preserved if there is
a full satisfaction of physiological needs of energy and food nutrients. Human diet should
meet modern concepts of nutrition science whose requirements should be considered when
developing the strategic development of the food industry [1].

Unfortunately, diet imbalance is growing in Ukraine with every year — deficiency in
proteins, vitamins, macro- and microelements and other biologically active substances,
which leads to the weakening of the immune system, increasing the number of chronic non-
communicable diseases. This indicates the need to develop food products of functional
purpose, which will consist of essential substances for the human body [2, 3].

Analysis of literature data and problem statement. Recently, scientists have been
paying great attention to the enrichment of the diet of the population with dietary fibres
(DF), which are a complex of biopolymers containing polysaccharides (cellulose,
hemicellulose, pectin) as well as lignin and its associated proteins that form the cell walls of
the plants. The structure of these substances and their intermolecular interactions determine
the properties of DF, including the ability to retain moisture, ion exchange, and other
properties, the behaviour in the technological and culinary processing, impact on quality of
food [4].

The deficit of DF in human nutrition is one of the main risk factors for various
diseases: dyskinesia of colon with constipation, irritable bowel syndrome, colon cancer and
rectal cancer, atherosclerosis, metabolic syndrome, obesity, type 2 diabetes, hemorrhoids,
varicose veins of lower extremities, etc. [5].

DF have a wide range of effects on the human body. They stimulate intestine peristalsis
and regulate its motor function; reduce the absorption of cholesterol and fatty acids; adsorb
intestinal toxic products, alien substances, carcinogens, radionuclides, and some proteins,
fats and carbohydrates; stimulate the processes of secretion of bile, prevent its absorption
and normalize the function of bile ducts; create a sense of satiety and reduce energy
consumption; form and increase stool, thinning intestine contents; promote the rapid
excretion of products of incomplete digestion of food substances (toxins); slow the rate of
absorption of glucose, which reduces the need for insulin; increase the sensitivity of tissue
receptors for insulin and tolerance to carbohydrates; positively affect the intestinal
microflora; accelerate the process of fat metabolism in the body [6, 7].

Deterioration of the environmental conditions and food quality require that scientists
and manufacturers develop new food products with functional properties. That is why the
enrichment of flour confectionery products (FCP) with DF is an urgent problem.

The research conducted previously established reasonability of the enrichment of FCP,
namely semi-finished biscuits and cakes, with the concentrates of DF — wheat fibre (WF),
apple fibre (AF) and cocoa fibre (CF) containing 65-95% DF. It was determined that
optimal dosage of the fibre to the mass of the top-grade flour is 20% that reflects a decrease
of organoleptic characteristics in case of dosage exceeding.

The purpose and objectives of research. The purpose of the research was to
determine the effect of the concentrates of DF — WF, AF and CF on the quality of gluten
and structural-and-mechanical properties of dough and finished products.

The objective of the work was to study the changes of the quality of gluten, protein-
proteinase and carbohydrate-amylase complexes of biscuit dough when adding DF to it and
determine their impact on structural-and-mechanical properties of the quality of the finished
product.

—— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 2 207



Food Technologies

Materials and methods

The objective of the research is concentrates of DF — wheat fibre, apple fibre and cocoa
fibre produced by Microstructure (Poland), which contain 65...95% of DF, and their impact
on the quality of the dough. Fiber was added to the mass of top-grade wheat flour in an
amount of 15, 20 and 25%.

The influence of DF on the quality of dough gluten was conducted by the conventional
methods [8]. Structural-and-mechanical properties of the dough quality were determined
with the help of alveograph, amylograph and farinograph [9].

The porosity of the finished products and specific volume were determined by the
scanned images made in the photo lab using Canon iR1210 copier at the highest contrast
and with further using the program Microsoft Excel [10]. The baking loss was measured by
the difference in mass of the dough piece before and after baking.

The coefficient of product lifting was determined by the ratio of the height of the
finished product to the height of the dough piece under conditions of pouring the dough of
equal weight to identical forms.

Results and discussion

The need to study the impact of fibre on the content and quality indicators of gluten is
caused by the peculiarities of its chemical composition, high degree of its dispersion. It is
possible that high dispersion of the product leads not only to changes in the quantitative and
qualitative content of its individual components, enzyme activity, degree of assimilation,
but also to changes of its influence on the dough biopolymers.

The technology of biscuit products permits the use of wheat flour with low gluten.
Otherwise, semi-finished products will have a small volume and low porosity. The impact
of WF, AF and CF on the quantity and quality of dough gluten is shown in Table 1.

Table 1
Fibre impact on the gluten quality indicators

Replacement| Wet Dry Gluten quality indicators
Dough o‘f dough gluten | gluten Extensibility,| Elasticity, Hydratalltlon
samples with fibre, | content,| content, capacity,
% % % cm FDM %
Control (top-grade wheat 28.5 9.9 19 81.6 188.5
flour)

Top-grade 15 26,7 9.4 17 66,9 184,1
wheat flour, 20 25,5 9,0 16 64,6 181,3
wheat fibre 25 24,2 8,8 13 62,8 176,8
Top-grade 15 25,3 8,6 16 69,9 183,1
wheat flour, 20 24,1 8,3 14 65,4 182,6
apple fibre 25 21,4 7,7 12 61,2 177,8
Top-grade 15 23,3 8,2 17 74,7 185,7
wheat flour, 20 21,8 7,9 16 73,5 184,3
cocoa fibre 25 19,9 7,1 12 70,8 180,1

208 —— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 2




Food Technologies

The obtained data show (Table 1) that adding fibre results reduces the number of wet
and dry gluten. Thus, when replacing 20% wheat flour with fibre, the content of wet gluten
reduces to 10.5% for WF, 15.4% for AF and 23.5% for CF and dry gluten to — 9.0%, 16.2%
and 20.2% respectively compared to the control.

With increasing dosage of fibre in the test range, gluten strengthening happens. It
becomes more elastic and has lower extensibility. Strengthening effect of the concentrates
is connected with high hydrophilic constituents of their polysaccharide complexes that have
a significant dehydrating impact on the dough biopolymers. It is evidenced by the reduction
in hydration capacity of dough gluten with the raw material, namely 2.3-6.2% when added
WF, 2.8-5.6% with the addition of AF and 1.4-4.5% when added CF compared to
hydration of gluten washed from the dough without it.

It should be noted that the formation of the strong fibrinous frame might cause the
excessive compaction of the dough structure through the considerable resistance of elastic
gluten to the expansion of the air bubbles due to temperature rise while baking and getting
not enough loosened crumb of the baked semi-finished biscuits and reduce their volume
and porosity [4].

A series of measurements with the help of farinograph was done to establish the impact
of fibre on the elastic properties of the dough (Table 2). While kneading, water was added
in the amount necessary to achieve the level of consistency of the dough 500 units of the
device. The dough was kneaded for 15 minutes.

Table 2
Indicator values of the dough elastic properties using farinograph
Indicator Values
Dough Replacement T : Water
samples | , °F dough me o1 | Stability, | Dilution, | Elasticity, atel
into fibre, % | formation, | =, o units units absorbing
min. ability, %
Control (top-grade wheat 2,0 1,0 80,0 52,0 56,0
flour)
Top-grade 15 2,0 0,5 100,0 44,0 63,0
wheat flour, 20 2,5 0,5 110,0 42,0 66,0
wheat fibre 25 3,0 0,5 120,0 39,0 69,0
Top-grade 15 1,0 0,0 90,0 48,0 59,0
wheat flour, 20 1,5 0,0 100,0 45,0 63,0
apple fibre 25 2,0 0,0 110,0 43,0 65,0
Top-grade 15 1,5 0,0 80,0 46,0 57,0
wheat flour, 20 2,0 0,0 90,0 45,0 60,0
cocoa fibre 25 2,0 0,0 100,0 43,0 63,0

A result of research (Table 2) established that fibre increases the degree of water
binding by the dough on average by 12.5-23.2%, due to the ability of the polysaccharide
complex of DF to bind and retain water, creating a competition for the major biopolymers
of the dough, especially for gluten proteins and starch in the absorption of water. Intensive
water binding by fibre reduces the moisture in the dough proteins and quantity of gluten,
which is obviously associated with more severe dehydrating effect on it, but at the same
time the fibre does not provide dough with appropriate elastic properties, which would do
necessary physical resistance to the working body of farinograph.
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It should be noted that the introduction of the investigated concentrates leads to
hardening of the dough compared to the control sample by 11.5-17.3% for CF and 7.7—
17.3% for AF. The most noticeable decrease of this indicator is typical for the dough with
WF, namely by 15.4-25%. The loss of elasticity of the dough is apparently associated with
the reduced proportion of gluten in the dough and a significant dehydrating impact of fibre
on gluten proteins. The lack of a well-formed elastic fibrinous frame leads to the loss of
elasticity, which correlates with data on the quality of gluten [5].

Confirmation of the results is the definition of structural-and-mechanical properties of
the dough with fibre on alveograph, which showed that when adding the studied material in
an amount of 15-25% to the weight of flour, the dough loses its elasticity and acquires
plasticity.

Rheological properties of the dough depend largely on the state of the protein-
proteinase complex of flour and define the quality indicators of the flour confectionery
products. Proteins of wheat flour can form resilient hydrated gel, which significantly affects
the structural-and-mechanical properties of the dough. The following quality indicators of
the dough were determined on alveograph: elasticity (P, mm) that corresponds to elastic
deformation of the dough; extensibility (L, mm) that is a maximum volume of the air that
can keep the dough bubbles; amount of energy spent on inflating a bubble until its break or
deformation work (W, 10 I); and ratio of P/ L (Table 3).

Table 3
Alveograph indicators of the biscuit dough
The replace- . .
Dough mentof | Elasticity lﬁl’ig“(i) Ratio lv)vifr"l: “(‘;2‘3;‘
samples dough into (P), units mm > | of P/L s trengt,h) J-107
fibre, %

Control (top-grade wheat 83 84 0,99 203
flour)
Top-grade 15 138 44 3,13 273
wheat flour, 20 149 34 4,38 287
wheat fibre 25 166 27 6,14 302
Top-grade 15 124 69 1,79 251
wheat flour, 20 138 56 2,46 260
apple fibre 25 153 47 3,25 286
Top-grade 15 89 79 1,12 228
wheat flour, 20 94 67 1,40 234
cocoa fibre 25 115 55 2,09 239

The obtained data (Table 3) indicate that the introduction of fibre in an amount of 15—
25% by flour weight compared with the control increases the elasticity of the dough by 1,2—
2 times and reduces the extensibility by 1.3—3 times. The extensibility decreases mostly
when adding WF, namely by 45.6-65.8%. The received data can be explained by a high
content of polysaccharides in the fibre, which does not allow to form elastic fibrinous frame
and increase the viscosity of the dough, which increases its resistance when stretching on
the alveograph table, that is fixed obviously by a device as a growth of elasticity P. As
evidence of this it can be observed a growth of deformation work W, which is spent on
stretching the samples of the dough and characterizes the strength of the flour.
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The ratio of P/L, which characterizes a balance between indicators of the physical
properties of the dough, rises. This is because the elastic properties of the dough decrease at
a slower pace than extensibility.

Previous studies and analysis of the chemical composition of the DF concentrates
indicate that it contains biologically active substances, among which the most important
place is occupied by pectin, fibre, vitamins and minerals. Considering the difference
between the chemical composition of the studied material, it is appropriate to examine its
impact on the gelatinization of the starch of the wheat flour. The data are shown in Table 4.

The study of the process of the starch gelatinization was carried out using Brabender
amylograph. The device in a graphic form registered changes of the viscosity of water-flour
suspension at a constant temperature rise characterizing the changes of the starch because
of its gelatinization with the presence of the flour enzymes [6].

Table 4
Gelatinization process indicators of the control sample (C) and samples
with added 15, 20 and 25% by flour weight

Amount of fibre, %

Wheat fibre (WF) Apple fibre (AF) Cocoa fibre (CF)

C 15 12025 ] C 15 120 |25 | C 15 | 20 | 25

Temperature
of the
beginning of
gelatinization

52 | 44 | 42 | 40 | 52 | 46 | 44,5 | 42 | 52 | 48 | 46 | 43

Maximal

. . 265 | 280 | 290 | 300 | 265 | 265 | 275 | 280 | 265 | 270 | 280 | 290
Viscosity

* C — control sample

Table 4 shows that with the introduction of fibre in an amount of 15-25% by weight of
flour, the initial temperature of gelatinization reduces on average by 7.6-23.2%. It should
be noted that the change in temperature of the starch gelatinization is an important indicator
that characterizes the process of its retrogradation. It is known that the lower the
temperature of the starch gelatinization is, the slower the flour products firm. This suggests
that the products from the biscuit dough with the addition of the studied concentrates will
maintain freshness longer during storage [11].

The results show that the introduction of fibre affects the viscosity of the starch paste.
The addition of fibre to the wheat flour in an amount of 15-25% of its weight contributes to
the viscosity of the suspension by 1.1-13.2% respectively. This is because firstly, fibre
contains a large amount of the polysaccharides that can bind water and thicken a system,
increasing its viscosity. Secondly, they contain a significant amount of organic acids and
polyphenolic compounds, which contributes to the inactivation of the amylase and,
consequently, a smaller dilution of water-flour suspension when heated [12].

Data analysis suggests that the introduction of the indicated fibres in an amount of 15
to 25% by weight of top-grade flour reduces the quantity of the washed raw, and dry gluten.
Thus, extensibility reduces and accordingly elasticity and hydratation capacity. As shown in
Table 1-3, the introduction of wheat fibre strengthens gluten, which is a negative factor in
relation to the biscuit dough, so it is appropriate to provide the introduction of surface-
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active surfactants (SAS) that will weaken it and thus contribute to obtain finished products
with greater porosity and specific volume.

SAS — chemical compounds, concentrating on the interface, causing reduction of the
surface tension. One of the most common surfactants, which gained recognition in the
technology of flour confectionery products is non-ionic. They are usually compatible with
other classes of surfactants, are added to the raw materials in small quantities and are
relatively inexpensive. Non-ionic surfactants enable mostly to form an even thin-walled
structure of the crumb of FCP that is able to be fresh for a long time and create a relaxative
effect on gluten of the dough.

It is suggested to use non-ionic surfactants in the capacity of SAS for the semi-finished
biscuits — a mixture of the emulsifiers «Grindsted Cake» produced by Danisco (Denmark)
[11] consisting of propylene glycol ester and fatty acids (E 477), mono- and diglycerides of
fatty acids (E 471), lactic acid sodium stearate (E 481).

The next stage of the research was to determine an effect of fibre in an amount of 20%
(optimal dosage) by weight of flour with the addition of a mixture of the emulsifiers
«Grindsted Cake» on the quality of gluten of top-grade wheat flour (Table 5).

Table 5
Emulsifiers «Grindsted Cake» effect on the fibre quality indicators
Dough samples Extensibility, cm Elasticity, FDM
Top-grade wheat flour 19,0 81,6
Top-grade wheat flour, wheat fibre — 20% 16,0 64,6

Top-grade wheat flour, wheat fibre — 20%

+ «Grindsted Cake» 19,5 83,7
Top-grade wheat flour, apple fibre — 20% 14,0 65,4
Top-grade wheat flour, apple fibre — 20% 19.0 85.8
+ «Grindsted Cake» ’ ’

Top-grade wheat flour, cocoa fibre — 20% 16,0 73,5
Top-grade wheat flour, cocoa fibre — 20% 19,5 87.2

+ «Grindsted Cake»

Table 5 shows that the introduced emulsifier allows to reduce gluten, improve its
extensibility on average by 2.6% and elasticity by 2.6—6.8%. Therefore, it can be predicted
that the finished products with the addition of «Grindsted Cake» will have larger volume,
better porosity and structure [13].

Baking tests were carried out to determine the effect of fibre on the quality indicators
of the finished semi-finished biscuits and their quality indicators were determined, in
particular — the specific volume, porosity, lifting coefficient and baking loss (Table 6).

Table 6 shows that the addition of fibre degrades the quality of the baked semi-finished
products by all indicators except baking loss whose value is decreased with increasing
dosage of fibre, apparently due to its high water-absorbing and water-retaining ability.

Porosity of the semi-finished biscuits with the introduction of fibre compared to the
control sample is lower by 2.3-9.6% for WF, 1.4-6.6% for AF and 0.5-1.8% for CF
respectively. Specific volume and lifting coefficient also deteriorate, which can be
explained by high ability of fibre to absorb and retain water and thereby create a
competition for other dough biopolymers.
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Table 6
Quality indicators of the semi-finished biscuits with added fibre
Dough The replace- Specific . Lifting Baking
samples r{lent of dough Vollgme Porosity,% - coefﬁ-‘ loss. %
into fibre, % cm’/g cient, units i

Control 2,46 68,8 1,83 9,9
Top-grade 15 2,39 67,2 1,70 8,4
wheat flour, 20 2,35 65,5 1,65 7,3
wheat fibre 25 2,28 62,1 1,59 6,9
Top-grade 15 2,44 67,8 1,76 9,0
wheat flour, 20 2,40 66,4 1,72 8,2
apple fibre 25 2,36 64,2 1,66 7,7
Top-grade 15 2,45 68,4 1,80 9,2
wheat flour, 20 2,44 68,1 1,79 8,6
cocoa fibre 25 2,42 67,5 1,74 9,0

Since the previous studies determined that CF has the least water-absorbing ability, the
finished products when added it have structural-and-mechanical indicators of the quality
that are close to the control sample.

Based on the obtained data above about weakening gluten of wheat flour when adding
the emulsifier «Grindsted Cake» (Table 5), it was decided to determine its impact on the
quality of the finished semi-finished biscuit with the addition of the DF concentrates (Table

7).
Table 7
Quality indicators of the semi-finished biscuits with added fibre and a mixture of the emulsifiers
«Grindsted Cake»
The
replacement | Specific Lifting Bakin
Samples of dough volume | Porosity,% | coefficient, ! o g
. 3 . oss, %
into fibre, cm’/g units
%
Control 2,46 68,8 1,83 9,9
15 2,44 68,4 1,81 8,4
;%%ﬁrﬁife‘”heat flour, 20 2,41 68.0 1,78 73
25 2,36 67,2 1,71 6,9
15 2,58 70,1 1,86 9,0
:Opl' egrfjfrzwmat flour, 20 2,52 69,5 1,84 8,2
PP 25 2,44 68.2 1,81 7.1
15 2,62 72,3 1,89 9,2
ng&frggfewmat flour, 20 2,59 70,7 1,85 8.6
25 2,49 69,4 1,83 9,0

It can be concluded from Table 7 that adding a mixture of the emulsifiers «Grindsted

—— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 2

213




Food Technologies

Cake» leads to increased porosity, specific volume and lifting coefficient of the finished
product with the addition of WF, AF, and CF, thus, allowing to bring the quality indicators
of the semi-finished biscuits to that of a control, or surpass them. In particular, for the
samples with the replacement of flour with AF and CF in the amount of 20% a specific
volume of the finished products increased by 2.4% and 5.2%, porosity by 1.0% and 2.8%,
and lifting coefficient by 0.5% and 1% respectively compared with the control.

The studied quality indicators approach the controls for the sample with the
introduction of WF. Thus, the specific volume is lower by 0.8—4.0%, porosity — 0.6-2.3%,
and lifting coefficient — 1-2.7% respectively.

Therefore, it can be concluded that in order to improve the quality of the semi-finished
biscuits with added fibre it is appropriate to introduce the emulsifier «Grindsted Cake».

Conclusion

Thus, adding 15-25% fibre to the weight of flour reduces the amount of wet gluten by
10.5% for WEF, 15.4% for AF and 23.5% for CF and dry gluten respectively by 9.0%,
16.2%, and 20.2%. There is a strengthening effect of fibre on the fibrinous frame, which
can be associated with high hydrophilic constituents of their polysaccharide complexes that
have a significant dehydrating impact on the dough biopolymers.

It is researched that the presence of fibre promotes water absorption ability and
formation time of the dough and reduces its stability. It is found that fibre increases the
degree of water binding by the dough on average by 12.5-23.2%, due to the ability of
polysaccharide complex to bind and retain water. It should be noted that the introduction of
the investigated concentrates leads to hardening of the dough by 1.7-23.2% compared to
the control sample. The most noticeable decrease of this indicator is typical for the dough
with WF.

The results of the study on alveograph indicate that the introduction of fibre in the
amount of 15-25% of flour weight compared with the control increases the dough elasticity
by 1,2-2 and reduces the extensibility by 1.3—3 times. The obtained data can be explained
by a high content of the polysaccharides in the raw materials, which do not allow to form
the elastic fibrinous frame and increase the viscosity of the dough.

It is found that initial temperature for gelatinization of the water-flour mixture with
added fibre reduces on average by 7.6-23.2%. The study material affects the viscosity of
the starch paste and contributes to its increase by 1.1-13.2%, which can be explained by a
large number of polysaccharides in its structure that can bind water and thicken the system
increasing its viscosity.

It is determined that the introduction of fibre together with a mixture of emulsifiers
«Grindsted Cake» to the dough increases its extensibility on average by 2.6% and elasticity
by 2.6-6.8%, which will obviously have a positive impact on the quality of finished
products.

The obtained data allows to assert that structural-and-mechanical indicators of the
quality of semi-finished biscuits with the introduction of dietary fibre concentrates
compared with the control reduce, in particular, the porosity by 2.3-9.6% for WF, 1.4% ...
6.6 for AF and by 0.5-1.8% for CF respectively. Adding a mixture of the emulsifiers
«Grindsted Cake» leads to increased porosity, specific volume and lifting coefficient of the
finished products with the addition of WF, AF, and CF, thus allowing to bring the quality
indicators of the semi-finished products to that of a control or surpass them.
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Introduction. This article aims to compare the
proximate, nutritional value, microbiological load and
acrylamide content of Tabat and Feterita flour and their-
based fermented foods (Kisra, hulu-mur and abreh).

Materials and methods. Two sorghum varieties
(Tabat, and Feterita) were stone milled into fine flour.
Kisra, Hulu-mur and Abreh batters were prepared
according to the traditional way employed in Sudanese
household. The fermented batters, were baked. Sajj or
doka an iron plate 60x40 cm was used for baking. The
AOAC method was followed to investigate proximate
analysis, carbohydrate, mineral and amino acid content.
While acrylamide was determined by a GC-MS.

Results and discussion. A significant (P<0.05)
difference in the composition of the flours and the
fermented foods was observed. During Kisra
preparation, a significant decrease in fiber, oil and
carbohydrate contents was observed. Germination
followed by fermentation during processing of kisra and
hulu-mur batter lead to a significant (P< 0.05) decline in
fiber, oil and carbohydrate contents. Glutamic, aspartic,
leucine and proline represented the highest values
among the whole amino acids of Tabat and Feterita and
their-based foods (kisra, hulu-mur), whereas cysteine
and methionine were the least ones. There was a
significant difference (P<0.05) in total lactic acid
bacteria count of different batters. Acrylamide was
detected in two samples only.

Conclusion. Kisra, abreh and hulu-mur products
were found to have appreciable nutritional quality.
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Introduction

Sorghum bicolor (family Poaceae), represents the most important staple food for 40%
of Sudan's population with a remarkable degree of rural consumption. The mechanized
rain-fed sorghum is the more contributing production wise. It accounts for more than 60%
of sorghum total production in Sudan [1]. Sorghum is insufficient in lysine, threonine, and
tryptophan, and rich in leucine, proline and glutamic acid. Both fermentation and
germination affected sorghum proteins, but with different mechanisms. Germination
resulted in the significant breakdown of sorghum starch. Fermented sorghum flour gave
rice pasta with improved cooking properties [2]. In many parts of Sudan, people consume
whole grain sorghum as fermented flat bread (Kisra), thick porridge (Aceda), thin
fermented gruel (Nasha), boiled grain (Balela) and beverages like Abreh and Hulu-mur [3].

Acrylamide or 2-propenamide is a chemical compound, that can be created at abnormal
states in high-carbohydrate heat-treated foods.  Elements influencing acrylamide
composition and degradation in foods are acrylamide precursors for example free amino
acids (mainly asparagine), reducing sugars and preparing conditions (i.e. baking time and
temperature, moisture content and framework of the item) [4]. This study aims to compare
between three Sudanese sorghum-based fermented foods (kisra, hulu-mur and abreh) for
their proximate composition, nutritional value, microbiological load and acrylamide content

Materials and methods

Sample collection. Two sorghum varieties, named in Sudan as Tabat, and Feterita
were collected from the grain market in Khartoum North, Sudan, and were stone milled into
fine flour. The flour was stored at 25°C until used.

Preparation and baking of sorghum Kkisra batter. Sorghum kisra batter
fermentation and baking were carried out in a conventional way following Mahgoub et al.
[3]. A natural fermentation was done by microorganisms found in the previously
fermented batter. The fermented batter, (known as Ajin is thin to behave like a liquid).
Samples were calculated in triplicate.

Hulu-mur dough preparation and baking procedures. Hulu-mur dough was
prepared following the conventional way utilized in Sudanese household [5]. The dough
was kept in a refrigerator at 4°C for chemical analysis. Sajj or doka an iron plate 60x40
cm was used for baking of hulu-mur.

Abreh batter preparation and baking. Abreh batter was prepared according to the
traditional way employed in Sudanese household. The process of baking the fermented
batter is done following Mahgoub et al. [3].

Proximate analysis. Moisture, ash, lipid, and crude fiber contents were investigated
following the AOAC method [6]. The carbohydrate percentage was calculated by
difference. All analyses were carried out in triplicate.

Carbohydrates and mineral content procedure. Soluble carbohydrates from 4
grams of every flour and processed samples were separated with S0mL of 80% ethanol at
60°C for 30 min. Separation and quantization were carried out on bonded column with a
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versatile stage of CH;CN and water (80:20 V: V). The AOAC method [6] was utilized to
determine minerals. All analyses were carried out in triplicate.

Determination of amino acids. Amino acids were analyzed following AOAC [6]
procedures and separated using Amino Acids Analyzer (Beckman Coulter, Mannheim,
Germany). The chemical score was calculated, following Stipanuk & Caudill [7]. All
analyses were performed in triplicate.

Acrylamide determination. Acrylamide was determined by a GC-MS method in the
EI mode after extraction of acrylamide from the food material. The quantification was
carried out by ions with masses 71 and 74. The separation was completed with a DB-23
capillary column (J&W Scientific Products GmbH, Kd6ln, Germany) (30 m x 0.25 mm i.d.,
0.25 mm film thickness). The carrier gas was helium at a stream rate of 1.0 mL/min. The
column temperature was at first kept at 80 °C for 2 min and afterward expanded from 80
°C-220 °C at 10° /min. The acrylamide limit of determination was <10 pg/kg in all food
materials tested [8-9].

Microbial analysis and total viable count of bacteria. The Plate Count Agar (PCA)
was incubated at 37°C for 48 h. The inoculation was spread all over the plate using sterile
bent glass rod (L) shape. The plate was incubated at 37°C for 2-3 days (48-72 h) [10]. In
all cases, the bacterial, yeast and mold counts were converted into log CFU g before
analysis. All tests were carried out three times.

Statistical analysis. Representative random samples were drawn for analysis. One-
factor Complete Randomize Design (CRD) was performed. Data were analyzed using the
Analysis of Variance (ANOVA). Duncan’s multiple range test (DMR) was used to separate
means. Significance was accepted at P < 0.05 using a statistical program (SPSS version 20).
Three replicates were carried out for each determination [11].

Results and discussion
Proximate composition

Table (1) shows the proximate composition of dry matter, ash, fiber, protein, oil and
carbohydrate of Tabat, and Feterita sorghum cultivars flour and their-based foods on a dry
basis. The dry matter of Tabat, and Feterita sorghum cultivars flour was assessed as 96.17
%, and 97.19%, respectively. No significant (p>0. 05) change was found in the dry matter
between Tabat and Feterita flours. Ash content of Tabat flour was found to be 0.89%,
which was significantly (p<0. 05) lower than that of Feterita flour (1.0%). Toum [12]
reported very high (2.38%) ash content of Tabat flour. Dietary fiber is all parts of a plant
we eat that contain carbohydrates that are resistant to digestion and absorption in the human
digestive system. The fiber content of Tabat sorghum cultivar flour was detected at 0.96%,
which was significantly (p<0. 05) lower than that of Feterita flour (8.03%). Awadelkareem,
et al. [13] recorded lower fiber content of Feterita at 2.1 and 2.02%, respectively. Toum
[12] reported very high fiber content (2.86%) for Tabat flour may be due to climatic or
location differences.

The protein content of Tabat flour was found to be 12.24%, which was significantly
(p=<0. 05) lower than that of Feterita flour (13.10%). The results obtained were similar to
that reported by Awadelkareem, et al."> who recorded 13.4%. While Toum [12] reported
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9.75% for Tabat crude protein. The oil content of Tabat flour (3.1%) was approximately
similar to that of Feterita flour (3.12%). Toum [12] reported 2.8% as oil content for Tabat
cultivar. The carbohydrate content of Tabat flour was found to be (78.99%) (Table 1)
which was significantly (p<0.05) higher than that of Feterita flour (72.36%). Toum [12]
reported lower carbohydrate content (74.9%) for Tabat cultivar. While Awadelkareem et al.
[13]reported 72.4% as the carbohydrate content for Feterita.

Table 1
Proximate composition of Tabat, and Feterita sorghum cultivars flour and their-based foods
on dry basis*

[

w [ ‘;

35 | £ . = 5

ZES g Z 2 2 5 z

| <~ = = e

&~ o)
T 96.17 £ (0.45)* | 0.89£(0.01)* | 0.96+(0.03)* | 12.24+(0.06)* | 3.10+(0.61)" | 78.99 =+ (0.62)"
TB 1574 +(0.43)° | 2.32+(0.13)° | 1.93+(0.17)° | 11.59+(0.09)* | 5.82+(1.73)° | 67.29 £ (1.71)°
TK 49.94 +(0.16)° | 2.82+(0.04)° | 2.45+(0.29)° | 14.47+(0.21)° | 2.06 + (0.60)° | 72.37 + (0.48)°
THBS | 23.70 £(0.34)* | 2.39+(0.09) | 3.01£(0.16)* | 10.78 £(0.07)* | 3.23+(1.16)" | 69.37 £(1.15)"
THAS | 25.69 +(0.40)° | 1.82+(0.07)° | 1.75+(0.14)° | 10.51 +(0.16)° | 3.96 +(0.45)° | 70.90 + (0.53)°
TH 93.85+ (0.05)" | 2.30+(0.04)" | 2.93+(0.11)" | 10.41+(0.06)" | 2.36+(0.32)" | 75.85+(0.37)
TABS | 92.56+(0.02)° | 1.77 +(0.08)° | 2.04+(0.13)° | 11.66+(0.14)* | 3.12+(0.25)° | 73.96 +(0.52)°
TAAS | 92.54+(0.57)° | 2.43+(0.06)® | 1.82+(0.19)° | 12.26+(0.07)" | 3.27+(0.58)° | 72.77 + (0.70)°
TA 88.87 +(0.15)" | 2.52£(0.06)" | 1.74+(0.23)° | 12.17£(0.12)° | 3.52+(0.29)" | 68.92 +(0.27)
F 97.19 + (0.66)" | 1.00+(0.03)° | 8.03+(0.99)° | 13.10£(0.06)° | 3.12+(0.39)" | 72.36 + (0.78)"
FB 18.76 + (0.29)° | 1.89+(0.02)° | 2.03+(0.10)° | 14.24+(0.12)° | 3.11+(0.23)* | 69.44 + (0.15)°
FK 49.81 +(0.06)° | 2.65+(0.06)" | 2.00+(0.24)° | 14.25+(0.12) | 1.88+(0.36)" |71.22 +(0.52)"
FHBS | 21.91+(0.12)* | 2.13+(0.08)° | 1.83+(0.06)* | 14.12+(0.16)* | 1.83 +(0.23)" | 66.18 +(0.23)°
FHAS | 21.71 £(0.36)° | 2.06 £ (0.01)° | 2.20=(0.26)° | 14.02=(0.10)° | 2.78 £ (0.85)° | 66.89 = (0.74)°
FH 95.48 +(0.08)" | 2.20+(0.11)" | 2.47+(0.28)" | 13.30£(0.01)" | 1.73£(0.19)" | 75.85+ (0.48)"

*T: Tabat flourghjk sample. TB: Tabat batter sample. TK: Tabat Kisra sample. THBS: Tabat hulu-
mur batte before adding spices sample. THAS: Tabat hulu-mur batter after adding spices sample.
TH: Tabat hulu-mur sample. F: Feterita flour sample. FD: Feterita batter sample. FK: Feterita Kisra
sample. FHBS: Feterita hulu-mur batter before adding spices sample. FHAS: Feterita hulu-mur batter
after adding spices sample. FH: Feterita hulu-mur sample. TABS: Tabat Abreh batter before adding
spices sample. TAAS: Tabat Abreh batter before adding spices sample .TA: Tabat Abreh sample.
Values are means (+ SD). Values not sharing a common superscript in a column (for T , F and S
separately) are significantly (P< 0.05) different.

These differences in ash, fiber, protein and carbohydrate contents in Table 1 might be
due to genetic variations between seeds of the two cultivars. For both cultivars when the
flour was fermented during kisra preparation, significant decrease in ash, fiber, protein, oil
and carbohydrate contents were observed. Baking of fermented kisra batter of both
cultivars (Aowasa) significantly (p<0.05) increase ash, fiber, protein, oil and carbohydrate
contents. The concentration of vitamins, minerals, and protein appear to increase as a result
of fermentation when measured on dry weight basis [14]. Table 1, shows the protein content
of Tabat flour 12.24%, Tabat kisra batter 11.59%, Tabat kisra 14.47%. These results
showed a significant (P < 0.05) difference in the content as a result of fermentation and
baking process, as the protein content of Tabat flour, increased in Tabat kisra. This increase
can be related to the loss of dry matter mainly carbohydrates [15].
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From Table 1, the protein content of Tabat flour is 12.24% and it was decreased in
Tabat hulu-mur batter before adding spices to 10.78%, and to 10.51% in Tabat hulu-mur
batter after adding spices, and to 10.41% in Tabat hulu-mur. There was a significant (P>
0.05) decrease in protein content from 12.24 to 10.41% during Tabat hulu-mur batter
fermentation. This reduction may be identified with germination and malting forms as
malting is a biotechnological strategy which includes the controlled germination of a cereal
grain, which goes for initiating enzyme systems that catalyze the hydrolysis of
polymerized reserved food materials, notably, proteins, starches and cell-wall substances,
thus, extracting fermentable materials [16]. The slight change in protein content may
attribute to the fact that water-soluble nitrogen was lost during soaking of seeds (sorghum
seeds were soaked prior germination) and also, during seed germination, part of the protein
was utilized for the development and advancement of the embryo [17].

The carbohydrate content of Tabat flour was 78.99 %, and that of Tabat kisra batter
was 67.29%, and Tabat kisra was 72.37% (Tablel). While the carbohydrate content of
Tabat hulu-mur batter before adding spices was 69.37%, and Tabat hulu-mur batter after
adding spices was 70.90%, and Tabat hulu-mur was 75.85%. Table 1 clearly indicates a
significant (P> 0.05) decrease in carbohydrate content with fermentation. This is due to
microbial activity on Tabat fermentation. The available carbohydrates are converted to
organic acids due to the fermentation process and significantly (P> 0.05) reduced the
amount of carbohydrates which may be attributed to the utilization of sugars by the
fermenting microflora [18].

The proximate composition of Abreh produced from Tabat cultivar is given in Table 1.
The ash, fiber, protein, oil and carbohydrate contents of Tabat flour and Abreh product
were significantly (P< 0.05) different. In the decorticated sorghum, the germ was partly or
completely removed. This may have nutritious results as the germ contains most minerals
and lipids. During Abreh processing the seeds first decorticated so this decortication had
numerous effects on grain composition. The protein content of Tabat flour was 12.24% it
was signed (P<0.05) decreased to 11.66% in Abreh batter before the addition of spices, this
decrease was related to a fermentation process. No significant (P<0.05) difference in
protein content of Tabat flour and Abreh as a final product.

The proximate composition of Feteria flour and its based products (Kisra and Hulu-
mur) is given in Table 1. The ash, fiber, protein, oil and carbohydrate contents of Feterita
flour and its based products (Kisra and Hulu-mur) were significantly (P< 0.05) different.
When the flour was fermented during Kisra preparation, a significant decrease in fiber, oil,
and carbohydrate contents were observed. While the crude protein content was increased by
fermentation. These results are in good agreement with that of EI Tinay ef al. [19] who
reported a slight increase in protein content of Kisra produced from three sorghum varieties
as a result of fermentation. Adams[14] reported an increase in the concentration of minerals
and protein as result of cereal fermentation.

Baking of fermented kisra batter (Aowasa) significantly (p<0.05) increase ash, and
protein contents. These results were disagreeing with the results of Elkhalifa et al. [20]
who reported that, the protein content of Kisra was slightly lower than the value for its
fermented batter.

The proximate composition of Feteria flour and it is based product Hulu-mur is given
in Table 1. The ash, fiber, protein, oil and carbohydrate contents of Feferita flour and that
of  Hulu-mur produced from it were significantly (P< 0.05) different. Germination of
Feterita seeds followed by fermentation during processing of Aulu-mur batter lead to a
significant (P< 0.05) decline in fiber, oil and carbohydrate contents, and a slight increase of
ash and protein, respectively. These outcomes are in good agreement with that of Mella
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[21] who reported that fermentation brought about an expansion in the amounts of soluble
proteins and the free amino acids. Malting and fermentation pre-treatments can enhance the
composition and functionality of sorghum flour. The reduction in fat and carbohydrate
contents might be because of the way that biochemical and physiological changes happened
during germination; such changes need the energy to continue, and therefore part of the
seed fat was utilized for the production of this energy [22]. Adding spices to the germinated
fermented batter of hulu-mur significantly (P< 0.05) increase fiber, oil and carbohydrate
contents, respectively. Baking (dowasa) of hulu-mur batter significantly (P< 0.05) increase
the dry matter, ash, and fiber contents, and decreased protein and oil contents, respectively.
In contrast Khalil, et al. [23] reported that baking had no impact on fatty and amino acid
composition. However, it increased the Na and Ca levels, but decreased the K, P, and
vitamin B5 amounts

Carbohydrate content

The amount of reducing sugars (%) in Tabat and Feterita cultivars flour and their-
based foods was determined. As shown in Table 2 the fructose, glucose, sucrose, maltose,
raffinose and total contents of Tabat flour was found to be 0.04%, 0.08%, 0.95%, 0.02%,
0.08% and 1.24%, respectively. Both glucose and raffinose contents of Tabat flour were
lower than those of Feterita flour (0.14% and 0.11%, respectively), while no significant
change observed in fructose, sucrose, maltose and total sugars between the two cultivars.
As appeared in table (2) sucrose is the major soluble sugar in both cultivars followed by
glucose and raffinose. Significant (P< 0.05) reduction occurred in both sucrose and
raffinose contents after processing of the two cultivars. There was a significant (P< 0.05)
increment observed in fructose, glucose and total sugars of baked Aulu-mur in both
cultivars, while maltose and total sugar fluctuated.

Table 2
Sugar content of Tabat, and Feterita sorghum cultivars flour and their-based foods on dry basis

i =
> Q& Q N o Q 2
228 ¢ g 2 g g E
ESS s = S c £ S
5357 o & = 3 =
7)) nf =3 ~
T 0.04 £(0.01)* | 0.08=(0.01)* |0.95+(0.16)* | 0.02+(0.01)* | 0.08+(0.01)* | 1.24 =(0.33)*
TB 0.01+(0.00)° | 0.01+(0.01)° | 0.00+(0.00)° | 0.01+(0.01)" |0.00(0.00)> | 0.02+(0.01)°
TK 0.03 £(0.00)° | 0.63+(0.03)° | 0.00=(0.00)° | 0.00=(0.00)° | 0.00 £ (0.00)° | 0.67 % (0.03)°
THBS | 0.05+(0.00)* | 0.14=(0.00)* | 0.01£(0.01)° | 1.04=(0.02)° | 0.02+(0.00)* | 1.25+(0.01)
THAS | 0.02+(0.00)" | 0.17£(0.00)* | 0.02+(0.00)° | 1.35+(0.01)® | 0.02+(0.00)* | 1.58 +(0.00)
TH 1.60£(0.15)° | 8.64+(0.29)° | 0.07+(0.02)* | 23.18+(0.81)° | 0.00 = (0.00)° | 33.58 = (1.12)°
TABS | 0.01£(0.00)° | 0.31+(0.01)" |0.01£(0.00)° | 0.01£(0.00)* | 0.00+(0.00)° | 0.34 +(0.01)"
TAAS | 0.01£(0.00)° | 0.00+(0.00)° | 0.01£(0.00)° | 0.00+(0.00)° |0.00=(0.00)° | 0.02+ (0.00)°
TA 0.01£(0.00)° | 0.08=(0.04)* | 0.07+(0.04)* | 0.03+(0.00)° | 0.00=(0.00)° | 0.19%(0.07)
F 0.04 £ (0.01)" | 0.14%(0.02)* | 1.11£(0.01)* | 0.01£(0.01)* | 0.11£(0.01)* | 1.39 =(0.02)*
FB 0.00 £(0.00)° | 0.01+(0.01)° | 0.01£(0.01)° | 0.02+(0.01)* | 0.00 = (0.00)* | 0.04 = (0.00)*"
FK 0.01 +(0.00)° | 0.45+(0.00)° | 0.00 % (0.00)° | 0.00 +(0.00)° | 0.00 £ (0.00)° | 0.46 + (0.00)°
FHBS | 0.01 £(0.00)° | 0.34+(0.00)* | 0.02+(0.00)* | 1.13+(0.06)* | 0.04 +(0.01) | 1.54 +(0.06)
FHAS | 0.01£(0.00° | 0.27£(0.01)° | 0.02+(0.00)° | 1.13£(0.02)° | 0.03 £(0.00)° | 1.46 = (0.02)°
FH 0.05 £ (0.00)" | 0.04+(0.00)" | 0.04+(0.00)" | 0.04+(0.00)" | 0.04+(0.00)" | 0.04 = (0.00)"

*For Abbreviations
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Minerals content

The mineral content (mg/100g) of Tabat, and Feterita sorghum cultivars flour and
their-based foods on a dry basis is shown in Table 3. From this table, it was clear that K and
P contents were the most abundant minerals in both cultivars while Pb and Cu were the
lowest ones. The potassium content of Tabat flour was 456.97 mg/100g which was
significantly (P< 0.05) higher than that of Feterita flour (427.64 mg/100g). The iron
content of Tabat flour was found to be 11.26 mg/100g which was significantly (P< 0.05)
lower than that of Feterita flour (39.02 mg/100g). Fermentation of both flours during kisra
preparation significantly (P< 0.05) decreased Ca, K, P, Pb and Cu contents, while there was
a significant increase observed in Fe and Mn contents. A similar trend was observed by
Oyewole & Odunfa [24] during the fermentation of cassava. These researchers reported that
the fermentation process caused reductions in the levels of potassium, copper, and
phosphorus. In contrast, they showed that fermentation of cassava created an expansion in
the concentration of calcium and a lessening in manganese, and iron. These results haven't
agreed with results of Mahgoub, et al. [3] who found that fermentation during kisra
processing has insignificant change on mineral contents. This may be because of the
removal of antinutritional factors, by fermentation technology, which enhances the
nutritional value of the food [24]. Baking of fermented kisra batter (Aowasa) of both
cultivars significantly (P< 0.05) increased all determined minerals (Ca, K, P, Fe, Mn, Pb
and Cu) in both sorghum cultivars. Germination followed by fermentation plus the addition
of spices of Tabat during processing of hulu-mur significantly (P<0.05) increased the
content of all determined minerals.

Table 3
Minerals content (mg/100g) of Tabat, and Feterita sorghum cultivars flour and their-based
foods on dry basis

_E
FR-]
'g_ 5 Ca K P Fe Pb Cu Mn
i
3L
T 5.05+(1.81)"  |456.97+(46.23)|259.65+(1.43)*|11.262(0.03)" [0.57+(0.11)" |0.24+(0.07)* |1.04(0.23)*
TB 0.55+(0.01)° |100.65£(0.09)° |26.38=(0.12)° [6.53+(0.17)° |0.04+(0.00)" [0.05(0.00)° [0.76+(0.01)°
TK 2.94+(0.11)°  [389.18+(6.99)° |82.32+(1.85)° |25.16:(0.30)° |0.05:£(0.00)™|0.12+(0.00)° |3.09=(0.28)°
THBS [7.99+(0.02)° [193.42+(1.28)" [39.08+(0.11)® [11.56(0.05)*0.07£(0.00)" [0.10£(0.01)* [1.81(0.05)°
THAS [9.54+(0.24)° |159.13+(2.42)° |40.46::(0.14)° |12.10+(0.08)° |0.02+(0.00)° |0.05:£(0.00)° [1.28+(0.34)°
TH 35.23+(0.30)° |868.82+(5.40)" |161.40(2.15)°]77.72::(0.81)" 0.08+(0.00)"]0.47(0.13)" [9.62:(1.05)"
TABS 0.37+(0.08)¢ |127.31(0.96)% [29.75(0.04)¢ |7.04(0.17)% [0.10£(0.00)% [0.07+(0.00) |0.89+(0.14)®
TAAS [0.95+(0.00)" |130.52+(0.06)" [23.93+(0.24)" [12.39+(0.05)" |0.09-£(0.00)" |0.02+(0.00)" [1.04+(0.14)*
TA 9.74+(0.07)  |892.43%(12.89)'|148.88=(0.11) |105.76(0.17)]0.05+(0.00)' [0.25(0.01)" |8.77+(2.06)"
F 5.194(2.72)" |427.64+(3.40)" [265.514(0.00)*|39.02+(5.19)" [0.43+(0.03)" |0.17(0.07)* [1.51(0.03)*
FB 1.41(0.06)° |135.17(0.42)° [30.78%(0.11)° [38.35%(0.34)™]0.01(0.00)° [0.07(0.00)° | 1.22+(0.09)°
FK 0.77£(0.02)°  [314.18+(5.36)° |82.53=(1.48)° [51.39(0.47)° [0.112(0.00)° |0.09:(0.00)° |3.67+(0.80)°
FHBS |[1.42+(0.08)" |146.19£(1.00)" [37.48+(0.66)" |11.27£(0.38)" [0.07£(0.00)" [0.07(0.00)*|1.28+(0.02)°
FHAS {7.59+(0.00) |161.324(1.53)° |35.12(0.24)° |14.64+(0.00)° |0.02+(0.00)° |0.07::(0.01)®|1.87(0.13)°
FH 8.08£(0.47)" |724.07£(4.82)" [158.30+(1.77)'|32.80+(0.24) [0.27(0.00) [0.35=(0.01)" [4.39+(0.57)

*For Abbreviations see Table 1. Values are means (+ SD). Values not sharing a common
superscript in a column (for T, F and S separately) are significantly (P< 0.05) different.
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The mineral content of Abreh produced from 7abat cultivar is given in Table 3. This
content was significantly different than that of Tabat flour. During Abreh processing the
grains were decorticated and the bran was separated. This process decreased the content of
minerals as shown in Table 3. The addition of spices followed by baking increased the
mineral content of Abreh produced from Tabat flour. Akhtar, et al. [25] reported minor
losses during baking of fortified whole wheat flour. Germination followed by fermentation
plus the addition of spices of Feterita during processing of hulu-mur significantly (P<0.05)
increased the contents of Ca, K, Cu and Mn minerals. While the contents of P, Fe and Pb
were decreased (Table 3).

Amino acids

Table 4 shows the amino acid content (g/100g protein) of Tabat, and Feterita sorghum
cultivars flour and their-based foods (kisra, hulu-mur) on a dry basis. As shown in Table 4
glutamic, aspartic, leucine and proline represent the highest values among the whole amino
acids of Tabat and Feterita and their-based foods (kisra, hulu-mur), whereas cyctine and
methionine were the lowest ones. Youssef, [26] revealed that glutamic acid, leucine,
alanine and proline were found in highest amounts among the amino acids of total protein
of sorghum varieties. Osman, [15] reported a significant (P<0.05) decrease in glycine,
lysine and arginine content of pearl millet during preparation of Lohoh when fermented for
24 h.

The total amino acid in Tabat flour (92.63 g/100gm protein) was affected by
fermentation and preparation as it was increased to 104.09 and 96.09 g/100gm protein in
TD and TK, respectively. Fermentation of Tabat flour resulted in a decrease in the level of
nine amino acids (aspartic, serine, glutamic, valine, isoluecine, phenyle alanine, histidine,
lysine and arginine) in TK. While Threonine, methionine, cysteine, proline, tyrosine,
leucine, alanine and glycine were enriched during Kisra fermentation in Tabat sorghum
studied (Table 4). El Tinay, et al. [27] found that fermentation of sorghum resulted in a
decrease in the level of most of the essential amino acids. In a previous study El Tinay, et
al. [19] investigated the nutritive value of sorghum Kisra and they showed no increase in
lysine or threonine but tyrosine and methionine did increase.

The total amino acid in Tabat flour (92.63 g/100gm protein) decreased to 89.27, in
MHBS as affected by germination and fermentation processes during Hulu-mur
preparation, and it was increased to 91.63 g/100gm in THAS as a result of spices addition.
The previous amount was increased to 93.66 g/100gm protein in TH as affected by the
baking process. Mella, [21] reported an increase in free amino acids in the malted and
fermented sorghum flour. Decortication of Tabat grains followed by a fermentation process
for the batter decreased the total amino acid of Tabat flour from 92.63 g/100gm protein to
92.96 in TABS and 88.36 in TAAS and 90.08 in TA. The content of eleven amino acids
was decreased during Abreh processing and after addition of spices. While the content of
glycine, alanine, leucine, tyrosine and proline was increased (Table 4).
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Table 4
Amino acids content (g/100g protein) of Tabat, and Feterita sorghum cultivars and their-based
foods on dry basis*

*For Abbreviations see Table 1. Values are means (£ SD).

Amino Acid

T TB TK THBS |THAS |TH TABS TAAS
/Sample
Aspartic 8.20+.04 [7.20+.04 |[7.32+.05 |7.37+.04 [7.09+.04 [7.23+.04 |6.73+.04 6.26+.04
Therionine  |3.38+.02 |3.43+.02 |3.41+.03 [3.05+.02 [2.86+.01 [2.98+.01 [3.07+.02 2.87+.02
Serine 4.36+.03  |4.46+.03 |4.02+.03 |3.68+.02 |3.39+.02 |3.62+.04 [4.06+.03 3.74+.02
Glutamic 18.72+.07 |20.57+.08 |17.93£.08 |17.16+.08 [17.78+.09 |18.62+.09 |18.71+.09 | 17.13+.08
Glysine 2.86+.01 [3.43+.01 |3.66+£.02 |3.47+.02 |3.49+.02 |3.62+.02 |[3.17+£.02 2.96+.02
Alanine 7.59+.04 [9.14+.04 [8.90+.06 |8.00+.04 [8.57+.06 [8.19+.05 |[8.71+.06 8.09+.05
Valine 5.26+.02 [537+.04 |[5.12+.04 |4.53+.02 [4.76+.03 |[5.00+.04 |4.85+.03 4.52+.03
Isoleucine 4.14+.02  4.80+.03 [4.02+.03 |3.68+.04 |3.70+.02 [3.94+.03 [3.76+.03 3.48+.02
Leucine 9.92+.05 [12.57+.06 |{11.46+.07 [10.74+.06 |11.32+.09 [11.38+.08 [11.78+.08 | 10.70+.07

Tyrosine 3.23+.01 16.17+£.02 |4.51+£.03 |4.32+.03 [4.44+.03 4.79+.03 [4.36+.03 4.17+.03
Ph. alanine  |5.64+.03 6.97+.02 |5.37+.04 [5.16+.03 |5.50+.04 |5.74+.04  |5.64+.03 5.04+.04
Histidine 2.71£.01 [2.86+.02 [2.56+£.02 |2.53+£.02 [2.54+.02 |2.55+.02 |2.28+.02 2.09+.02

Lysine 2.93+.02 |2.74+.02 |2.68+.01 (2.32+.02 |2.22+.02 (2.02+.02 [2.18+.02 2.26+.02
Arginine 44403 [3.894.02 |4.15£02 |3.79£02 [|3.70£03 [2.77£02 [3.37£.02 | 3.22+.02
Proline 6.09:.04 [8.00-.04 |7.56+.04 [6.84-05 |7.41+.04 [7.45:04 |8.02+06 | 7.57+.05
Cyctine 1.58+.01 1.49+.01 1.71+.01 1.37+.01 1.38+.01 1.38+.01 1.29+.01 1.13+.01
Methionine |1.58+.01 1.71+.01 1.71+.01 1.26+.01 1.48+.01 1.38+.01 1.29+.01 1.13+.01
Total 92.63 1048  [96.09  [89.27  [91.63  |93.66  |92.96 88.36
Continue of Table 4
Amino Acid TA |F FB FK FHBS |[FHAS |[FH
/Sample
Aspartic 63305 (699405 |6.77+04 |7.00 05 |6.91-05 [7.49+6 |[1.52+.04
Therionine 3.03£.02 68202 29601 |3.17+.02 281202 |3.05£.03 [3.64+.02
Serine 358502 [3.58£.02 |4.05 403 |3.92+.02 |3.614.02 [3.95:03 |4.61+03
Glutamic 17.61£.09 |19.35+.09 |19.38 £.09 |18.5820.2 |17.1920.4 |17.04£0.6 [20.48+2.2
Glysine 321502 276202 |2.80 £.02 |3.00£.02 |2.89£.02 [2.88+.02 |3.76+.02
Alanine 8.81£06 |837+05 [8.79 £06 [9.25:08 |8.43+.06 [7.90405 [9.45+07
Valine 477403 |4.63+03 |475£03 |5.08£03 |4.50-02 |4.44+03 |5.82+.04
Isoleucine 3.67+.03 [.66+02 |3.66£.02 |4.08+.03 |3.614.02 [3.54£.03 |4.12+03
Leucine 11.19£.08 |12.11 08 |1230+1.1 |12.50+0.1 |11.4940.3 |11.03£.09 |12.36+.08
Tyrosine 440£03 |4.63+503 459503 |4.67£.03 |426-03 [428£.04 |5.45+.04
Ph. alanine 550504 |545+.03 |545504 |5.50£.04 |530£04 |5.194.04 |6.30+.05
Histidine 2.20+.01 [2.44+02 |2.26+.02 2.42+.02 [2.25+£.02 |2.14+.02 [2.67+.02
Lysine 257502 [2.03+£02 |2.02£.02  [2.08£.02 |1.77£02 |1.56£.01 [2.91£02
Arginine 33902 74402 |335£.02 |3.67+.03 |321£.02 [337+.02 |4.24+03
Proline 7.16£05 [1.89+05 [825:.06 |8.08£06 |7.23+05 [7.00405 |8.12+.06
Cyctine 1.28+.01 1.30+.02 |1.40+.01 1.50+.01 1.20+.01 1.07+.01 1.58+.01
Methionine 1.38+.01 1.14+£.02 |1.25+.01 1.42+.01 1.20+.01 1.15+.01 1.70+.02
Total 90.08  [92.75 94.03 9592 |87.86  [87.05  [104.73
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The change in individual amino acids amount during the fermentation of Feterita and
Feterita-based fermented foods is presented in Table 4. A significant (P<0.05) sharp
increase in the total of amino acids was observed as the total amino acids of Feterita flour
was 92.75, this amount was increased to 94.03 as affected by batter fermentation, and it was
increased to 95.92 after baking of the batter to produce kisra, and this amount reached
104.73 in Feterita hulu-mur. All the individual amino acids of Feterita flour were increased
as a result of kisra batter fermentation, the amount of each individual amino acid in Feterita
kisra was higher than that of Feterita flour. Popoola, [28] reported an increase in values for
some of the amino acids in the fermented seeds of C. altissimum. Fermentation of grains
has been accounted to expand free amino acids and their derivatives by proteolysis and/or
by metabolic synthesis. Fermentation has been shown to increase the content of the
essential amino acids lysine, methionine, and tryptophan [28]. Germination followed by
cooking and fermentation during Aulu-mur processing decreased the total amino acids of
Feterita flour from 92.75 to 87.86 in Feterita hulu-mur batter before adding spices (FHBS)
(Table 4) [29]. Fermentation did not realize any critical change in ash and oil contents,
however, noteworthy diminishing was seen in crude protein, crude fiber, starch, total and
insoluble dietary fiber contents. Another increment in the amount of each individual amino
acid was observed in the final Feterita hulu-mur (FH) as a result of spices addition and
baking of hulu-mur batter.

Amino acids score

Table 5 shows the amino acid score of Rabat, and Feterita sorghum cultivars flour and
their-based products on a dry basis.
Table 5
Amino acids score of Tabat, and Feterita sorghum cultivars flour and their-based
products on dry basis*

=
[

FH

m | x| & 2|« B2
|| #|E SIE| | B|E|E|E

THAS
TABS

Amino acid
score (%)

[Therionine|84.60 |85.7185.37(76.3 |71.4 |74.47|76.7 |71.7 |75.7 |67.1 [73.9 [79.2 |70.3 |76.1 |90.9
Valine 105.3(107.4[102.4 [90.5 |95.4 [100.0({97.0 [90.4 954 [92.7 [94.9 [101.7(89.9 |88.9 [116.4
I[soleucine |103.4 [120.0 [100.6 [92.1 [92.6 [98.4 [94.1 [86.9 [91.7 |91.5 |91.4 |102.1[90.4 [88.5 [103.0
Leucine 141.8(179.6|163.8 [153.4]161.8 [162.6|168.3 |152.8159.9 [173.1|175.7 [178.6 [164.1 [157.6 [176.6
Tyr + PA |147.9]219.1|164.6 |157.9|165.8175.5|166.8 [153.6[165.1{168.0 [167.3|169.4159.3 [157.8 [195.9
Lysine 53.32|49.9 [48.8 [42.1 [40.4 |[36.8 [39.6 [41.1 |46.7 [36.95|36.8 [37.9 |32.1 [28.4 |52.9
Cy + Met |89.71]90.91(97.01|74.76 [81.2 |78.6 |73.1 |64.2 |75.6 |69.3 |75.2 |82.9 |68.5 [63.1 [92.9
*For Abbreviations see Table 1. Tyr + PA =Tyrosine + P. alanine, Cy + Met =Cyctine +
methionine. Values are means of duplicate determinations.

For both Tabat and Feterita flour, lysine was found the first limiting amino acids with
values of 53.32% and 36.95%, respectively. The second limiting amino acid was threonine
followed by cystine + methionine for both cultivars. Fermentation of both cultivars during
kisra processing, increased threonine, cystine + methionine scores, while lysine score was
decreased. Baking of kisra increased Cy + Met score from 89.71 to 97.0 and it decreased
lysine score from 53.32 to 48.8 in Tabat and Ferterita respectively. Germination followed
by cooking and then fermentation in Aulu-mur processing decreased all the amino acids
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except leucine and Tyr + PA which was increased sharply. Baking of Tabat hulu-mur
decreased all amino acid scores except leucine and Tyr + PA which were increased when
compared to Tabat flour (Table 5). In abreh processing seeds were fermented,
decorticated, fermented and cooked, then baked these processes decreased the amino acid
scores of valine, isoleucine, threonine, lysine, and Cy + Met from 105.3, 103.4, 84.60,
53.32, and 89.71, in Tabat flour to 95.4, 91.7, 75.7, 46.7, and 75.6 in TA, respectively.
While the scores of leucine and Tyr + PA were increased from 141.8 and 147.9 in Tabat
flour to 159.9 and 165.1 in TA respectively (Table 5).

Microbial analysis and total viable count of bacteria: Table (6) shows the
microbiological load (cfu/g) of kisra, Abreh and hulu-mur batters of Tabat, and Feterita
sorghum cultivars. From this table, it was clear that there was a significant difference
(P<0.05) in total lactic acid bacteria count of TKD (7.25x10°), THAS (5.15x10°), THBS
(5.65x10° CFU/g), TABS (4.15x10%), and TAAS (5.05x10%. As shown the differences
might be related to each batter fermentation time and different process steps, as in TKD
only fermentation while in Aulu-mur batter there besides fermentation there were
germination and cooking processes. From table 6, there were significant differences
(P<0.05) in yeast and mold count of Feterita batter, as in FKD this account was 3.20%¥10° ,
and it was significantly (P<0.05) increased to 4.75%10° in FHBS and to 6.50%10% in
FHAS. These outcomes are in agreement with Sulieman et al. [30] who reported high yeast
counts in Hulu-mur batter samples. The increase in lactic acid bacteria and yeast counts in
these batters could be due to the long fermentation time and the availability of essential
nutrients in Tabat and Feterita. Probably added spices has provided more nutrients,
particularly minerals, and consequently resulted in more favorable conditions for growth of
yeast, hence more yeast count in TAAS compared to TABS and the same trend in FHAS
compared to FHBS. Sulieman et al. [30], found that addition of spices to Hulu-mur batter
stimulated yeast growth during fermentation. The increase in microbial counts of kisra
batter is in agreement with Mohammed, et al. [31] who reported an increase in both
bacterial and yeast counts of Kisra batter as a result of fermentation.

Acrylamide content

In this study 20 kisra samples made from 7abat and Feterita cultivars were collected
from Khartoum, Omdurman and Bahri states. No acrylamide content was found in all
samples except one sample of the Tabat kisra obtained from Omdurman State contained
(22 pg/kg). 15 hulu-mur samples made from Feterita cultivar were collected from
different states. From those entire 15 samples just one obtained from Shendi state contained
acrylamide with a value of (84 ug/kg) (data not shown). The occurrence of acrylamide in
those two samples might be due to differences in the preparation of sulu-mur and kisra in
each state. Omer, [32] measured acrylamide in Aulu-mur using 3 different methods for
determination and found that the values of acylamide are 51.50 ug/kg, 59.43 ug/kg and not
detected according to the method used.

Conclusions

In conclusion sorghum cultivars (Tabat and Feterita) and their final products (Kisra
and Aulu-mur) contain great levels of carbohydrate, protein, K, P, Fe, Mn and essential
amino acids (Valine, isoleucine, leucine, tyrosine, and phenylalanine, while lysine,
threonine and sulfur amino acids were insufficient. Acrylamide was found in two samples
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(Tabat kisra and Ferterita hulu-mur ) of 35 samples analyzed in amounts less than 0.2
mg/kg which confirm that traditional Sudanese food at this study (hulu-mur and kisra) are
safe for human consumption. Further research must be done to detect the level of
acrylamide in coffee, cookies like biscuits, and other traditional Sudanese homemade
cookies, which ammonium bicarbonate is utilized as additives because it is one of the
primary materials induce the formation of acrylamide. Acrylamide was detected in two
samples Tabat kisra (22 ng/kg), and Ferterita hulu-mur (84 png/kg) only.
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Introduction. Technology of production the pastes
which are balanced by micronutritional composition is
researches for the purpose of developing and widening of
assortment of gerontologic products.

Materials and methods. The potential raw material for
the development of special products for the elderly, nursing
and long-lived people was analyzed. For development of
recipes were used mathematical modeling methods which
consider chemical composition, structure and mechanical
properties of the product.

Results and discussion. Designed paste has a more
balanced micronutritional composition compared with
control samples. Found that in the control sample of pastes
content of Ca and P is dramatically unbalanced — 1: 9.8 at
recommended 2: 1. While increasing content of protein-
mineral gerontologic enricher, the content of Ca is
increasing and content of P is decreasing. Thus when you
add 10% protein-mineral gerontologic enricher to paste
recipes, you get almost perfect ratio of Ca: P =1: 0.5. Also
found that the addition of 5% protein-mineral gerontologic
enricher (recipe Nel) is not sustainable because it is not
optimal for gerontologic products — the content of Ca is just
174.1 mg per 100 g or 13.7% of the daily requirement.

The microstructure of the developed paste includes in its
composition the muscle tissue in the form of muscle fibers
fragments up to 0.7-0.8 mm. Muscle tissue has a
microstructural changes which are typical for temperature
impact — moderate destruction of muscle fibers, resulting in
swelling, appearance of gaps and fragmentation. The cells
found in the nucleus of muscle fibers in the form of
shadows, in the connective tissue they survive better.

The replacement of part of raw meat by protein and
mineral gerontologic enricher results in remaining porosity
moderated and responsible to this type of meat product.
Adding fermented food collagenase of rumen of cattle don't
lead to significant changes of the microstructure of muscle
and connective tissue structures.

Conclusions. It is recommended to use the developed
product in nutrition of elderly and centenarians.
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Introduction

There is an international problem with providing population with diverse and high
qualitied products.

The irony of the situation of shortage of food protein is in the fact that we have
considerable source of protein (average 180 g / day per person), but we use 80... 90% of
protein for fodder purposes, namely on the development of animal husbandry. The other
part is scarce food protein — represented by 50... 56% by a plant protein, 7... 8% — meat one,
5% — eggs and egg products, 5... 6% — fish and 20... 30% — protein of oilseeds [2, 3].
According to the biomedical requirements the human body needs not just food protein, but
complete protein (in an amount not less than 20 kg / year), which can be found mainly in
animal raw material: meat, milk, fish, eggs and, in part, oilseeds [1].

Results of regular mass screening [2] of the actual nutrition evidence about significant
violations of the diet, such as excessive consumption of animal fats that leads to an increase
in the number of people with overweight and different forms of obesity, lack of complete
protein, polyunsaturated fatty acids, deficiency of vitamins (B, A and C) and minerals
(calcium, iron, magnesium, iodine and selenium). Unbalanced diet is contributed by
consuming a monotonous food due to the low purchasing power and low food culture —
lack of knowledge of most of the population about the benefits of individual components of
food and bad habits, such as excessive consumption of fatty foods, smoked and refined
foods which are poor in vitamins and minerals [1]. Therefore, the question of development
of new innovative technologies in the food industry is very important.

Everything mentioned above leads to find additional alternative sources of calcium
and development of technology of food products which will use these sources. The problem
is especially actual in the meat industry because for meat products is an important
component of the human diet, source of complete protein, minerals and biologically active
substances. Due to excessive phosphorus and a small amount of calcium in raw meat
products in the finished product is broken calcium — phosphorus balance.

The task of the research presented in this paper was to study the properties of
developed gerontologic pastes with using protein-mineral gerontologic enricher obtained
by enzymatic proteolysis and calcining the rumen of cattle [2].

To solve this problem held:

- A comprehensive study functional and technological, structural and mechanical and
organoleptic characteristics of minced meat, prepared using protein-mineral gerontologic
enricher;

- Rational number protein-mineral gerontologic enricher the production of ground beef
for Gerontologic pastes;

- Studied the chemical composition, biological value and microbiological safety of
pates Gerontologic protein-mineral gerontologic enricher.

Statistics show that a need of complete protein can be solved by variability in diets in
different countries. However, it can have a good result in high developed countries, while
in Ukraine there is a chronic deficit in the amount of protein in general. Several ways of
solution of this crisis situation are offered and their implementation can go in parallel ways:

- Increasing the number of livestock and poultry, Raising a productivity of animals. It
needs long termined programs, significant economic investitions in the development of
research in genetics, breeding, bioengineering, reconstruction of animal breeding,
expansion fodder, fodder production, purchase feed grains, feed etc.;
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- An increase in imports of animals or meat. This trend is linked to the high cost of raw
meat and meat products on the world market, substantial costs for transportation,
refrigeration software etc.

- Reducing losses in the field of processing animal raw materials and maximum use of
secondary protein containing wastes of meat industry in food production. This solution on
one hand not allows to achieve drastic increase of production, on the other hand — most
types of recycled materials is low functional and contain defective protein that requires
enrichment and modification of functional and technological properties;

- Involvement in the production of meat products protein intermediate products,
supplements, concentrates, isolates and dresser from various sources that are secondary or
incidental products in related with meat industry food industries, namely a combination of
meat and protein ingredients that have high nutritional value and desired functional and
technological properties. This way makes it possible to increase the depth of processing and
protein level of use of resources in general turn of feed protein in food, quickly and
significantly increase production volumes without radical restructuring of production,

provide high quality meat products, ensure
economic advantages [5, 6, 8 ].
L Table 1 In developing of recipes of gerontologic

Standards of physiological needs for meat-based products we guided experience

nutrients for people over 60 . o .
of our and foreign nutritionalist,
gerontologists and nutritionists. It has been

((i};ll;:)dellnes(per Men | Women analyzed . and chiﬁed norms  of
Protein, g 68 Gl physiological needs in energy and food
=2 - fibers for men and women who are over 60
Including  animal | 34 30,5 years. Taking into account the metabolic and
one, g physiological characteristics of people with
Fats, g 77 66 disorders of the musculoskeletal system, was
£2-6, % from keal 5-8 formulated scientifically based
Q -3, % from keal 1-2 recommendations for meat products for
Phospholipids 5-7 nutrition of people who have the aforesaid
Vitamins pathologies. In developing the
Vitamin C, mg 90 recommendations adopted provided that
Vitamin Bl, mg 1,5 developed product is the main source of
Vitamin B,, mg 1,8 nutriently-adequate protein and calcium.
Vitamin B6, mg 2.0 Of the meat products consumed and the
Vitamin B12, mg 3,0 most promising among the various groups,
Beta-carotene, mg 5,0 including the elderly, taking into account the
Vitamin E, mg 15 state of the masticatory apparatus is pate.
VitaminD, mcg 10 It is important not on}y to obtain certain
Minerals nmnbgr of amino ac1d§, b}lt also a
Calcium,mg 1200 compliance .of. their physmlogwal ratios
Phosphorus, mg 300 close toaratioina body tissues. .
Magnesium,mg 400 $01ent1ﬁca11y b_aged nutrmnal
Potassium ;ng 2500 requirements to composition and quality of
— products on the meat based products for
Chlorides, mg 2300 geronutritional human nutrition, who suffer
Iror}, mg 10 from musculoskeletal deseases (Table. 1)
IOdm"?’ mg 150 were formulated by systematization and
Selenium, mg 70 synthesis of physiological norms of
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consumption of food substances of elderly people, taking into account the most frequently
encountering defitsitnih states on connective tissue proteins, essential micronutrients
(calcium, phosphorus, potassium, magnesium, iron, zinc, iodine), that have the biggest
impact on the development of pathologies of musculoskeletal system.

Materials and methods

The potential raw material for the development of special products for the elderly,
nursing and long-lived people was analyzed.

Subject of research — protein-mineral gerontologic enricher and technology of
gerontologic food pastes.

To develop a range of recipes of pastes based on minced meat with protein-mineral
gerontologic enricher, was a prerequisite for a comprehensive study of the properties,
which shows the mince during the technological processing. In studies were used minced
meat containing protein-mineral gerontologic enricher by 5, 10, 15 and 20%. As a control,
was selected minced meat of beef and pork (cooked sausage recipe-grade analog of 1 sort).
The level of substitution of raw meat due to the fact that the replacement of at least 5% is
feasible from a technological point of view and does not give a noticeable change in quality
characteristics, and the replacement of more than 20% is not recommended by legislative
system of Ukraine.

Thus, using the techniques of computer modeling based on analogue — recipe of boiled
sausage of 1 sort — Stolova. It was developed recipes of gerontologic meat-based products
for further investigation.

In compounding analogue a beef of 1 grade been replaced to poultry meat to reduce the
cost of the finished product and reduced quantitative salt accordanly with principles
gerontologic food.

Result and discussion
The studies examined the impact of protein-mineral gerontologic enricher on the

chemical composition of meat minced systems depending on the percentage. Data on the
chemical composition of of minced meat is presented on Table 2.

Table 2
Chemical composition of minced meat models

Sample | Moisture, % | Protein, % | Fat, % Ash, %

Control 62,2+1,1 17,240,3 19,6+0,3 | 1,02+0,02
Sample 1 | 64,2+1,3 17,0+0,3 16,4+0,3 | 2,41+0,02
Sample 2 | 65,0+1,4 16,7+0,3 15,6+0,3 | 2,72+0,02
Sample 3 | 66,1+1,4 16,5+0,3 14,5+0,3 | 2,93+0,02
Sample 4 | 67,2+1,3 16,3+0,3 13,3+£0,3 | 3,21+0,02

From the data presented in Table. 2 we see that the total moisture content and ash
elements in the experimental samples increases with the increasing of replacement of
primary raw meat on protein-mineral gerontologic enricher. Along with the increase of
moisture and ash observed — a slight decrease in the experimental samples of the mass
fraction of protein and significant — fat. For product with calcium is important minimum fat
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content as if it is in excess, it prevents the absorption of calcium by the human body. These
small differences in main nutrients content of control and experimental samples can be
explained by difference in chemical composition of protein-mineral gerontologic enricher
and principal raw meat — pork and poultry. The data indicate that prototypes have no
significant differences in the chemical composition compared to the control sample and
confirm the use of protein-mineral gerontologic enricher technology with minced meat with
protein-mineral gerontologic enricher and cooked gerontologic sausages which are based
on it.

Using a protein-mineral gerontologic enricher in composition of minced beef makes it
possible to adjust the structural and mechanical properties, and predict the technological
properties of cooked sausages. When modeling gerontologic pastes recipes it is important to
investigate the content of phosphorus and calcium in their content and compliance with
recommended standards — Ca: P = 2: 1.Therefore, a study was conducted in the finished
pastes content of calcium and phosphorus. Research results are shown in Table 3.

Table 3
Results of the research of content of Ca and P in the finished pastes

Index Control | Recipe 1 | Recipe 2 | Recipe 3 | Recipe 4
Content of calcium in 100| 17,2+0,2 | 174,1+0,2 | 352,7+0,2 | 461,9+£0,3 | 614,3+0,2
mgof product
% Of the daily requiremen of 1,4 13,7 26,0 38,5 51,2
calcium
Content of P mg per 100 g 208,4+0,1| 195,1+0,1| 184,2+0,1 | 180,1+0,1 | 175,2+0,1
Correlation of Ca:P 1:12,1 1:1,2 1:0,5 1:0,3 1:0,28

(1,9:1)

Designed paste has a more balanced micronutritional composition compared with
control samples. Found that in the control sample of pastes content of Ca and P is
dramatically unbalanced — 1: 9.8 at recommended 2: 1. While increasing content of
protein-mineral gerontologic enricher, the content of Ca is increasing and content of P is
decreasing. Thus when you add 10% protein-mineral gerontologic enricher to paste recipes,
you get almost perfect ratio of Ca: P = 1: 0.5. Also found that the addition of 5% protein-
mineral gerontologic enricher (recipe Nel) is not sustainable because it is not optimal for
gerontologic products — the content of Ca is just 174.1 mg per 100 g or 13.7% of the daily
requirement.

Studies by a number of our and foreign scholars have shown that knowledge of the
nature and direction of changes in the structure of raw meat and produced product gives
the opportunity to objectively evaluate the quality characteristics of food products and their
production processes in accordance with data obtained by such methods as analysis of
physical, chemical, biochemical and physical-chemical studies [10].Therefore, histological
studies were conducted in which established the following: the mass of mince is
homogeneous, the main part of it is finely crushed and represented by finely granular mass,
which forms the mesh bases framing and stuffing paste is about 78% by volume.
Microstructural features parts muscle, fat and connective tissue, preserved morphological
features — characteristic animal products after heat treatment (Figure 1 and 2).

—— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 2

233




Food Technologies

Figure 1. Microstructure of the reference paste

Figure 2. Microstructure of gerontological paste

From Figure 1 we see that the structure includes in a composition muscle tissue in the
form of fragments of muscle fibers identified up to 0.7-0.8 mm. Muscle tissue has a
characteristic temperature impact on microstructural changes — moderate destruction of
muscle fibers, resulting in swelling, appearance of gaps and fragmentation. The cells found
in the nucleus of muscle fibers in the form of shadows in the connective tissue of survival is
higher.
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From Figure 2 we see that the replacement of raw meat protein and gerontologic

mineral dresser porousness of structure remains moderate and response to this type of meat
product. Adding of fermented by food collagenase rumen of cattle does not lead to
significant changes in the microstructure of muscle and connective tissue structures.

In both cases, shallow discovered fragments of cellular elements of natural spices.

These cells have cellulose membrane and quite varied in shape and size.

10.

11.

Conclusion

An optimal amount of bringing of protein-mineral gerontologic enricher in recipes of
pastes — 10%.

It was investigated a microstructure of developed gerontologic pates and proved that
bringing fermented by food collagenase rumen of cattle does not lead to significant
changes in the microstructure of muscle and connective tissue structure of the material.
The use of prototypes by the elderly people for 3 days does not lead to worsening of
clinical symptoms. Researched product shows that calcium in it is accessible for elderly
human body and can be absorbed from the gastrointestinal tract into the bloodstream.
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Introduction. Holding histological characteristics of
meat split semifinished components can detect, differentiate
the properties of various tissue and cell structures, and to
control production.

Materials and methods. Minced beef as the objects of
research were improved with the replacement of 5%, 10%,
15% of meat part with lupine flour and adding 0.5% of
Elecampane root powder as aromatic raw. For microscopic
examination it was used materials of developed ground
meat, they were stamped and fixed in 10% neutral formalin
solution. We produced cuts on Sannomiya microtome with
thickness of 0.5-1 cm, they were stained with hematoxylin
and eosin, PAS reaction. Light microscopy and
microphotography of histopreparations were performed
with a microscope Leica DM 2500 and camera Leica DFC
450C Software Leica aplitation suite 4.4.

Results and discussion. In the of micro-samples
studies of mince examples we found muscle polygonal and
round fibers, cytoplasm was painted in a reddish-pink
colour, and their dark blue nuclei were good noted under
sarcolemma . This indicates that they used for stuffing
fresh chilled meat, as among muscle fibers it was looked
through pockets of fatty tissue that histologically
characterized by a mesh structure. In locations slices of
bacon it was showed vacuoles of various shapes and sizes,
which gave the cut mesh look. Groups collected round light
purple cytoplasm and nuclei of dark purple cells located in
the center of polygonal shapes represent lupine flour;
crumbly brown fibers show bread mass; wavy violet fibers
show onion, dark brown single points marked Elecampane.

Conclusions. Histological studies showed for the PAS
reaction developed content in meat semis, meat and plant
parts. For hematoxylin and eosin it was determined the
composition of ground meat.
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Introduction

Urgency direction is determined by the need to find new sources of complete protein
and the introduction of new products with high nutritional value. Among a large number of
herbal raw materials containing protein, lupine special place belongs to [1]. Production of
meat chopped semis, combining compounding of raw meat and vegetable proteins, which
contain valuable proteins is of particular relevance. [3] To control prescription of
bookmarks meat chopped semis accordance with the regulations is important to identify the
raw materials based on histological (microstructure) combined characteristics of ground
meat.

Histological method is a direct method of determining the composition of raw
materials and products. Microstructural studies can detect components that differentiate the
properties of various tissue and cell structures [5].

Lupin was characterized by the World Congress of the United States as an important
reserve of high quality proteins [3,4]. Apart from protein, lupine grain contains 25—40%
nitrogen free extract, 9% more fat, 3—4% ash. Average protein content in lupine flour is
38.6% of dry matter (DM), which is 3 times higher than the Figure for wheat flour of the
first grade and by 2.2% to DM for soy flour. About 90% of the total proteins content of
lupine seeds presented digestible fractions — albumin and globulins, while in soybean flour
—only 67%. [1,2].

Elecampane root contains up to 44% of inulin. Also it was proved that Elecampane
helps to restore metabolic processes, tidal forces, vitality, to return youth and health [1,2].

Control of meat and meat products is the most topical issues of today. This is due to
the global changes that have taken place in recent years in all areas of meat and meat
processing industry [6]. Functional chopped meat products harmoniously combine high
taste, nutritional value with good functional properties and provide a positive impact on
human health. However, they are for wide audience of consumers and can be used
regularly as a part of a normal diet with no specific recommendations.

Literature review

Method of microstructure analysis of meat raw materials, semi-finished and finished
products from raw meat is used in European countries. [7] However, in most countries, this
method has no legal basis. [8] There is enough powerful regulatory framework running-by
specialists of the All-Russian Research Institute of Meat Industry named after V.M.
Gorbatov (laboratory of microstructure research of meat) [9-12].

They use use different ways of preparing meat products with a high content of calcium
for twenty years in Japan. When making burgers, schnitzels, sausages in minced meat theu
add crushed animal bones. In the USA they conducted extensive researches on the
production of food protein and mineral supplements on bone and bone residue. In the UK
they use food processing of bones by way of Johnson — Faudler to obtain edible fat, protein
and soluble food phosphate. Employees in ARRIMI (Moscow) also analyzed the possibility
of using enzyme immunoassay which has high sensitivity and specificity [4]. This method
is the most convenient to determine the type of meat, qualitative and quantitative
composition of plant proteins, such as soy.

Meat products at different stages of processing and in finished form, retain their
morphological features. Therefore, by using microstructural analysis of raw materials,
intermediate or finished product can detect the presence of certain types of tissues, organs,
spices and low-grade supplements, unexpected recipe reused raw materials [3, 13].
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However, microstructural method makes it possible to conduct a quantitative analysis of
individual components of the product [14]. Microstructural analysis makes it possible not
only to detect fraud, but also to monitor compliance with approved meat composition
formula [15,16]. So now in Ukraine they have particular interest is the use of
microstructural analysis for quality control and safety of the finished products from raw
meat as domestic and foreign production.

Materials and methods

For microscopic examination it was used materials of developed ground meat, they
were stamped and fixed in 10% neutral formalin solution. After this fixed material was
dehydrated in solutions of spirit, with ascending concentrations (70, 80, 90, 96 °C), it was
condensed in two portions of chloroform and embedded in paraffin. We produced cuts on
Sannomiya microtome with thickness of 0.5-1 cm, they were stained with hematoxylin and
eosin, PAS reaction. Light microscopy and microphotography of histopreparations were
performed with a microscope Leica DM 2500 and camera Leica DFC 450C Software Leica
aplitation suite 4.4. Minced beef as the objects of research were improved with the
replacement of 5%, 10%, 15% of meat part with lupine flour and adding 0.5% of
Elecampane root powder as aromatic raw. Lupine flour is used Class "Food", which was
grown at the Institute of Agriculture of the National Academy of Agricultural Sciences.
Lupine flour is a uniform fine powder of light yellow colour, neutral taste and odor.
Elecampane is dried and powdered root. Smell is strong aroma, taste bitter, spicy.

It was selected 4 experimental models of ground meat (Table 1).

1 — «Control». Ingredients: beef (meat cutlet), raw oil, bread, onion, water, black
pepper, salt.

2 — «5%p». Ingredients: beef (meat cutlet), raw fat, lupine flour, bread, onion, water,
black pepper, root of Elecampane, salt.

3 — «10%». Ingredients: beef (meat cutlet), raw fat, lupine flour, bread, onion, water,
black pepper, root of Elecampane, salt.

4 — «15%p». Ingredients: beef (meat cutlet), raw fat, lupine flour, bread, onion, water,
black pepper, root of Elecampane, salt.

Table 1
Meat recipe of split semifinished products
Raw materials Consumption of raw material per 100 kg of finished
production, kg
Net

Control Sample 1 Sample 2 Sample 3
Beef (meat cutlet) 54,0 51,3 48,6 45,9
lupine flour - 2,7 5,4 8,1
Fat Raw 5,0 5,0 5,0 5,0
Wheat bread 13,0 13,0 13,0 13,0
Rusk bread 2,0 2,0 2,0 2,0
Onions 3,0 3,0 3,0 3,0
Freshly ground black pepper |0,1 0,05 0,05 0,05
Powdered Elecampane - 0,05 0,05 0,05
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Results and discussion

In the of micro-samples studies of mince examples we found muscle polygonal and
round fibers, cytoplasm was painted in a reddish-pink colour, and their dark blue nuclei
were good noted under sarcolemma . This indicates that they used for stuffing fresh
chilled meat, as among muscle fibers it was looked through pockets of fatty tissue that
histologically characterized by a mesh structure. In locations slices of bacon it was showed
vacuoles of various shapes and sizes, which gave the cut mesh look. Groups collected
round light purple cytoplasm and nuclei of dark purple cells located in the center of
polygonal shapes represent lupine flour; crumbly brown fibers show bread mass ; wavy
violet fibers show onion, dark brown single points marked Elecampane.

Figure s 1-8 show histological sections of samples of ground meat painted:

A —hematoxylin and eosin.

B — PAS reaction (which paints the cytoplasm of plant origin in bright red-pink colour).

Figure s 9-11 show the histological sections of lupine flour, powder of Elecampane
root and onions.

In sections of the control sample (Figure 1), with hematoxylin and had been
stirred.eosin with eyepiece 10 and lens 10 muscle fibers have polygonal shape and have a
clear path (1). Also it is noted large mesh cells and oval cells — adipose tissue (2). Fibrous
loose fibers represent onions (3) because they were grinded. Single loose parts depict bread
(4). Structure of minced was uniformly homogeneous, it was noted loosening fibers as
stuffing

Figure 1. Sample 1 «Control», A — hematoxylin and eosin. Eyepiece 10; Lens 10.

(1 — muscle fibers; 2 — fat tissue; 3 — onion; 4 — bread)
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In response to PAS reaction on the control sample cut (Figure 2) with Eyepiece 10 and
lens 20 it was clearly defined plant (1) and meat (2) share. In compliance ratios which set of
components and stuffing may be noted that a large proportion is a significant part of meat
stuffing.

Figure 2. Sample 1 «Control», B — PAS reaction. Eyepiece 10; Lens 20.
(1 — part vegetable; 2 — meat part)

In Figure 3 it is represented slice of minced with 5% content of lupine flour and 0.5%
of Elecampane root. For hematoxylin and eosin with eyepiece 10 and lens 10, it was noted
the presence of muscle fibers of polygonal shape (1) with clear contours, large mesh and
oval cells — adipose tissue (2), fibrous form loose fibers — onion (3 ) loose single fiber —
bread (4), vacuoles with spherical polygonal nuclei in the center of cells — lupine flour (5)
and single fiber precise form — Elecampane (6). Structure of minced is uniformly
homogeneous.

Figure 4 at PAS reaction with eyepiece 10 and lens 20 it was clearly defined plant (1)
and meat part (2). The content of plant components increased by 5% according to recipes
developed, but the content of meat particles was close to the control and remains
significantly high.

In Figure 5 it was presented slice of minced with 10% content of lupine flour and 0.5%
of Elecampane root. For hematoxylin and eosin with eyepiece 10 and lens 10, it was noted
the presence of muscle fibers of polygonal shape (1) with clear contours, large mesh and
oval cells — adipose tissue (2), fibers of loose form — onions (3 ) loose single fibers — bread
(4), vacuoles of spherical polygonal nuclei in the center of a large cluster of cells — lupine
flour (5) and single fiber of precise form — Elecampane (6). In the structure of minced small
bundles are observed but are not observed uniform mixing of components in the stuffing, as
lupine flour absorbs moisture.
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Figure 3. Sample 2 «5%», A — hematoxylin and eosin. Eyepiece 10; lens 10.
(1 — muscle fibers; 2 — fat tissue; 3 — onion; 4 — bread;
5 — lupine flour; 6 — Elecampane)

Figure 4. Sample 2 «5%», B — PAS reaction. Eyepiece 10; Lens 20.
(1 — part vegetable; 2 — meat part)
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Figure 5. Sample 3 «10%», A — hematoxylin and eosin. Eyepiece 10, Lens 10.
(1 — muscle fibers; 2 — fat tissue; 3 — onion; 4 — read; 5 — lupine flour; 6 — Elecampane)

Figure 6. Sample 3 «10%>», B — PAS reaction. Eyepiece 10. Lens 10.
(1 — vegetable part, 2 — meat part)
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In Figure 6 at PAS reaction with eyepiece 10, lens 10 it was identified plant part (1)
and meat part (2). Vegetable share increased by 10% under developed recipes without
compromising taste and organoleptic properties.

In Figure 7 it is represented slice of minced with 15% lupine flour in content and 0.5%
of Elecampane root. For hematoxylin and eosin with eyepiece 10 and lens 10, it was noted
the presence of muscle fibers of polygonal shape (1) with clear contours, large mesh and
oval cells — adipose tissue (2), fibers of loose form — onions (3) loose single fibers — bread
(4), vacuoles of spherical polygonal nuclei in the center of a large cluster of cells — lupine
flour (5) and single fiber of precise form — Elecampane (6). Structure of stuffing is broken,
heterogeneous, crumbly, there is no uneven placement of muscle and plant parts.

Figure 7. Sample 4 «15%», A — hematoxylin and eosin. Eyepiece 10. Lens 10.
(1 — muscle fibers; 2 — fat tissue; 3 — onion; 4 — bread; 5 — lupine flour; 6 — Elecampane)

In Figure 8 at PAS reaction with eyepiece 10 and lens 10 and 10 it was identified plant
part (1) and meat part (2) . In accordance with our compounding plant share increased by
15%, which significantly increases its content in minced meat, that adversely affects the
taste.

In Figure 9 it is depicted the vacuoles of lupine flour with hematoxylin and eosin (A)
with eyepiece 10 and lens 30 and PAS reaction (B) with eyepiece 10 and lens 20, which
have the appearance of spherical polygonal vacuoles and nuclei in the center of the cell
well absorbing moisture.
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Figure 8. Sample 4 «15%», B — PAS reaction. Eyepiece 10; Lens 10.
(1 — vegetable part, 2 — meat part)

Figure 9. Lupine flour
a: A — hematoxylin and eosin. Eyepiece 10; Lens 30.
b: B —PAS reaction. Eyepiec 10; Lens 20.

In Figure 10 it is presented a Elecampane root powder as part of its content in ground
meat small portion, by hematoxylin and eosin (A) and PAS reaction (B) with eyepiece. 10
lens. 20. Fibers are clear elongated shape, crowded, loose.
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Figure 10. Elecampane root powder.
a: A —hematoxylin and eosin. Eyepiece 10; Lens 20.
b: B —PAS reaction. Eyepiece 10; Lens 20.

Figure 11. Chopped onion
a: A — hematoxylin and eosin. Eyepiece 10; Lens 10.
b: B — PAS reaction. Eyepiece. 10; Lens 10.
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In Figure 11 it is represented a onion by hematoxylin and eosin (A) and PAS reaction
(B) with eyepiece 10 lens 10, fibrous structure, the fibers were loose since it was crushed in
a meat grinder and minced had been mixed and it acquired the form of juice with soft.

Conclusion

Histological studies showed for the PAS reaction developed content in meat semis,
meat and plant parts. For hematoxylin and eosin it was determined the composition of
ground meat. Research has shown that after using 5% of lupine flour — stuffing evenly
homogeneous; 10% — allowed small bundles stuffing; 15% — causing uneven placement of
muscle and plant parts, stuffing down, heterogeneous, crumbly. Research of microstructure
simulated ground meat recipes shows that the introduction of more than 15% of lupine flour
with semi causes loose structure products.
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Introduction. This study was conducted to determine the
effects of processing techniques and packaging materials on
the quality of Suya meat.

Materials and Methods. Grilling and roasting techniques
were used to process lean beef meat each weighing 1.5 kg.
After processing, the samples were packaged in four different
materials, Glass jar, Aluminium foil, Cling film and Paper up
to a period of seven days and the proximate composition of the
samples were analysed for ash, crude protein and fat. The
moisture content of each sample was also determined in the
laboratory. A 2 x 5 factorial experiment was designed to
investigate the treatment combination of two methods of suya
processing (grilling and roasting) with five packaging
materials (Glass Jar, Aluminium foil, Cling film, Newsprints
and a Control) in a completely randomized design with three
replicates.

Results and Discussion.Findings showed that roasting and
grilling techniques used in processing of Suya meat have
effects on its quality. Results showed that the values of crude
protein for roasting and grilling were 41.82% and 39.91%
respectively while for fat the values were 9.92% and 8.36%
respectively, which were significantly different from each
other. Furthermore the results also showed that the packaging
materials used in handling and preservation of the Suya meat
samples have significant effect its quality. The results showed
that samples stored in Glass jars, Aluminium foil, Cling film
and Paper have average values of 6.42%, 6.24%, 5.45% and
5.28% of ash respectively; 40.18%, 38.79%, 38.46% and
37.92% of crude protein respectively; 10.69%, 9.38%,
10.17%, and 11.61% of fat respectively, and 8.06%, 8.17%,
7.33% and 8.13% for moisture respectively. Analysis of
Variance (ANOVA) table further revealed that the effect of
packaging material is significant at p < 0.05 on the ash, crude
protein, fat and moisture content of the stored Suya meat
samples.

Conclusions. Processing techniques and packaging materials
were found to have effects on the quality of processed and
stored Suya meat. In order to have a high quality Suya meat,
roasting technique should be used for processing and the
products are to be handled and stored in Glass jars or
Aluminium foils.
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Introduction

Suya is a form of processed stick-meat consumed by people in West Africa. It is
produced from boneless meat hung on stick and spiced with peanut cake, salt, vegetable oil
and other flavourings followed by roasting around a glowing charcoal fire [1]. It originated
from the northern part of the country where the population of animals found in the area is
large compared with other areas. The processed meat has a unique taste, flavour, colour and
texture that distinguish it from other meats which are products of other processing
techniques. Suya meat is produced from beef or mutton.  There are three types of Suya
namely, Tsire, Balangu and Kilishi. The process of preparation of Suya meat involves a few
steps, first is the grounding of peanut. The shell and the skin are removed from the peanut
before grinding into fine powder using mortar and pestle or crushed with a rolling pin. If
the powder is oily; it is wrapped with an absorbent paper and squeezed for a minute or two.
Next, the grinded pepper, garlic, ginger are stirred into the peanut powder and mixed
properly. The meat is then cut into small sizes or thin sliced, dipped and rolled in a bowl
containing the mixed peanut-spice and allowed to coat completely. The minced meat are
then kept for thirty minutes or more for the peanut cake to stick to it after which the meat
slices are threaded unto skewer and brushed with vegetable oil and roasted on the glowing
charcoal fire for fifteen to twenty minutes [2].

Today Suya meat has gained wide popularity and it is been consumed by majority.
Most of the processors of this meat were found in strategic locations and were people who
does not have much formal education and as a result still uses traditional methods of
handling, processing and packaging the products, which are considered to be unhygienic,
unsafe and can result in rapid deterioration of the processed meat if not consumed within a
short period of time. The processors have been accustomed to collecting old newspapers
from different homes and using same to package Suya meat for their customers, which are
considered to be dirty and dusty, also in some homes where chemicals were being used to
control insects like cockroaches and mosquitoes, there is tendency of the chemicals being
sprayed on the newspapers, which the chemicals when in contact with the meat and being
consumed can poised serious health issues. Besides the fact that the use of old newspapers
in packaging of Suya meat product does not give a good professional image to the
processor, the printed inks on the papers contain pigments, colorants, binders, additives and
photo initiators [3] which can be harmful to the health of the consumer.

Packaging does not only ensure that foods contains and maintains the amount and
forms of the required ingredient and nutrients but also improves the sensory quality and
colour stability. It has been demonstrated that food packaging can retard product
deterioration, retain the beneficial effects of processing, extend shelf-life and maintain or
increase the quality and safety of food [4]. Therefore it is important that food packaging
materials should possess proper mechanical, thermal and optical properties for foods. In
addition anti-microbial and barrier functions against gases, vapour and aroma are also
important in food packaging materials [5]. Suya meats are to be stored between 50 to 60°C
to disfavour the growth of microbes [6].

The principal roles of packaging are to protect food products from outside influences
and damages, to contain the food, and to provide consumers with ingredient and nutritional
information [7]. Packaging maintains the benefits of food processing after the process is
completed, enabling food to travel safely for long distances from their point of origin and
still be wholesome at the time of consumption. It is in view of these that this study was
conducted to investigate the effects processing methods and packaging materials on the
quality attributes of Suya meat.
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Materials and methods

The materials and equipment that were used to carry out this research and the basis for
their selection and also some of their standard properties were discussed. This is with
reference to existing packaging materials in Nigeria for processed suya meat [8, 9, 10, 11]
and the details are as follow:

Glass Jar. A glass jars which are impervious to moisture, gases and microorganism
were used. It has a density of 2.52 kg/m’ [12].

Aluminum foil.  Aluminum foil is used as the second packaging material with a
thickness of 0.0065 mm with a specific gravity of 2.7, melting point of 660°C and a thermal
conductivity of 235W/m.K. The molecular structure of the metal provides a high
performance barrier. The naturally occurring oxide acts as a shield in the presence of
oxygen in the atmosphere which makes it to be corrosion resistant. It is chemically resistant
when in contact with substances with in the pH scale of range 4-9. It is non-absorbent and
proof against water, oil and grease and other liquids.

Cling film. A thin film of flexible transparent polymer that clings to itself and to food
containers to form a tight seal, which offers strong tear resistance, it is highly impermeable
to oxygen and water and also has excellent organoleptic properties which does not affect
the taste of the product.

Paper (Newsprint). Paper made from thin material produced by pressing together
moist fibres of cellulose pulp derived from wood and being dried into flexible sheets was
used.

Processing Techniques. Two processing techniques were used in the preparation of
Suya meat. These techniques were grilling and roasting. Two processing techniques are
appropriate for meat conditioning and processing that can mitigate spoilage [11, 13].

Grilling Method. The grilling method for the Preparation of Suya meat was carried out
at a Suya processor spot at Tanke Oke-odo, Ilorin, Kwara State, Nigeria. The process of
preparation involved the following unit operations as earlier adopted by [13]. The
procedure includes spice mixing, cleaning, size reduction, placing on grill, grilling and
cooling.

Spice Mixing. The spices used in preparing the ingredient were purchased from
specialized spice market. They included red pepper (Capsicum fructescens), Seasoning
(Monosodium  glutamate), Maggi (Levisticum officinales) Curry powder (Trigonella
foenum), salt (Sodium chloride) and Yaji sauce.

Cleaning. 1.5 kilogram lean meat from beef was bought from the meat market and
cleaned in a potable water to get rid of all dirt

Size Reduction. The meat was sliced into thin fillets manually by the use of a sharp
edge of knife in order to remove undesirable materials and to increase the surface area
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Placing on Grill. The pieces of meat were placed on the grill and sprinkled with the
ingredients and about 5ml of groundnut oil for grilling

Grilling (Heat Process). Grilling was achieved by the grill method where the pieces of
meat were placed on the grill directly over a burning mass of charcoal and firewood. The
meat pieces were allowed to stay on fire for about thirty minutes. The pieces of meat were
turned and sprinkled with the ingredient and groundnut oil at regular intervals to avoid
burning

Cooling. After the grilling process, the fillets of meat were cooled and sprinkled with
Yaji sauce.

Roasting Method. The roasting method for the preparation of Suya meat was carried at
the Food Science laboratory, Faculty of Agriculture, University of Ilorin following the
processing steps highlighted by [13]. The process of preparation involved spice mixing,
cleaning, size reduction, placement on oven rack, roasting and cooling.

Placement on Oven Rack. The pieces of meat were placed on the oven rack and
sprinkled with the ingredients and about Sml of groundnut oil for Roasting.

Roasting (Heat Process). Roasting was achieved by placing the thin fillet of meat on
the oven rack and placed into the oven set at 150 °C.After twenty minutes; the fillets of
meat were flipped and sprinkled with the ingredients and vegetable oil. The total roasting
time for both sides of the meat was fifty minutes.

The spices were mixed together in a specific proportion as described in Table 1.

Table 1
Composition of Suya ingredient for grilling and roasting techniques
Ingredient Proportion by weight Percent proportion in mixture
constituents (g) (%)
Curry powder 10 9.01
Seasoning 10 9.01
Condiment 36 32.43
Red pepper 5 4.50
Salt 50 45.05
Total 111 100.00

Packaging. After Suya meat was prepared by the grilling and roasting method. Fifty
(50) grams of Suya meat samples were weighed and filled into the packaging materials
[14]. Each packaging material was labelled based on the design setup.

Experimental Design. A 2 x 5 factorial experiment was designed to investigate the
treatment combination of two methods of suya processing (grilling and roasting) with five
packaging materials (Glass Jar, Aluminium foil, Cling film, Newsprints and a Control). The
factorial experiment was carried out in a completely randomized design with three
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replicates. The factors considered were five packaging materials and two treatment
techniques for suya processing.

Methods for Evaluating Suya meat Quality. The packaged Suya meat was taken to
chemistry laboratory, University of Ilorin for proximate analysis. The analysis was carried
out at six hours interval for seven days.

Determination of Ash content of Suya meat. This was carried out as described by
[15].The crucible was washed and dried in the oven and allowed to cool in a desiccator and
weighed 2g of Suya sample was weighed into an empty porcelain crucible which had been
previously ignited and weighed. The Suya sample was then ignited over a hot plate in the
fume cupboard to char organic matter. The crucible was placed in a muffle furnace
maintained at a temperature of 600 °C for hours and transferred directly to a desiccator,
cooled and weighed immediately. The calculation of the percentage ash was determined
using equation (1).

%Asth-IOO (1
=W
where:
\WA = Weight of empty crucible (g)
W, = Weight of crucible + suya sample (g)
W; = Weight of crucible +ash (g)

Determination of Moisture Content of Suya. This was carried out as described by
[16]. 2g of Suya sample was weighed into a Petri-dish which has been weighed previously,
and then the Petri-dish was transferred into the oven at 101 °C until constant weight was
achieved. The Petri-dish and the Suya sample were reweighed after cooling. The calculation
of the percentage ash was determined using equation (2)

Y%Mc = W, — W, -100 2)
3
where:
M. = Moisture Content (%)
W, =Weight of dried Petri-dish (g)
W, = Weight of Suya sample + Petri-dish (g)
W; = Weight of dried Suya sample (g)

Determination of Crude protein of Suya. This was carried out as described by [15].
2g of Suya sample was mashed in a sterile laboratory type mortar and pestle. The mashed
Suya sample was shaken with 100ml of 0.05M of sodium hydroxide solution for fifteen
minutes. It was then centrifuge for ten minutes in a 500ml graduated cylinder. Sml clear
extract was added to 50ml with 30% sulphur salicylic acid solution. It was inverted several
times and immediately the degree of turbidity at 450nm in a 4cm cell read against sulphur
salicylic acid solution as instrument blank. The percentage protein content was determined
using the equation as shown in equation (3).
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Y=2.53+18.20X 3)
where:
Y = Calorimeter reading
X =% protein

Determination of Fat Content of Suya. This was carried out as described by [15]. 2¢g
of the Suya sample was stirred with 2ml of alcohol and then 7ml of concentrated
hydrochloric acid and 3ml of water was added. The Suya sample was heated at about 80°C
for about an hour. 10ml of alcohol was added to the cooled hydrolysed mixture followed by
25ml of light petroleum and the fat extracted three times of 25ml of the ether.

The percentage fat content was determined using the equation 4.

%fatzM-IOO, 4
W,
Where:
W, = Weight of Suya sample in the flask before removal of fat (g)
W, = Weight of Suya sample in the flask after removal of fat (g)
W3 = Weight of Suya sample (g)

Results and discussion

It can be seen in Table 2 the effects of method of processing, packaging materials and
hours of preservation on the proximate compositions (ash, moisture, crude protein and fat)
using Analysis of Variance (ANOVA). To check the level of significance at (p< 0.05).

Table 2
Effects of method of processing (M), packaging materials (P) and hours of preservation (H) on
the quality attributes of Suya meat.

Quality M P H M*P M*H P*H M*P*H
attributes

Ash 0.452 0.000* 0.734 0.721 0.886 0.000* 0.975
Moisture 0.156 0.000* 0.002* 0.002* 0.233 0.308 0.360
Crude 0.000* 0.001* 0.004* 0.467 0.634 0.830 0.830
protein

Fat 0.000* 0.000* 0.000* 0.000* 0.991 1.000 1.000

* Significant at p < 0.05

The analysis of variance test on Table 2 showed that the packaging materials (Paper,
Cling film, Aluminum foil, Glass jar) are statistically significant on the dependent variables
(ash, moisture, crude protein and fat) in which the p-values are 0.000, 0.000, 0.001 and
0.000 which are less than 0.05. Also the hours of preservation are statistically significant on
the dependent variables (moisture, crude protein and fat) in which the p-values are 0.002,
0.004 and 0.000 which are less than 0.05. Meanwhile the interaction between the two study
parameters (P and H) were also statistically significant on the dependent variable ash in
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which the p-value is 0.000 and the interaction between the two study parameters (M and P)
were also statistically significant on the dependent variable (moisture and fat) in which their
p-values are 0.002 and 0.000 which are less than 0.05.

From Table 2 It can be inferred that all the variables of interest, method of processing,
packaging materials (Paper, Cling film, Aluminum, Glass jar) and hours of preservation
were statistically significant on all the dependent variables; ash, moisture, crude protein and
fat except ash in which the method of processing and hours of preservation do not have
any significant effect. Table 3 showed the multiple comparisons for packaging materials
using Duncan’s New Multiple Range Test (DNMRT).

Table 3
Multiple comparison using the Duncans’ New Range Test for packaging materials

Quality Packaging materials

attributes Glass jar Aluminium Cling film Paper Control
foil

Ash 6.4212° 6.2474° 5.4476° 5.2831° 5.3450°

Moisture 8.0560° 8.1679° 7.3343° 8.1252° 5.3400°

Crude 40.1800" 38.7879* 38.4605° 37.9250° 38.3033¢

protein

Fat 10.6881" 9.8383° 10.1660° 11.6129% 12.3933%

Mean with the same alphabet are not significantly different from each other.

The Duncan New Multiple Range Test (DNMRT) for packaging materials on Table 3
showed the different mean values of the quality attribute in the materials. It can be inferred
from Table 2 that the mean ash of Suya in Glass jar was 6.42 and Aluminium foil was 6.27
and were significantly higher than those in Cling Film of 5.45 and paper of 5.28. Ash refers
to any inorganic material such as minerals, present in food; it is called ash because it is the
residue that remains after heating removes water and organic materials such as fat and
protein. The variation in the ash content may be as a result of the properties of the various
packaging materials. The permeability of packaging materials is of importance in retaining
the desirable nutrients or in permitting undesirable components to permeate through the
Packaging materials from the ambient temperature [17].

The mean moisture of Suya in paper was 8.13 and was significantly higher than those
in Glass jar which was 8.06, Aluminium foil was 8.16 and Cling Film was 7.33. Moisture
refers to the presence of a liquid especially water in trace amount. A higher increase of
moisture in paper is due to the highly porous cellulose fibers of paper, they readily absorb
moisture from their environment or in contact with the food as reported by [18]. The
decrease in moisture content of Glass jar, Aluminium foil may be as a result of their
impermeability to gas and water. Moisture rich foods are easily susceptible to microbial
attack which can affect the quality of the food material. The mean crude protein of Suya in
Glass jar was 40.18 and Aluminium foil was 38.79 which were significantly higher than
those in Cling Film which was 38.46 and 37.93 in paper. The high Crude protein content
agrees with [19] who reported that meat with intermediate moisture contents are less bulky
and have higher protein than those with high moisture content. The impermeablity
properties of Glass jar and Aluminium foil brings about a variation in the crude protein
content when compared to Cling film and Paper that has low permeability.
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The mean fat of Suya in Paper was 11.61 and was significantly higher than those in
Cling Film with a value of 10.17 and Aluminium foil has a value 9.84 while sample stored
in Glass jar has a mean value of 10.69. An increase in the fat content of Suya in paper may
be as a result of possible hydrolysis reaction due to the action of lipolytic enzymes or
moisture [20]. Paper is not a good packaging material because it has poor barrier properties
and they readily absorb moisture and air from their environment or in contact with the food.
Oxidation of fat causes rancidity in food.

It was also found that the hours of preservation had effects on the moisture content of
the stored samples as shown in Table 4, an increase in the hours of preservation leads to an
increase in moisture content and crude protein but decrease in fat content of the samples.

Table 4
Multiple comparison using the duncan new range test for hours

Quality Time of preservation (hours)
attributes 6 12 18
Moisture 7.5979° 7.8633 8.0148*
Crude Protein 38.4490° 38.8633 38.8660°
Fat 10.7879° 10.6802° 10.6183°

Mean with the same alphabet are not significantly different from each other.

Method of processing also has effect on the quality of the processed samples. Table 5
shows the mean crude protein of Suya using the roasting technique and the value was 41.82
which was significantly higher than that of the grilling technique of 39.92 value. Roasting
refers to cooking food in an oven with dry heat. Most nutrient losses are minimal with this
cooking method [11].The decrease in the crude protein content using the grilling technique
is due to the fact that grilling is one of the most popular cooking methods because of the
great flavour it gives, However up to forty percent of nutrients may be lost during grilling
when the nutrient rich juice drops from the meat [11].

The decrease in the fat content using the grilling technique is due to the fact that
grilling is usually considered as a low fat cooking method because it renders out food’s
internal fat during the grilling process. Also grilled meats have a reduced fat content
because the fat drips off as the meat is grilled [13].

Table 5
Multiple comparisons using the duncan new range test for method of production
Quality Processing techniques
Attributes Roasting Grilling
Crude Protein 41.8206" 39.9192°
Fat 9.9183" 8.3597°

Mean with the same alphabet are not significantly different from each other.
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Conclusions

The following conclusions can be drawn from the result obtained in the course of this
study:

1. Processing methods used in the preparation of Suya meat for consumption have
effects on the quality attributes of the final products as the crude protein and fat content of
roasted meat were 41.82 and 9.92 respectively which were significantly higher than that of
the grilled meat which were 39.92 and 8.36 respectively. The use of roasting technique
produced better products when compared with grilling technique.

2. Packaging materials have effects on the quality attributes of the final products of
Suya meat during storage due to variation in their properties, as the results show that crude
protein and ash contents of samples stored in Glass Jar and Aluminium foil were higher
than those stored in Cling film and Paper. Results show that samples stored in Glass jar
and Aluminium foil have higher qualities and were not found to be significantly different
from each other but were significantly different from those stored in Cling film and Paper
which were of lower qualities. Therefore in order to obtain the best quality of processed
meat, Suya meat is to be stored in Glass jar or Aluminium foil. Further research should be
focussed on improvement of Cling film and Paper for handling Suya meat during storage as
they are considered to be more economical and affordable as compared to Glass jar and
Aluminium foil which are more expensive.
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Introduction. The aim is scientific justification and
innovative technologies of aqueous-alcoholic infusions
(AAI) for producing syrups in confectionery products, for
giving them functional and health qualities.

Materials and methods. Methods of investigation:
redoxometry — determination of antioxidant capacity of AAI
from plant raw materials; pH-metry; methods of
determining of the organoleptic indicators.

Results and discussion. The minimal theoretically
expected meaning of Eh,,;, for plant water-alcohol extracts
was got, which has meanings from 203,0 mV (ginger root)
to 480,9 mV (Sudan rose), and actually measured Eh,, —
82,0 mV (strawberry leaves) to 246,0 mV (ginger root).
Thus, the minimum quantity of redox reaction (RR) is —
42,3 mV and typical for ginger root, and the highest
meaning 266,0 mV has the AAI from guilder rose fruits.
The pH level for AAI has meaning from 2,985 (Sudanese
rose) to 7,605 (ginger root) that infusios have reactions from
acidic to slightly alkaline.

The groups of infusions for antioxidant ability were
defined: infusions with low activity — 3 samples (25%),
among them are ginger roots, apple fruits, elderberry fruits;
infusions with middle activity — 4 samples (33%), among
them the lowest meaning 133,4 mV has cinnamon, and the
most — 171,8 mV has cherry leaves; infusions with the high
activity — 5 samples (42%), among them are rowan — 234,3
mV, cherry — 247,5 mV, Sudanese rose — 260,4 mV, guelder
rose — 266 mV and buckthorn — 282,4 mV.

Conclusion. The most promising sources of natural
antioxidants for usage in syrups technology for
impregnation of confectionery product were defined.
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Introduction

Today the market of confectionery products is expanding day by day in number and
variety. There is a large number of new varieties of confectionery products with health and
functional purpose, too.

Modern consumer imparts particular importance to the consequences, connected with
consumption of confectionery. It is known, that this group of products consisting of large
amounts of fats and carbohydrates, is very caloric, but in a few number it satisfies organism
with necessary substances in the daily ration. Therefore, the creation of confectionery
products, in less measures has a harmful impact on the organism, constantly are maintained
for satisfaction of buyer’s desires.

A wide range of confectionery products are based on the using of different raw
materials which are substitutes for existing, but with more useful properties. On the one
hand, it provides the product with the functional properties, on the other — in different ways
the taste indicators of the usual, for consumer recipe selection change. Consequently, the
question of searching of key moments of influence on the body and their solutions with
minimal impact on its organoleptic become relevant.

The main tool that provides the vital functions of any organism and regulates the ratio
of energy for maintaining of homeostasis (relative dynamic constancy of composition and
properties of the internal environment and sustainability of basic physiological functions of
organism) and is spent on the regeneration of cells, is a change of the speed of redox
reactions (RR). This speed depends on the concentration and the ratio of oxidized and
reduced forms of substances in the body, including substances from food and drinks.
Therefore, one of the most important factors of the indicator regulations of RR is redox
potential (RP).

In the confectionery industry, one of the ways to influence on the antioxidant properties
of the product — is the infusion of plant components into the alcohol — raw materials,
namely syrups for impregnation of products.

So, syrups for impregnation should not only perform its basic technological function —
to moisturize and to improve the organoleptic indicators of confectionery, and should
enrich the finished product with useful for the human body substances and provide desired
properties.

It is possible, due to the leading to the recipe of herbal extracts, which are prepared by
infusion of plant raw materials (both aromatic and non-aromatic), based on aqueous-
alcoholic and wine-cognac raw materials.

In consequence of extracting of plant raw material into the raw alcohol material, an
enrichment of the last by nutrients (vitamins, minerals, organic acids, polyphenolic
compounds) is held, which increases the antioxidant properties of the solution.

Therefore, the purpose of our work is to study the antioxidant activity of infusions from
raw plant materials on aqueous-alcoholic and wine-cognac raw materials, identification of
the most promising sources of natural antioxidants for use in syrup technology for
impregnation in the confectionery industry and determine the best composition of syrup for
impregnation of confectionery products of these infusions.

The object of study is the characteristics and indicators of quality of AAI, brandy
infusions from plant raw materials, syrups for impregnation, organoleptic properties (color,
smell, taste); physicochemical indicators (pH, RP).

The subject of study is aqueous-alcohol solution (control); AAI from plant raw
materials: ginger root, apple fruits, cherry fruits, strawberry fruits, elderberry fruits,
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buckthorn fruits, rowan fruits, guilder fruits, leaves of cherry, strawberry leaves, cinnamon,
hibiscus flowers; brandy 3*, syrups for impregnation.

For the preparation of infusion of aqueous-alcoholic solution with a volume fraction of
ethanol — 40% (vodka «Khortytsya»); ordinary brandy (brandy «Shabo» 3*); plant raw
materials — according to the current regulatory documents, permitted for using in the
confectionery industry by central executive body in the department healthcare were used.
The using of other raw materials and auxiliary materials can be, in accordance to the
current regulatory documents, permitted for the use of the central executive body in the
department of healthcare.

Vodka — alcohol drink with strength of 37,5 % to 56,0 %, received by special adsorbent
processing of aqueous-alcoholic solution with added ingredients or without them, followed
by filtering.

By organoleptic indicators vodka must meet the requirements, fixed in the table 1.

Table 1
Organoleptic indicators of vodkas
T!ne name of Characteristics
indicator
Appearance Transparent liquid without impurities and sediment
Color Colorless liquid
Taste and flavor Typlcal for V0(1k21, without forf-’:lgn taste and aroma, in particular vodkas a
slightly perceptible characteristic flavor

By physicochemical indicators vodka must meet the requirements, fixed in the table 2.

Table 2
Physicochemical indicators of vodkas
The name of indicator Meaning
37,5-
Strength, % 56,0
Alkalinity 1,0-3,5
Mass concentration (MC) of aldehyde, in terms of acetaldehyde in anhydrous alcohol 2.0
(AA), mg/dm’, no more ’
MC of fusel oil in terms of the mixture of isoamyl and isobutyl alcohols (1:1) in AA, 20
mg/dm’, no more ’
MC of fusel oil in terms of the mixture of propyl, isobutyl and isoamyl alcohols 3.0
(3:1:1) in AA, mg/dm’, no more ’
MC of esters in terms of acetic-cthyl in AA, mg/dm3 , N0 more 35
Volume fraction of methanol in terms of AA, %, no more 0,005

Brandy — spirits with a distinctive bouquet and flavor, are made by blending of brandy
alcohols, obtained by method of distilling of brandy wine materials on special copper
apparatus with fractionation, aged at least for 3 years in the oak barrels, stainless or
enameled places with oak stave.

By organoleptic indicators brandy 3* must meet the requirements, fixed in the table 3.
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Table 3
Organoleptic indicators of brandy 3*
The name of indicator Characteristics
Transparency Transparent, with glitter, no foreign inclusions
Color From light golden to light brown with a golden hue
Taste and flavor Typical for brandy of particular name, without other tones
By physicochemical indicators brandy 3*, fixed in the table 4.
Table 4

Physicochemical indicators of brandy 3*

The name of indicator Meaning
Strength, % 40
MC of sugars, in terms of inverted, g/dm’ 10-15
MC of methanol in terms of AA,%, no more 1,0

Alcohol infusion — semi-finished product, which is prepared by infusion of plant raw
materials (both aromatic and non-aromatic) in aqueous-alcoholic and wine-cognac solutions
with strength from 40% to 90%.

Infusions need to produce in accordance to the technological instructions and
regulations with keeping of public healthcare standards and rules, adopted, according to the
established order of the central executive body in the department of healthcare.

By organoleptic indicators alcohol infusions must meet the requirements, fixed in the
table 5. By physicochemical indicators extracts must meet the requirements, fixed in the
table 6.

Table 5
Organoleptic indicators of extracts

The name of

indicator Characteristics

Transparent, liquid is without sediment and impurities, opalescence is

Appearance permissible, which disappears after filtering

Color, taste and | Inherent for plant raw material from which they are made, without foreign
flavor taste and smell

Table 6
Physicochemical indicators of extracts
The name of indicator Meaning
Volume fraction of ethyl alcohol, % 20,0-90,0
Mass fraction of essential oil, % 0,0—-15,0
MC of total extract, g/100 cm’ 0,1 —20,0

Syrups for impregnation — it is semi-finished products of confectionery manufacture,
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appointed to hydrate and improve the flavor properties of confectionery.

In the confectionery industry syrups for impregnation four types are made:

— syrup for impregnation (formulation Ne 95), with moisture 46-54%, which consists of
sugar, water, rum essences, brandy or dessert wine;

— syrup for impregnation (fortified) (formulation Ne 96), with moisture 46-54%, which
consists of sugar, water, rum essences, brandy or dessert wine, and brandy for fortifying;

— coffee syrup for impregnation (formulation Ne 97), with moisture 46-54%, which
consists of sugar, water, rum essences, brandy or dessert wine, and natural fried ground
coffee;

— agar-sugar syrup (formulation Ne 98), with moisture 17-23%, which consists of sugar,
water, starch syrup, agar.

Coffee syrup Ne 97 has strongly pronounced coffee taste and aroma, and it is used only in
one formulation of the cake «Kavovyj». Because of small volume of its production, it is
impractical to improve its formulation. The formulation of the sugar-agar syrup Ne 98 does
not include alcohol raws. Thus, the improvment of syrup formulations for impregnation Ne 95
and Ne 96 were conducted. They are alcohol and most common in confectionery industry.
Hierarchical structures of using syrups for impregnation, shown in Ne 95 and 96 in Figure 1-3.

Syrup for impregnation Ne95 in
sponge-cakes
| |
Riffled sponge cakes }— Sponge-cakes with artificially-
baked semi-finished product

Sponge-cake «Biskvitne»
with protein cream (263)

Sponge-cake «Biskvitne» ||
jelly —fruit (265)
Sponge-cake «Biskvitne»
creamy cream (266)

Sponge-cake «Biskvitne»
with creamy cream (266a)

Sponge-cake «Biskvitne» eith
creamy cream (266b)

Sponge-cake «Biskvitne
fruktove»

Figure 1. Hierarchical structure of sponge-cakes with using of syrup Ne95
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Syrup for impregnation Ne95 in the cakes

Sponge-creamy ||| Sponge cakes with [  Children sponge
cakes protein cream . cakes

Cake «Biskvitno- Cake «Biskvitnyj» Cake «Yagidka»
fruktovyj» (58) with protein cream [ :

and fruit topping (80) Cake «Yagidka»
(112a)

Sponge-nut cakes || -
Cake «Snizhynkay
(87) — Cakes with brewed

Cake
«Ghorihovyj»

Cake
«Ghorihovyj»

Cake
«Ghorihovyj»

semi-finished

Sponge cakes with
milk cheese cream

Cake «Zavarnyj»
27

Cake «Z. syrnym
kremom» (100)

‘I Crumbled cakes

Cake «Nichka»

Figure 2. Hierarchical structure of cakes with using of syrup Ne95

Fortified syrup for impregnation Ne96 in cakes

cakes

Sponge-creamy

Cake «Biskvitno-
kremovyj» (1a)

Cake «Biskvitno-
kremovyj (16)

Sponge-creamy
cakes with jam,
confiture and fuit

I

Cake «Berizka» (34)

Cake «Klyukva»

Cake «Kazka» (5)

Cake
«Podarunkovyj» (6)

Cake «Vesilnyj» (9)

Cake «Vesilnyj» (9a)

Figure 3. Hierarchical structure of cakes with using of syrup Ne96
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The main raw material of syrups for impregnation is sugar; water prepared. Raw materials,
which are used in syrups technology must meet the requirements of regulatory documents.

Sugar — a food which is purified and crystallized sucrose in a view of individual crystals
(crystal sugar) or separate pieces (pressed sugar). By organoleptic, physicochemical,
microbiological indicators and toxic elements, sugar must comply.

Materials and methods

The first stage — the preparation of infusions. Plant raw materials were minced into a size of
3x3 mm, suspensions of 4 g were placed into the glass bottles, were filled by 100 ml of alcohol
solvent with volume fraction of rectified ethyl alcohol 40 %. Bottles were closed by lids, were
placed in a thermostat for 48 hours at 40 °C. The resulting infusions were cooled to 20 °C. Then
infusions were filtered.

The indicator of active acidity pH was measured on the pH-meter pH 150MI with a combined
glass electrode ESK-10603. ORP was measured on the pH- meter pH 150M with a combined glass
electrode ESK-10603.

Potential of hydrogen (pH) is a quantitative characteristic of acidity or alkalinity of the water
environment, which is determined by the activity of hydrogen ions (a;') or otherwise, the ratio of
the ions concentration of hydronium H;O" and hydroxyl OH", while the acidity and alkalinity
characterize the quantitative content in the aquatic environment of substances, which can neutralize
in accordance to alkali and acid [9-12].

For not activated inorganic solutions in steady state, there is a right formula that relates the rate
of active acidity of pH and RP [1]:

Ehyin = 660-60-pH, mV (1

where Eh,;;, — minimal theoretically expected meaning of the RP;
pH —active acidity of tested solution.

Acquired meanings of Eh,;, were compared with the actual measurements of Eh, of solution.
The shift of RP to the side of the recovered meanings — recovery energy (RE) was determined by
the formula:

RE = EhyyyEhy, mV )

where RE — the shift of RP to the side of recovered meanings (resilence);
Eh,;, — minimal theoretically expected meaning of RP;
Eh, — actual measured RP.

The size of pH is in the range from 1 to 14, if in the water there is a reduced content of free
hydrogen ions (pH> 7) compared with ions OH’, the water will be alkaline, and with a high content
of H' ions (pH <7) — acid. In cases, when the water — neutral, on this pH=7.

RP — an indicator of biological activity of solutions [2], which describes a deviation in the
liquid environment from ion balance of free electrons [3].

Changing of the concentration of free electrons leads to a change of its electron charge and
into accordance to RP [3]. If the RP is positive, it indicates the oxidative abiliity of the solution, and
the negative — the recovery. Thus, the size of RP allow to evaluate the energy of processes, namely
the activity of ions in the RR [2].
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During redoxometry (metering by the platinum electrode into camparison with silver chloride
electrode) RP of internal environment of organism of healthy person has meaning less than zero (-
100...-200 mV). By this RP of drinking water from the city water network, depending on the place
of watershed, season, water system (except electrochemical activation) is always above zero
(+100...+ 400 mV).

These differences of RP of internal environment of the human body and drinking water means
that the activity of electrons in the internal environment is much higher than the activity of
electrons in water. Herewith, in the body the necessary change of RP of drinking water is held, due
to electric power consumption of cell membranes, namely the highest level of energy, energy,
which actually is the end product of the biochemical chain of transformation of nutrients. The
amount of energy, expended by the body to achieve biological compatibility of water, is
proportional to its amount and the difference of RP of water and internal environment [4].

Except of drinking water, person consumes aquacous and aqueous-alcoholic solutions, food,
RP which is positive. When such products reach into the tissues, the subtracting of electrons from
cells and tissues that consist of 80-90% of water occurs. As a result, the biological structure of the
organism (cell membranes, organelles of cells, nucleic acids, etc.) subjects to oxidative destruction,
body wears down, ages, vital organs lose their function.

When aqueous solutions or foods with negative RP, similar to the meaning of RP of internal
environment of the human body, enter into the body, the electrical energy of cell membranes are
not spent on correcting the activity of electrons of these aqueous solutions or foods, therefore, the
products are immediately assimilated, because they have biological compatibility on this
parameter.

If aqueous solutions or foods have more negative RP than RP of internal environment, they
fed it by this energy, which is used by cells as an energy reserve of antioxidant protection of the
body from the adverse effect of the environment [7].

So, if the human body optimally uses aqueous-alcohol solutions and foods in metabolic
processes, the meaning of RP must conform the meaning of RP of internal environment of
organism or has more negative meanings.

The second stage — cooking of syrup. Sugar was leaded into the boiling water at a ratio weight
of 1:1,1 and boiled it to the density of 1,22-1,25 kg/dm’ at constant stirring with removing foam,
received syrup was cooled to the temperature of 20 °C and was filtered. Blending of sugar syrup
was carried out with the addition of rum essence, brandy 3* and (or) plant AAL In the result, the
transparent viscous syrup with humidity of 46-54% with rum, cognac flavor, with notes of plant
raw material was got, which was extracted into the added extracts [5].

According to the research the tasting evaluation was conducted and the most optimal
composition of syrup formulation for impregnation was determined.

Results and discussions

As a control, vodka «Khortytsya» and brandy «Shabo» 3* were used.

During the study all plant AAI are grouped by antioxidant activity, infusions of low
activity (from 0 to 100 mV); infusions with middle activity (from 100 to 200 mV);
infusions with high activity (from 200 mV and higher).

Improvement of syrups for impregnation of confectionery products by AAI from plant
raw materials.

For the study, 12 samples were selected from plant raw materials — fruits, roots, leaves,
flowers (Figure 4).

After all stages of infusion preparations, which are shown in Figure 5, the researches of
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them were carried out by organoleptic and physicochemical indicators [6].
The samples were evaluated by organoleptic characteristics. The results of organoleptic
evaluation of infusions are presented in the table 7.

Table 7
Organoleptic characteristics of vodka extracts from plant raw materials
Ne Name Color Smell Taste Ove‘r all,
point
Vodka burning, synthetic
0 (control) transparent alcohol aftertaste 9,610
Ginger feculent, light- alcohol, brightly bitter, burning,
1 . ; expressed, . 9,630
infusion yellow . intense
gingery
Apple transparent, a faint smell of
2 infusion light-strawed alcohol, fresh savorless, sour 9,650
transparent, Sour-bittered,
3 Strawberry saturated berry-alcohol, astringent 9,640
fruits infusion yeast
yellow aftertaste
4 Infusion of transparent, tart, wood bitter, tart, 9,510
cherry leaves | yellow-green saturated
Infusion of transparent
5 srawberry P ’ rubber spicy 9,620
brown
leaves
Herry fruits transparent, . .
6 infusion light-pink light cherry of fresh fruits 9,650
7 C‘“ar?“’“ ruby-brown cinamon tart, oak 9,625
infusion
Hibiscus . . sweet and sour,
8 infusion ruby-saturated brightly fruit tart, 9,670
9 | Elder infusion | ceulent, gray- carthy of mushrooms, 9,645
purple sweet
Buckthorn transparent, . L Easy bitter taste,
10 infusion light-strawed bright, fruit, oily acerbity 9,635
Rowan transparent, . .
11 infusion light-pink alcohol, plant light bitter, tart 9,655
Guelder rose Transparent, . . soft, tart, bitter
12 infusion slightly orange light medical aftertaste 9,600
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Figure 4. Samples of plant raw materials:
a —ginger root; b —apple fruits; ¢ — strawberry fruits; d —cherry leaves; e — strawberry leaves, f—
cherry fruits; g — cinamon; h — Hibiscus flowers; i — elder fruits; j — buckthorn fruits; k — guelder rose

fruits; 1 — rowan fruits
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Figure 5. The AAI from plant raw materials and control

The results of measurements and calculations of indicators of antioxidant capacity of
samples are given in table 8. Samples are presented in order of increasing of its energy
recovery.

The control sample at t=20 °C has meaning pH — 7,65, Eh,;;,=201,0 mV, Eh,,=274,0
mV, RR=-73 mV. Control organoleptic properties: color — colorless; flavor — alcohol; taste
— moderately hot, empty.

The level of pH for AAI have meaning from 2,985 (Sudan rose) to 7,605 (ginger root),
that infusions have reactions from acidic to slightly alkaline.

The minimal theoretically expected meaning of RP Eh,,;, for plant infusions have
meaning of 203,0 mV (ginger root), to 480,9 mV (Sudan rose), and the actual measured RP
solution Eh,, from 82,0 mV (strawberry leaves) to 246,0 mV (ginger root). Thus, the
minimal meaning of the recovery ability (RE) is -42,3 mV and typical for ginger root, and
the highest meaning is 266,0 mV AAI from the guelder rose fruits.

Table 8
Indicators of redox capacity of AAI plant at t=20 °C

Raw Org | pH Ehpin | Ehye | RE
Vodka (control standard) 9,610 | 7,650 | 201,0 | 274 -73,0
Ginger infusion (root) 9,630 | 7,605 | 203,7 | 246 -42.3
Elder infusion (fruits) 9,645 | 7,505 | 209,7 | 122 | 87,7
Apple infusion (fruits) 9,650 | 5,640 | 321,6 | 233,5 | 88,1
Cinnamon infusion (bark) 9,625 | 5,960 | 302,4 | 169 1334
Strawberry infusion (fruits) 9,640 | 4,770 | 373,8 | 228,5 | 145,3
Strawberry infusion (leaves) 9,620 | 6,945 | 243,3 | 82 161,3
Cherry infusion (leaves) 9,510 | 6,470 | 271,8 | 100 171,8
Rowan infusion (fruits) 9,655 | 4,995 | 360,3 | 126 2343
Cherry infusion (fruits) 9,650 | 4,400 | 396 148,5 | 247,5
Hibiscus infusion (flowers of Sudanese rose) | 9,670 | 2,985 | 480,9 | 220,5 | 260,4
Guelder rose infusion (fruits) 9,600 | 4,325 | 400,5 | 134,5 | 266,0
Buckthorn infusion (fruits) 9,635 | 3,760 | 434,4 | 152 282,4
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Hence, investigated plant material, depending on the antioxidant activity can be divided
into the following groups:

— infusions of low activity — 3 samples (25%), including ginger root, apple fruits,
elderberry fruits;

— infusions of middle activity — 4 samples (33%), of which the lowest meaning is 133,4
mV of cinnamon, and most — 171,8 mV has cherry leaves;

— infusions with high activity — 5 samples (42%), of which rowan —234,3 mV, cherry —
247,5 mV, Sudanese rose — 260,4 mV, guelder rose — 266,0 mV and buckthorn — 282,4
mV.

The tracker of physicochemical characteristics of plant extracts is shown in Figure 6 —
in ascending order of recovery energy.

Graphical dependence of organoleptic indicators of plant infusions and their recovery
energy (antioxidant capacity) is shown in Figure 7 — in order of increasing of recovery
energy.
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Figure 6. Graphical dependence of physicalochemical indicators of AAI of raw plant materials

269

—— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 2



Food Technologies

[ |
350 ‘I:I Org —o—RE‘ - 9,68
300 - s 9,66
250 mE /o_;,o—<’°‘ 1964
200 T ] 9,62
> — /t/ =
es0| [| || [ || 1 tot+T°] - 1 9,60 5
1004 || ||, - D H ] [ess s
so | || (/0 T O I O S S I R YT
0 ‘ ‘ 9,54
- —_ —_ « L L -— — L «
e Lyl 2| 1218 (55| 3 (2|2 Las || o
wo 6 g lSl (2l 12lg 1818 I [El8l8g8 |13 1lgs
- oS c = = € % % ~ 0o ~ e I 8E c o ’
~c O c c = X¥Eg0ec Y = c c ES5E45=T 2
Es8s v & 9 5§58x5x> c 2 6 £EAaoLETS
Th 3 7] » 2L E2E® o [ ' 0w ®S5S 0 &
0 = S s £ ool G S S 3 090 Ec —
> = ‘E ‘E @© o o>~ 5 ‘e s 0 g - =¥
= £ £ 5 3 3 £ £ E 2857 %
S 5 e £ 8 8 £ £ 5 2883 >
£ 3 29 5 3 & § fIseg o
o w < g ncé 5 o
o

Figure 7. Graphical dependence of organoleptic indicators and recovery energy of plant AAI

Thus, extracts of elder, cherry, Sudanese rose, guilder rose and buckthorn showed the
most important antioxidant capacity. Herewith, they received a relatively high points by its
organoleptic characteristics.

Infusions of plant raw materials include the most important micronutrients, providing
strong antioxidant properties.

Polyphenolic substances strengthen blood vessels, so products with syrup can be
recommended for the diets of people with heart failures. Antioxidant properties of the
product are also increased due to the polyphenolic compounds. So, the product has
radioprotective effect. Minerals improve the blood, maintain acid-alkaline balance,
strengthen the cardiovascular system and help to resist infectious diseases. Vitamin A
neutralizes viruses, and also has anticarcinogenic effect.

Thus, infusions from raw plant materials are recommended in technology of decorated
semi-finished products in the confectionery industry to provide them with functional and
health properties [8].

Improving of syrup for impregnation Ne95.

Three samples of plant material infusions with the highest antioxidant properties
(Hibiscus, guelder rose, buckthorn) were used to improve syrup for impregnation of
confectionary by the compostion Ne95, which has a ratio of components — table 9.

The disadvantages of this composition of ingredients are: set meaning of RP of the
syrup, which must change the speed and the direction of RP in the body; predictable
(standard) organoleptic properties; increased cost.
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Table 9

The composition of syrup for impregnations Ne 95

Raw Content, wt. %
Sugar 45,51
Water 50,07
Rum essence 0,17
Brandy or dessert wine 4,25

The main task was to create a syrup for impregnation of confectionary products with
addition of plant AAI, which allow to increase the redox properties of the product, that will
increase the immunity of the human body, will improve the metabolism, will affect
positively on the cardiovascular system, except these, will provide finished products with
improved consumer properties and will reduce the cost of the finished product by replacing
of the part of brandy into the plant AAI

Syrups were prepared on the base of composition Ne 95 with different ratios of
components, which differs from classic composition by using of brandy and additionally —
AAI of buckthorn or Sudanese rose, or guilder rose for blending of syrup, the results of
which are presented in table 10.

Table 10
The ratio of syrup components
Recipe components, wt. %
3¢
gz
£3
& ¥ = £
5 > | o &S
Ne 5 5 2 T | =< Conlusions
%‘) «< 3] ] .g :, %
| 7 | E| & |£E2
= S Do
=4 22 °
g =
= &
==
<3
The composition of the recipe provides the
receiving of syrups with satisfactory
1 | 4546 | 50,01 | 0,15 | 4,00 | 0,38 | physicochemical and organoleptic indicators, but
it is not enough tenriched with biologically active
substances
2 14548 | 50,03 | 0,16 | 3,00 | 1,33 | The composition of the recipe provides the
4550 | 50,05 | 0.17 | 2,00 | 2.8 recievingof syrups Wlth good phyS}cochemlcal
and organoleptic indicators, but it is enough
4 | 45,521 50,07 | 0,18 | 1,00 | 3,23 enriched with biologically active substances
The composition of the recipe provides the
receiving of syrups with satisfactory
5 | 4554|5009 0.19| 0,00 | 4,18 physwochequl and or'gan(')leptl'c mdlcatqrs, but
it is enough enriched with biologically active
substances, but with degraded organolaptic
indicators
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The problem is solved by the way, that the composition of the syrup consists of sugar,
water, essence of rum, brandy and plant AAI, into the ratio of components, the results of
which are presented in the table 11.

Table 11

The composition of improved syrup formulations for impregnation of confectionery products
(Pat. 110712 Ukraine)

Raw Content, wt. %
Sugar 45,48-45,52
Water 50,03-50,07
Rum essence 0,16-0,18
Brandy 1,00-3,00
AAI of Sudanese rose, guilder rose or buckthorn 1,33-3,23

Consequently, the proposed composition of the syrup for impregnation of
confectionery products, with the addition to the formulation of plant AAI can increase the
redox properties of the finished product, it will provide it with improved consumer
properties and will reduce the cost of the finished product.

The improving technology of fortified syrup Ne 96.

The famous fortified syrup composition for impregnation of confectionary products by
the composition Ne 96 with the ratio of the components is presented in Table 12.

Table 12
The recipe composition of syrup for impregnation of confectionary products Ne 96

Raw Content, wt.%
Sugar 43,35
Water 47,68
Rum essence 0,16
Brandy or dessert wine 4,05
Brandy 4,76

The disadvantages of this composition of ingredients are:

— set meaning of the RP of syrup, which must change the speed and the direction of
redox processes in the body, regulate the biological activity and slow down the negative
processes in the human body;

— predictable (standard) organoleptic properties;

— increased costs.

The main goal is to create fortified syrup for impregnation of confectionary products
with addition of plant AAI, which will increase the redox properties of the product and will
increase the immunity of the human body, will increase its opposition to harmful
environmental factors, will improve metabolism, will improve the cardiovascular system,
besides these, will provide the finished with improved consumer properties and will reduce
the cost of the finished product, due to the replacement of brandy for fortifying for plant
aqueous-alcoholic extracts .
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Syrups were prepared on the base of formulation Ne 96 with different ratios of
components that differ from classic formulation, so that for fortifying of syrup, AAI of
buckthorn, Sudanese rose or guelder rose were used.

Making of syrup was begun with the fact, that sugar was leaded into the boiling water
at a weight ratio of 1:1,1 and was boiled down to the density of 1,22-1,25 kg/dm® with
constant stirring, removing the foam, the obtained syrup was cooled to 20 °C and was
filtered. Blending of syrup was carried out with the addition of rum essences and brandy 3*.
At the end, the fortifying of the received syrup was carried out by plant AAI of buckthorn,
Sudanese rose or guelder rose.

Results of the study are presented in table 13.

The goal is solved in, so that to the part of the fortified syrup, sugar, water, rum
essence, brandy or dessert wine are included, and for fortifying of syrup, plant AAI by the
formulation is used, in the ratio of components, is presented in the table 14.

Consequently, the proposed composition of fortified syrup for impregnation of
confectionery products, by the addition to the formulation of plant AAI can increase the
redox properties of the finished product, it will provide its with improved consumer
properties and will reduce the cost of the finished product.

Table 13
The ratio of the components of fortifying syrup
Recipe components, wt. %
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The composition of the recipe provides the
receiving of syrups  with  satisfactory
1 |43,32|47,65| 0,15 | 5,88 3,00 physicochemical and organoleptic indicators, but
it is not enough enriched with biologically active
substances

2 143,34 | 47,67 | 0,16 | 4,83 4,00 The composition of the recipe provides the

recievingof syrups with good physicochemical
43,36 | 47,70 | 0.17 | 3.77 3,00 and organoleptic indicators, but it is enough

4 | 43,38 |1 47,72 | 0,18 | 2,72 6,00 enriched with biologically active substances

The composition of the recipe provides the
receiving of syrups with  satisfactory
physicochemical and organoleptic indicators, but
it is enough enriched with biologically active
substances, but with degraded organolaptic
indicators

5 143,40 | 47,74 | 0,19 | 1,67 | 7,00
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Table 14
The composition of improved syrup composition for impregnation of confectionary products
(Pat. 110713 Ukraine)

Raw Content, wt. %
Sugar 43,34-43,38
Water 47,67-47,72
Rum essence 0,16-0,18
Brandy or dessert wine 2,72-4,83
AAI of buckthorn, cherry or rowan | 4,00-6,00

Conclusions

1. Theoretically reasonable prospect of using plant infusions in the manufacture of
syrups for impregnation of sponge semi-finished products.

2. The antioxidant activity of infusions from plant raw materials on aqueous-alcoholic
and wine-cognac raw materials was investigated.

3. The most promising sources of natural antioxidants for using of syrups technology
for impregnation in the confectionery industry were defined.

4. The rational proportions of plant syrups for impregnation of confectionery products
were defined.

5. The syrup formulations for impregnation of sponge semi-finished products were
developed and patented.
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Introduction. Food safety is one of the problems facing
sub-Sahara African countries like Nigeria. The use of
wholesome indigenous crops and improved methods of
production of major foods is a way forward.

Materials and methods. A factorial research design
was used to obtain eight samples of cassava and sweet potato
gari from three modifications of the traditional production
method for gari. Effects of these methods on the physical,
chemical and sensory properties of the gari were evaluated
using standard methods.

Results and discussion. The results revealed that the
inclusion of sweet potato significantly (p<0.05) influenced
the proximate composition of the cassava-sweet potato gari
and the values are also within the recommended levels for
quality gari. Moisture content ranged from 10.10 to 12.30%,
crude fibre 1.93 to 1.98%, ash content 1.13 to 1.31%, protein
content 1.43 to 4.29%, and carbohydrate content 78.11 —
83.59%. The cyanide contents ranged from 0.58 to 2.16
mg/100 g, with 100% cassava gari having the highest while
100% sweet potato gari recorded the lowest. A decrease in
porosity from 40 + 2 % for the 100% cassava gari to 27.33 +
2 % for sweet-potato gari was observed. The particle size of
the sweet potato gari had the highest angle of repose of 38°
while 100% cassava gari recorded the lowest angle of repose
(29°). The swelling index of the samples ranged from 330 to
450% and100% sweet potato gari had the highest loose and
packed densities. The sensory evaluation results showed that
the cassava sweet potato (10%) gari was rated the best for
colour (8.07), texture (7.67), and aroma (6.87), while 100%
cassava gari had highest value for taste (7.47), and both
shared the highest value (7.60) in overall acceptability.

Conclusions. The study showed that 10% sweet potato
can traditionally be added to cassava for quality gari

production.
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Introduction

Cassava is a tropical root crop, requiring at least eight months of warm weather to
produce [21]. In sub-Saharan Africa, cassava is processed using methods which improve its
food safety limitations. It is mainly a subsistence food crop grown for food by small-scale
farmers; the surplus is sold. Roots can be harvested between 6 months and 3 years after
planting [15]. Cassava has multiple uses: it is consumed in many processed forms, used in
the industry and also as livestock feed [5]. Its roots are made into granular flours. Flours are
of three types, yellow gari, white gari, or intermediate colour, with yellow gari considered
the best product in Nigeria. Gari is a granulated product, made from the lactic acid
fermentation of cassava roots, and cherished by urban consumer because of its
convenience, long shelf life and its ready-to-eat form [17, 25, 6]. Unit operations involved
include peeling, washing, grating, dewatering, fermentation, and roasting [29]. The
resulting dry granular gari can be stored for a long period. It may be pound or ground to
make fine flour. It comes in various particle size, categorized as: rough, medium, and fine.

Sweet potato ([pomoea batatas) is a hardy and nutritious staple food crop, which is
grown throughout the humid tropical and subtropical regions of the world, from sea level to
2,700m altitude [32]. It has short growing period of 90-120 days [31]. The crop requires
just sufficient water and attention for their cultivation. The tuberous root features
oblong/elongated shape with tapering ends and has smooth outer skin whose color ranges
from red, purple, brown, and white, depending on the variety [34]. Sweet potato does not
have the cyanogenic limitation associated with cassava, yet less recognised than the latter.
This can be attributed to its relatively lower level of utilization. Nutritionally, sweet potato
is one of very high caloric foods (provides 90 calories/100g vs. 70 calories/100g of potato),
a rich source of dietary fibre, antioxidants, vitamins, and minerals. It is a good source of
vitamin A [28]. However, sweet potato is yet to be recognized as a vital ingredient in food
production and safety.

The use of sweet potato and cassava to produce gari has been discovered to be
technically feasible [18, 24]. However, there still lies a drawback in the area of sensory
properties of the obtained product. This problem can be attributed to the enzymatic
browning of the polyphenolic compounds in the tubers of sweet potato. This is yet the main
limitation in the acceptability of sweet potato gari by the potential consumers [24]. There
have been efforts to solve this problem but with little or no success. Therefore, the aim of
this work was to study the effect of different production methods on the physical, chemical
and sensory properties of gari produced from cassava roots and sweet potato tubers.

Materials and methods

The bitter cassava TS53201 (Manihot esculenta crantz) and yellow fleshed sweet
potato tubers roots were obtained from the Teaching and Research Farm, Faculty of
Agriculture, University of Ilorin. They were processed few hours after harvesting.

Preparation of Lime-Sodium Metabisulphite Solution

Fresh lime (Citrus aurantifolia) fruits were cut into halves to extract the juice. The
juice was then clarified using a sieve and 160 ml of this was made to 5 litres with water. A
solution containing 35 g of sodium metabisulphite (food grade) in 5 litres was prepared.
The lime and sodium metabisulphite solutions were mixed together and then further diluted
with water up to 20 litres.
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Production of Cassava-Sweet Potato Gari

The method described by [24] was used with few modifications. The modifications
included pretreatment of sweet potato to prevent enzymatic browning, and cassava-sweet
potato mixing at different stages in the course of production, as this forms the basis of the
difference in the production methods to be studied. The research method adopted is
presented on Table 1. The cassava roots and sweet potato tubers were washed with clean
water to remove soil and adhering dirts, and then peeled separately with sharp knives into
separate bowls. Peeled cassava roots were further washed in clean water to remove any
adhering dirts, while the peeled sweet potato tubers were immersed in lime-sodium
metabisulphite solution for 20 minutes to prevent enzymatic browning.

For Production method 1:

After washing, some of the peeled cassava roots and sweet potato tubers were taken
and mixed according to these proportions: 90% cassava and 10% sweet potato, 80%
cassava and 20% sweet potato. Then the two resulting mixtures were grated separately. The
remaining sweet potato and cassava were also grated separately. The grated cassava-sweet
potato mash of each ratio was then bagged in a porous jute bag as well as the mashes of
pure cassava and sweet potato in separate jute bags. The bags were tied and the mashes
were left for fermentation for three days.

After three days, the mashes were put under hydraulic press and dewatered for two
days. The resulting grits were then broken and sieved using a local sieve with an aperture
(square holes) of about 2 mm?.

For production method 2:

Some of the grits from the 100% sweet potato and 100% cassava grits were again
taken and mixed according to the same proportions (i.e., 90% cassava and 10% sweet
potato, and 80% cassava and 20% sweet potato). At this point, there were six samples, all
of which were then roasted separately. The resulting gari samples were then allowed to
cool at ambient temperature.

For production method 3:

Again, two more mixes were prepared by mixing some of the 100% cassava gari and
100% sweet potato gari, according to the same proportions (90% — 10% and 80% — 20%).
The remaining 100% cassava gari and 100% sweet potato gari were left unmixed, now
making a total of 8 mixes. Figure 1 represents the flow chart of the three production
methods.

Table 1
Research Method of Cassava-Sweet Potato Gari

Treatments Cassava (%) | Sweet Potato (%) | Point of Mixing
C100SPy 100 0 No mixing
CoSPoo 0 100 No mixing
CoSP;o (M1) 90 10 Just before grating
CgoSP, (M1) 80 20 Just before grating
CoSP1o (M2) 90 10 Just before roasting
Cg0SP, (M2) 80 20 Just before roasting
CoSP1o (M3) 90 10 After separate production
CgoSP, (M3) 80 20 After separate production
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Figure 1. Flow Chart for the production of Cassava-Sweet Potato Gari

Percentage yield of Cassava and Sweet Potato Gari

The method described by [23] was used to determine the percentage yield of the
products. Cassava and sweet potato roots were weighed prior to peeling. Immediately after
roasting and cooling, the gari samples from both 100% cassava and 100% sweet potato
were weighed, and the percentage yields were calculated using this formula 1 below:

. ohtof eari .
% Yield of gari from cassava and sweet potato = .W:tg fto ‘fal:l ;)btame(li‘ -100% (1)
weightofrootsbefore peeling
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Determination of chemical properties of Cassava-Sweet Potato Gari

Prosimate composition

Moisture content. This was determined by drying 2 g of each of the gari samples in
an oven at 105°C for about 2 hours. The difference between the weights before and after
drying was calculated as the moisture content [1].

Crude fibre content. The crude fibre content of the various gari samples was
determined by defatting (with petroleum ether) and boiling (with H,SO, and NaOH) 2 g of
the gari samples followed by incineration in a murfle furnace. The incinerated sample was
thereafter cooled in a desiccator [1].

Ash content. Gari sample (2 g) was incinerated in a murfle furnace to burn off all
organic components present. The residue left after the ashing was the ash content [1].

Crude protein. The protein content of the gari samples was determined by digestion
of 2 g of the sample followed by distillation and titration as described by [1].

Carbohydrate content. This was calculated by subtracting the sum of the percentage
contents of moisture, crude fibre, ash, crude protein and crude fat from 100%.

i.e., carbohydrate content = 100% — %(moisture + crude fibre + ash + crude protein +fat)
2

Crude fat content. This involved the extraction of 2 g of each of the gari samples in a
soxhlet apparatus with a petroleum ether, after which the samples were dried in an oven and
cooled in a desiccator. The weight lost during extraction was the fat content of the gari
samples [1].

pH Determination. The pH of the gari sample was determined using the method of
[2]. Each of the gari samples (10 g) was put into a 100 ml beaker and 100 ml of distilled
water was added to it. This was allowed to stay for a few minutes after which it was filtered
with a whatmann filter paper. The filtrate was then taken and tested using a standardized
pH meter. Triplicate values were obtained, the mean of which was then calculated.

Determination of total titratable acidity. The percentage total titratable acidity of
the gari samples was determined using the method described by [12]. Five grams of each of
the samples was dissolved in a beaker and made up to 100 ml with distilled water, then
allowed to stand for about 30 mins. The resulting suspension was filtered with a filter
paper, and 25 ml of the filtrate was taken and titrated against 0.1 M NaOH, using
phenolphthalein as indicator. The end point was obtained when the colour became pink.
The mean (TTA) was then calculated from triplicate values.

TTA (%) =0.005X x 100 = 0.01X, where X is the mean titre value.

Determination of hydrogen cyanide content. The residual hydrogen cyanide (HCN)
content of gari was determined using the method of [10]. Using this metod, thirty grams
(30 g) of gari was milled and homogenized with 250 ml of 0.1 M orthophosphoric acid.
The homogenate was centrifuged. The supernatant was taken as the extract; 0.1 ml of the
enzyme (linamarase prepared from the freshly harvested cassava roots) was added into 0.6
ml of the extract. The 3.4 ml of the acetate buffer (pH 4.5) was added and stirred to mix.
After which 0.2 ml of 0.5% chloramin-T and 0.6 ml of colour reagent were added and
allowed to stand for 15 min. for colour development. The absorbance value was obtained at
605 nm against a blank similarly prepared containing all reagents and 0.1 ml phosphate
buffer added instead of KCN.

Calculation. The data from the standard were used to obtain a standard curve and its
slope (b) by plotting absorbance values (Y-axis) against standard concentrations (X-axis).

The unknown mean absorbance (A) and the weight of the sample (w) were used to
calculate the residual hydrogen cyanide, using the formula:
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Residual cyanide = A x 250 x 0.4151 b x W and the unit in mg HCN equivalent kg
sample (formula 3). Where A is absorbance, b is the slope, and W is weight of sample.

Determination of Physical and Technological Properties

Swelling index. The method of [33] was used for the determination of swelling index
(SI) with slight modification. Ten grams (10 g) of the garisample was transferred into a
clean, dried, calibrated measuring cylinder. The gari was gently leveled by tapping the
cylinder and the initial volume recorded. Fifty milliliter (50 ml) of distilled water was
poured into the cylinder and allowed to stand for 4 h. The value for SI was taken as the
multiples of the original volume.

Water Absorption Capacity. The method of [30] as described by [3] was followed
for the determination of water absorption capacity. One gram (1 g) of gari was weighed
into an already weighed clean dried centrifuge tube. Twenty milliliter (20 ml) of distilled
water was poured into the centrifuge tube and stirred thoroughly; centrifuge at a speed of
3500 rpm for 45 min. The supernatant was discarded and the tube and its content
reweighed. The gain in mass was taken as the water absorption capacity.

Bulk density. The method of [8] was used for bulk density (BD) determination. Ten
grams (10 g) of the gari were transferred into 50 ml measuring cylinder. The cylinder was
tapped repeatedly for 5 min. The BD of the gari sample was calculated as the mass of gari
over the volume at the end of tapping. The mean value was recorded from triplicate
determinations

Sensory evaluation

A multiple — paired comparison test as described by [14] was used. Panelists were
selected from among gariconsumers. Fifteen panelists were made to assess the gari samples
in the dry particulate form for taste, colour, aroma, sourness, texture, and overall
acceptability. The cassava-sweet potato gari samples were made into “eba” and were
assessed by twenty panelists for aroma, taste, texture, colour, mouldability, and overall
acceptability. The gari samples were also assessed in soaked form for aroma, taste, texture,
colour, soakability and overall acceptability. In each case, the samples were rated according
to a 9-point hedonic scale of preference with ratings ranging from 1 (dislike extremely) and
9 (like extremely). The results of the evaluation were then subjected to statistical analysis.

Statistical Analysis

The Statistical Package for Social Sciences (SPSS version 16.0) was used to
statistically analyze the data generated from the experiments. The data were further
subjected to analysis of variance (ANOVA) to determine significant differences among the
samples, and the means were separated with a Tukey test.

Results and discussion

Percentage Yield of Cassava-Sweet Potato Gari Production

The percentage yields of the various cassava-sweet potato gari samples ranged from
20 to 28%, with 100% cassava gari having 20%, 100% sweet potato gari having 28% while
10% and 20% substitution level of sweet potato had 20.8% and 21.6%, respectively. [13]
reported 15-20 % conversion rate for cassava gari, while [24] reported 40-42% for sweet
potato gari. The difference between the 28% conversion rate obtained in this research work
and the 42% reported by [24] could be attributed to the difference in the moisture contents
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of the products which were 6.28-7.10% and 7.95-8.8% respectively. The difference could
also be as a result of factors ranging from tuber varieties, time of harvesting, age of plant, to
other environmental factors [13].

The proximate composition of the various cassava-sweet potato gari is presented in
Table 2. The moisture contents ranged from 10.10 — 12.30%. The 100% sweet potato gari
had the highest level of moisture content while the lowest was 100% cassava gari. There
was a significant difference (p<0.05) among the cassava-sweet potato gari samples and an
increase in the level of moisture content as the level of sweet potato incorporation increased
was observed (Table 2). This variation can be attributed to the difference in the production
methods. The highest moisture content recorded for 100% sweet potato gari could be
attributed to the fibrous nature of sweet potato which would make moisture removal during
roasting more difficult hence, longer roasting time requirement to obtain the same level of
dryness. Moisture content of 10% is recommended for storage of gari by Standard
Organisation of Nigeria [27].

The crude fibre contents of the cassava-sweet potato gari samples ranged from 1.93 to
1.98%. Cassava-sweet potato gari with 20% level of sweet potato of method one had the
highest crude fibre content while that of method three with 10% sweet potato incorporation
had the lowest value. The samples however did not differ significantly (p>0.05). Though
the expected increase in the level of crude fibre contents of the cassava-sweet potato gari
samples with increase in the level of sweet potato incorporation was not obtained, the
values are close to those (1.24—1.64%) recorded by [18] The deviation from the expected
trend might be as a result of the difference in the production method. Crude fibre through
its water absorption capacity has been found to aid bowel movement and aid digestion [4]
and therefore significant in diet.

The protein contents of the gari samples differed significantly (p<0.05) and ranged
from 1.43 to 4.29%. Cassava-sweet potato gari of method one which had 10% sweet potato
had the lowest crude protein content while that of method three with 10% sweet potato had
the highest amount. It was expected that the protein content would increase invariably with
increased level of sweet potato incorporation which was however not the case. This
deviation could be as a result of the effects of the different production methods on the
protein content of the cassava-sweet potato gari samples. However, [24] and [18] reported
protein contents of 1.27-2.38% and 2.56-3.07%, respectively for gari samples in their
research work. These are fairly similar to the values obtained in this study.

The fat contents of the various cassava-sweet potato gari samples ranged from 1.31 to
2.11%, and differed significantly among the samples (p<0.05). Gari from 90% cassava and
10% sweet potato and 80% cassava and 20% sweet potato from method one and three had
the highest and lowest fat contents respectively. These values agree with the 1.08 — 2.11%
reported by [24]. The variation in the level of fat content could be attributed to the effect of
the different production methods on the cassava-sweet potato gari samples. The ash content
of the cassava-sweet potato gari samples ranged from 1.13 to 1.31% and differed
significantly (p<0.05). Cassava-sweet potato gari with 20% sweet potato incorporation of
method one had the highest level of ash content while 100% cassava gari had the lowest.
These values fall within the range of values (0.12-0.48%) and (1.40—1.82%) reported by
[24] and [18] respectively. The cassava-sweet potato gari of method one with 80% cassava
and 20% sweet potato recorded the highest value probably due to the level of sweet potato
in it. Ash content is a representation of mineral content in food.Therefore the cassava-sweet
potato gari will be a good source of minerals which are essential in many biochemical
reactions of the body.
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There was a significant difference (p<0.05) in the carbohydrate contents of the
cassava-sweet potato gari samples. Gari from 10% sweet potato of method one (mixing
just before grating) had the highest carbohydrate content while 10% sweet potato gari of
method three (mixing just before roasting after grating) had the lowest. The carbohydrate
content of the cassava-sweet potato gari (78.11 — 83.59%) are close to the 82.53 — 87.10%
reported by [24]. Except for method 3, there was a decrease in the carbohydrate content of
the cassava-sweet potato gari with increased level of sweet potato incorporation which
suggests that the cassava roots used had more carbohydrate content than the sweet potato
used, or sweet potato incorporation increased level of fermentation which consequently
resulted to higher level of carbohydrate break down. This might be as a result of higher
sugar content in sweet potato which is the main substrate for fermentation. Sweet potatoes
contain simple sugars such as glucose, fructose, sucrose and maltose which make up about
32% of its carbohydrate content [20]

The values obtained for the total titratible acidity (TTA) and pH are shown in Table 3.
There was a significant (p<0.05) difference among the samples in terms of TTA. The
values ranged from 1.36 to 1.70%. Sweet potato gari (100%) had the highest TTA while
10% sweet potato gari of method 3 had the lowest. This could be attributed to the high
level of free sugar in sweet potato which increased its tendency to readily undergo lactic
acid fermentation. There was a significant (p<0.05) difference in the pH values obtained for
the cassava-sweet potato gari samples (Table 3). The values ranged from 4.65 to 4.90.
These were within the range of values (4.42—5.98) reported by [27] for gari samples. The
pH of gari is also a function of the extent of fermentation. The lower the pH, the better will
be the keeping quality of gari.

There was a significant (p<0.05) difference among the cassava-sweet potato gari
samples in terms of hydrogen cyanide (HCN) content (Table 3). Cassava gari (100%) had
the highest HCN content while that of 100% sweet potato had the lowest. Table 5 shows the
HCN contents of the various cassava-sweet potato gari samples. The highest level of HCN
obtained for 100% cassava gari could be attributed to the high content in the raw cassava
root. Sweet cultivars of cassava can produce as little as 20 mg of HCN per kg of fresh roots,
while bitter ones may produce more than 50 times as much [14] The value obtained would
be far less than what was in the raw cassava root as a result of the detoxification brought
about by fermentation [22] tissue disintegration (Hahn et al., 1987), dewatering, roasting,
etc., in the course of production.

The physical and technological properties of cassava-sweet potato gari samples are
shown in Table 4. The swelling index of the samples ranged from 330 to 450%, with 20%
cassava-sweet potato gari of method 2 having the highest value and that of 100% sweet
potato had the least. These values agreed with those (301-430%) reported by [24] The high
values can be attributed to the dryness of the gari samples as indicated by the low moisture
content (6.28—7.01%). Swelling index indicates the ability of the gari to swell and this is
influenced by the quantity and starch components (amylose and amylopectin) present in the
gari. Swelling index has been shown to give a greater volume and more feeling of satiety
per unit weight of gari to a consumer and a swelling index of at least 3.0 (300%) was
recommended to be preferred by consumers [9, 7).
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Table 2

Chemical Properties of Cassava-Sweet Potato Gari
Samples Moisture | Crude Fibre | Ash | Protein | Fat CHO
(%) (%) (%) ) | (%) | (%)
C100SP, 10.10° 1.95° 113" | 1.84" | 1.41" | 83.57°
+0.01 +0.01 +0.01 | +£0.02 | £0.01 | +0.25
CoSP1g0 12.30° 1.93° 1.19° | 1.81° | 1.42* | 81.30°
+0.01 +0.01 +0.02 | +£0.01 | £0.01 | +0.54
CooSP1o(M1) | 10.50° 1.96 1187 | 1.43% | 1.34™ | 83.59°
+0.02 +0.01 +0.02 | +0.03 | +0.02 | +0.01
CgoSPy(M1) | 11.207 1.98* 115 | 2.05° | 1.31™ | 82.49°
+0.01 +0.01 +0.01 | +£0.04 | £0.01 | +0.05
CooSP1o(M2) | 10.16™ 1.95° 1.14* | 2.01* | 1.33° | 83.41°
+0.01 +0.01 +0.01 | +0.02 | £0.01 | +0.16
CsoSP(M2) | 10.907 1.96 1.30° | 1.56* | 1.44° | 82.84°
+0.01 +0.01 +0.02 | +0.03 | £0.05 | +0.41
CooSPo(M3) | 12.25° 1.93* 1319 | 429" | 2.11% | 78.11°
+0.01 +0.02 +£0.01 | +£0.01 | £0.05 | +0.01
CgoSP(M3) | 10.24™ 1.97° 1.207 | 3.14° | 1.88° | 81.57™
+0.04 +0.01 +0.01 | +0.02 | £0.03 | +0.02

In each of the columns, any means not followed by the same superscripts are significantly
different (p<0.05)

KEYS: C4SPy: 100% cassava gari

CoSPg0: 100% sweet potato gari

CooSP 1o (M1): 90% cassava, 10% sweet potato gari mixed before grating

CgoSP,o (M1): 80% cassava, 20% sweet potato gari mixed before grating

CooSP 1o (M2): 90% cassava, 10% sweet potato gari mixed before roasting

CgoSPyo (M2): 80% cassava, 20% sweet potato gari mixed before roasting
CooSP 1o (M3): 90% cassava, 10% sweet potato gari mixed after roasting CgoSP,g
(M3): 80% cassava, 20% sweet potato gari mixed after roasting

Table 3
Other Chemical Properties of Cassava-Sweet Potato Gari

Samples TTA pH HCN

(%) (mg/100 g)
C100SP, 1.60°+0.05 | 4.75"+0.05 | 2.16°+0.01
CoSP 100 1.70°£0.05 | 4.90°+0.00 | 0.56°+0.05
CooSP1o (M1) | 1.49°%+£0.04 | 4.70°+4.65 | 2.11°+0.01
CgoSP,o(M1) | 1.417°£0.01 | 4.65°+0.05 | 1.07 +0.01
CooSP1o(M2) | 1.36™+£0.01 | 4.65+0.05 | 1.22°+0.01
CgoSP2(M2) | 1.54°+0.01 | 4.70°£0.00 | 1.319+0.01
CooSP1o(M3) | 1.27°+0.03 | 4.70°+0.00 | 0.74°+0.01
CgoSP2(M3) | 1.46°9+0.00 | 4.70*£0.00 | 0.58°+0.04

In each of the columns, any means not followed by the same superscripts are significantly different
(p<0.05)
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Table 4
Physical andTechnological Properties of Cassava Sweet Potato Gari
Samples Swelling index | Loose Bulk | Packed Bulk | Water Holding
(%) Density Density Capacity
(g/em’) (g/em’) (ml/g)
Cy00SPy 370 0.50 0.53 7.2
CoSPoo 330 0.63 0.67 6.6
CyoSPyy (M) 340 0.48 0.53 6.3
CgoSPy (M) 400 0.53 0.56 6.8
CyoSPy (M) 380 0.53 0.59 5.7
CgoSPy (M) 450 0.56 0.59 7.5
CyoSPyy (M3) 400 0.53 0.56 7.1
Cg0SP (M3) 390 0.50 0.53 6.8

The loose and packed densities of the gari samples fell within 0.50-0.63 g/ml and
0.53-0.67 g/ml, respectively. The highest bulk density was obtained for 100% sweet potato
gari sample while the lowest was recorded for 10% sweet potato substituted gari sample of
method one. These can be compared with the values (0.50 — 0.58 g/ml) reported by [18].
Sweet potato gari (100%) had the highest loose and packed densities. This can be attributed
to its finer particle size, as was observed from the hand feels of the various gari samples.
This resulted to lesser space between the particles and more compactness, thereby reducing
the volume; and the lesser the volume, the more the density. Except for method three, there
was increase in the level of bulk density with increased level of sweet potato incorporation,
which once again suggests the effect of the different production methods on the cassava-
sweet potato gari. Higher packed bulk and loose bulk densities mean that more quantity of
gari can be packed than for the same specific volume of lower densities [11].

Cassava-sweet potato gari of method two with 20% sweet potato had the highest water
absorption capacity of 7.5 ml/g while that of method two with 10% sweet potato had the
lowest (5.7 ml/g). The values are close to the values (7.70 — 8.16 ml/g) reported by [18].
The 80% cassava and 20% sweet potato gari from method two which had the highest water
absorption capacity also recorded the highest swelling index.

The results of the sensory evaluation are presented in Tables 5, 6 and 7.

Table 5
Results of Sensory Evaluation of Cassava- Sweet Potato Gari
Sample Aroma | Sourness | Taste | Texture | Colour | Overall Acceptability
C100SP, 6.60° 6.677 | 7.47° | 7.20 | 7.40° 7.60°
CoSP1oo 3.93° 413" | 447 | 533" | 2.60° 4.00°
CooSP1o(M1) | 6.87° 6.87° | 7.20° | 7.67° 8.07° 7.60°
Cg0SPy (M1) | 6.00° 553" | 633" | 6.67 | 6.87° 6.67°
CooSP1o (M2) | 6.33° 593" | 633" | 6.20™ | 5.93°4 6.33°
CgoSP2 (M2) | 6.33° 6.07° | 6.93° | 6,73 | 5.47™ 6.93°
CooSP1p (M3) | 6.53° 6.53° | 7.07° | 6.53™ | 6.73"F 7.13°
CgoSP2 (M3) | 6.13° 5677 | 6.20° | 6.00° | 5.20° 6.33°

In each of the columns, the samples whose means are not followed by the same superscripts are
significantly different (at p<0.05)
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Table 6
Results of Sensory Evaluation of Cassava-Sweet Potato Eba
Samples Aroma | Taste | Texture | Colour | Mouldability Overall
Acceptability
C100SP, 6.75° | 695 | 6.85 | 6.90™ 6.65" 7.05%
CoSP1oo 410" | 465" | 545 | 3.20° 5.55° 4.20°
CooSPio(M1) | 6.95° | 7.05° | 7.30° 8.10° 7.45° 7.90°
CgoSP (M1) | 6.20° | 6.35° 6.05° 6.20™ 6.45°
6.45"°
CooSP1o(M2) | 7.10° | 6.85° 6,75 6.80™ 6.60°
6.50"
CgoSP2 (M2) | 5.85° [ 6.05° | 6.90° | 5.70° 6.15" 5.90°
CooSP1o(M3) | 6.50° | 6.65° 6.15° 5.95 6.30°
6.60"
CgoSP2 (M3) | 6.20° | 6.50° | 6.25™ | 6.60° 6.65" 6.65"

In each of the columns, the samples whose means are not followed by the same superscripts are
significantly different (at p <0.05)

Table 7
Results of Sensory Evaluation of Soaked Cassava—Sweet Potato Gari
Samples Aroma | Taste Soak Texture | Colour Overall
ability Acceptability
C100SP, 7.00° | 6.90° 7.10° 6.90° | 6.70° 7.10°
CoSP1oo 5.10" | 4.80° 4.80° 5.10° | 3.60° 4.90°
CooSPio(M1) | 6.10" | 6.80° 7.50° 6.80" | 7.90° 7.40°
CgoSPoyM1) | 590" | 6.30° |  6.30™ 6.50 | 6.80™ 6.80°
CooSP1o(M2) | 7.00° | 7.00° 6.70" 6.70" | 6.90™ 6.90°
CgoSP(M2) | 6.10" | 6.60° 5.40™ 6.60° | 5.90° 6.20™
CooSP1o(M3) | 6.90° | 7.10° 6.90" 6.90° | 7.00™ 7.10°
CgoSPo(M3) | 6.30" | 6.80° 5.90" 6.50° | 6.60" 6.60"

In each of the columns, the samples whose means are not followed by the same superscripts are
significantly different (at p<0.05)

The cassava-sweet potato gari samples when assessed in their dry particulate form
differed significantly (p<0.05) in all the sensory attributes evaluated. Least rated in all
attributes was 100% sweet potato gari, with mean scores of 3.93 (dislike slightly) in aroma,
4.13 (dislike slightly) in sourness, 5.33 (neither like, nor dislike) in texture, 2.60 (dislike
moderately) in colour, and 4.00 (dislike slightly) in overall acceptability. Most preferred in
aroma, sourness, texture and colour was 10% sweet potato substituted gari sample of
method one, with preference ratings falling within the range of “like moderately” and “like
very much”. Both 10% sweet potato substituted gari of method one and 100% cassava gari
shared the highest mean score in overall acceptability and this corresponds to “like very
much” on the hedonic scale of preference (Iwe, 2003). When the gari samples were made
into eba and evaluated, there were also significant (p<0.05) differences in all the sensory
attributes. In terms of mouldability and overall acceptability, 10% sweet potato substituted
gari was liked moderately and very much, respectively. In soaked forms, the cassava-sweet
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potato gari samples differed (p<0.05) significantly in all the sensory attributes, with 10%
sweet potato substituted gari sample of method 1 having the highest rating (corresponding
to “like very much”) in soakability.

The difference in level of preference can be attributed to the effect of the different
production methods as well as the different levels of sweet potato incorporation. Gari from
90% cassava and 10% sweet potato from method one was most preferred due to the
presence of sweet potato in moderate level in the product.

Conclusions

The study revealed that the different methods of cassava-sweet potato gari production
have significant effects on the physical, chemical and sensory qualities of cassava-sweet
potato gari.

It can be concluded that the inclusion of sweet potato in the production of gari by 10%
is acceptable as attested to by the responses of the panelists selected for the sensory
evaluation of the products.

The method involving mixing of 90% cassava and 10% sweet potato just before
grating gave a gari product of the highest overall acceptability.

Gari produced from the three methods had good proximate coompositions; the various
cassava-sweet potato gari products had protein, fat, carbohydrate and ash contents that
compared favourably well with those of 100% cassava gari.

The study has also shown that through modifications of traditional method, the
physical and technological properties of gari, such as swelling index, bulk density and
water absorbtion capacity, could be well improved.
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Introduction. Insufficient drinking water sources, quality
and in some cases reduced cleanness are between the
humanity key reasons of inevitable illness and mortality
causing between two million to four million deceases per year.

Materials and methods. The investigation results were
obtained using membrane filtration method running water
samples across two counties in UK last year. The rest of the
sources provided are from lakes, reservoirs and rivers. The
culture media plates were prepared in house or bought ready
to be used for Pseudomonas aeruginosa, Escherichia Coli and
Coliform Sp.

Results and discussion. Findings of microorganisms in
the freshwater sources were not surprising as almost all the
sources can be contaminated through natural processes,
although positive results for pathogen organisms were found
on the locations where the contamination was more like to
happen, like busy River canals or near animals grazing areas.

The study results establish Pseudomonas and other
microorganisms’ contamination, through the membrane
filtration method, in several samples taken from freshwater
sources. In addition, in depth study made for the laboratory
examination of some microorganisms, such Coliform sp.,
Escherichia Coli or Pseudomonas Aeruginosa, exactly for the
premises where animals or industry are developing their
activity.

Between 2 to 10 colonies/100ml Escherichia Coli
presence found in Wiltshire pond and Avon Canal of these
samples. Most of these water sources are considered
freshwater even if large activity going on by or on their
location, so the outcomes of the study are revealing potential
risks and what kind of future steps can be taken to improve the
quality of the water.

The contamination is spontaneously through the activity
around the location, and cannot be considered as a continuous
process, as the results of previous and further investigation
found none or similar, but less colonies per sample.

Conclusions. The outcomes of this study were obtained
through the Pseudomonas and pathogens presence into local
pond and Avon Canal.
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Introduction

The research is based on taking raw water samples from different sources like lakes,
ponds, rivers and tests them for microbiological key indicators like Coliforms sp.,
Escherichia coli and Pseudomonas aeruginosa. Local authorities are required to monitor
Regulation 10 (Monitoring and risk assessment for water Conductivity, Enterococci,
Escherichia coli, Turbidity etc.) supplies at least every five years, and more frequently if
indicated by the risk assessment, the microbiological parameters.

The samples had to be collected multiple times from the same source as the
examination of any single water sample is conclusive only at the time at when the sample is
picked. Adequate outcomes from single test do not validate a supposition that the water is
safe to be used for long period of time.

Contamination is frequently alternating and cannot be revealed by the analysis of a
single sample. Drinking water must be safe for consumption and this is demarcated in
law by specific principles for an extensive variety of constituents, microbiology and
properties of water in the guidelines [26].

The standards are established to be shielding of public health and the significance of
warranting that water quality is adequate to public consumption [6].

There is moral settlement between global scientific specialists, who define the health
founded principles for drinking water, and the confirmation is acknowledged by the World
Health Organization in the Guidelines for Drinking Water Quality. Other standards and
specifications set in the EU by Drinking Water Directive and apply in all the member states
of the European Union [23].

These are national standards and specifications in the regulations which apply only in
the UK. In the UK all drinking water, whether from public supplies or other sources, has to
meet standards laid down in the EU Drinking Water Directive (98/83/EC) [3].

The Drinking Water Inspectorate (DWI) was formed in 1990 to provide independent
reassurance that public water supplies in England and Wales are safe and drinking water
quality is acceptable to consumers. In the last years other UK regulation were realized to
define better the internal laws regarding water for public consumption. In order to do that
the laboratory assessments and procedures of testing water samples were carefully created
and adjusted with law requirements [9]. Our research was conducted according within DWI
regulations and testing methods.

Materials and methods

We used incubators and water bath capable of sustaining a temperature to within of
35 °C £ 2; and 37 °C and to within + 0.25 °C of 44 and 44.5 °C. The temperature setting it
is determined by the bacteria and the media of development. Other machinery: membrane
filtrationapparatus with vacuum electrically activated pump and the suction flask.
Membrane filters were used with 0.45 um porosity and of diameter fitting for absorbent
pads.

In this research we collected sample within Lower Bristol Avon, Avoncliff weir (west
of Bradford- on-Avon), Avonmouth Dock pier area, the Kennet and Avon Canal,
Cotswolds, Frome River, Tellisford Gauging Station, North West Wiltshire ponds.
Previously testing the samples were collected 500/1000 ml water into sterile water bottles.
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Table 1
Description of samples

Sample nr Sample Source

Lower Bristol Avon

Lower Bristol Avon

Avoncliff weir (west of Bradford-on-Avon)
Avoncliff weir (west of Bradford-on-Avon)
Avonmouth Dock pier area
Avonmouth Dock pier area

the Kennet and Avon Canal, sample 1
the Kennet and Avon Canal, sample 2
the Kennet and Avon Canal, sample 3
the Kennet and Avon Canal, sample 4
Cotswolds location 1

Cotswolds location 2

Frome River sample 1

Frome River sample 2

Tellisford Gauging Station

Tellisford Gauging Station

North West Wiltshire ponds, sample 1
North West Wiltshire ponds, sample 2
North West Wiltshire ponds, sample 3
North West Wiltshire ponds, sample 4

U (UG (VI (NN (RN U U U U NN
S IS N Y N S IS I P R e R H R A N P S e

[\
[

The collected samples were processed within 2 hours or refrigerated within 2 hours at
2-8 °C and processed within 24 hours. There were used 100 ml samples for all the sources,
so dilutions were not processed. All the samples were transported within controlled
temperature, refrigerated containers (2-5 C) and processed in the lab environment
temperature (18-20 °C).

Pseudomonas aeruginosa being a Gram-negative, oxidase-positive bacteria which, in
the setting of this technique, develops on selective media containing cetrimide
(C16H33)N(CH3)3Br), typically produce spiocyanin, under UV light (fluoresce), that
hydrolyze the casein. The acid medium will inhibit the growth of bacteria other than
Pseudomonas aeruginosa [17].

One way of classifying progressive risk values for faecal coliform or Escherichia coli
is to consider 0 colony forming units CFU/100 mL as fit in procedures of the World Health
Organization, between 1-10 as a small risk; between 10-100 is medium risk; between 100-
1000 is a great risk and more than 1000 is very high risk [4].

Enumeration of Coliform (sp.) and Escherichia coli through a single membrane
filtration technique by membrane lactose glucuronide agar (MLGA) incubated at 37 °C

In the setting of this method, the organisms that are oxidase negative, create acid from
lactose or rapid B-gal, resulting any colour tone/dimension of yellow colonies on the
membrane filter (subsequently incubation at 30 °C for 4 hours tailed by an incubation at 37
°C for 14 hours) are considered as coliform bacteria [2].

The membrane filtration method is used to estimate bacterial populations in water that
is low in turbidity. The presence of faecal coliform in drinking water or at freshwater sites
is evidence that human or animal waste has been or is present [24].

292 —— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 2



Food Technologies

This may be cause for concern because many diseases can be spread through faecal
transmission. Also, coliform are principle indicators of water quality, pollution and
effectiveness of the treatment processes. Procedure:

1. Measure 50ml of water into a filtration funnel.
2. Observe as a vacuum pulls the sample through a membrane filter.
3. Use tweezers to remove filter and place filter in a Petri dish containing media broth

Predominantly, suitable membrane filtration device and incubators and a number of
utensils that will include:

Sterile sample bottles are used with proper volume, made from glass.

Machinery used are: incubators capable of retaining temperatures of 30.0 + 2.0 °C,
37.0 £ 2.0°C and 44.0 + 0.5 °C; cycling incubators, fitted with timers, capable of achieving
these temperatures.

Filtration device, disposable sterile filter funnels or filters funnels that can be sterilized
and vacuum pump. Sterile gridded membrane filters were used, white, cellulose-created
with 0.45 um pore size.

The volumes and dilutions of samples were chosen so that the counting of colonies on
the MLGA membrane to be the best possible.

The time between the end of the filtration and the incubation phase was no longer than
2 hours, but preferably less than that.

The Petri dishes were overturned and positioned in the cycle incubator at 30 °C for
4.00 = 0.25 hours and second stage at 37 °C for a minimum of 14 hours. Tracking of the
right temperature are made through the computer software linked directly to the incubators.
After incubation period ended we observed the MLGA membrane filters under additional
light source, using magnifying lens.

All yellow colonies were presumptive non- Escherichia coli, Coliform sp. bacteria and
green colonies are Escherichia coli [22].

The total joined count of yellow and green colonies (and blue colonies are present)
were regarded as the number of presumptive coliform bacteria. It was essential to note
where pink colonies were existent in numbers that could affect the evolution of coliforms
bacteria [7].

Expression of results. Counts for presumptive and confirmed Coliform sp. bacteria
and Escherichia coli are expressed in colony forming unit per volume of sample. For
drinking water the volume is typically 100 ml. Isolation and enumeration of Pseudomonas
aeruginosa by membrane filtrationThe membrane filtration method was used to estimate
Pseudomonas populations in water samples of this study.

Pseudomonas aeruginosa is environmental bacteria commonly found in soil and on
plants. The organisms are capable to propagate in waters having decreased level of
nutrients and should be absent in all drinking waters.

Pseudomonas aeruginosa are malleable pathogens, mainly in humans who have low
level immune system. Important Figure s growing in untreated waters, swimming/spa pool
water may, after soaking, yield ear infections or the follicular dermatitis. This
microorganism importance as it is resistant to antibiotics [11].

We did the assessment of the incubated membrane filter after 24 hours and again after
48 hours for colonies of Pseudomonas aeruginosa demonstrating piocyanin production
(green coloration).

The number of colonies at 24 hours may need to be noted as growth between 24 and 48
hours may be such that colonial growth results in the merging of colonies and the number
of colonies at 48 hours may be less than the number of colonies at 24 hours. Colonies color
may also be blue green, greenish brown/brown [23].
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Also we examined the filter membrane below the UV lamp and add up all fluorescent
colonies. These colonies, could be or not be pigmented, should also be measured as
presumptive Pseudomonas aeruginosa.

Pseudomonas Agar Base is intended when the addition of the appropriate supplement
(the medium becomes selective for Pseudomonas aeruginosa or Pseudomonas spp.
generally.

The base medium is a modification in which magnesium chloride and potassium
sulphate are present to increase pigment production.

Pseudomonas CN Supplement is recommended for the selective isolation of
Pseudomonas aeruginosa (Incubated at 35°C+2). This media provided better recovery of
Pseudomonas aeruginosa with boosted pigment development although intensely destroying
Klebsiella, Proteus, Providencia spp., these being the upsetting contaminants of regular
Pseudomonas C-N Selective Agar.

Colonial Appearance

Growing on CN or CFC medium is usually restricted to Pseudomonas sp. but other
microorganism of the family Enterobacteriaceae could be present.

The incidence of bluish green or brown coloration or fluorescence can be considered as
reasonable evidence of Pseudomonas spp., but confirmation tests must be carried out to
confirm the identity of the organism.

Expression of results

Counts for presumptive and confirmed Coliform sp. bacteria and Escherichia coli are
expressed in colony forming unit per volume of sample. For drinking water the volume is
typically 100 ml.

The results were reported of Psudomonas aeruginosa colonies/100 ml of the neat
sample (for 100 ml water sample, the sum total on the membrane; for 10 ml of sample, the
amount on the membrane multiplied by 10; for 1 ml of sample, the count on the membrane
multiplied with 100).

Results and discussion

Determination of pathogen microorganisms are essential as daily simulations and
situations with new sources of contamination near farms or were waste is dumped into
freshwater sources. Water samples were enumerated from 1 to 20 (4 of each been taken
from Wiltshire pond, Avon Canal, river and freshwater lake), and they been tested for all
the indicators enumerated through membrane filter method.

Our results revealed that some of the sources analyzed contained pathogen
microorganisms contaminations. Pseudomonas aeruginosa produced characteristic blue
green or brown colored colonies when samples were kept at 37°C for up to 48 hours
(indicative growth may exist after 18 hours).

The positive Pseudomonas locations were diverse, including lake, river, pond or canal,
which may indicate contaminated untreated water. Chart 1 displays the incidence results. A
total of 20 waters samples (rivers, canals, lakes, ponds) were collected from South West of
UK (Somerset and North West Wiltshire) to be analyzed. A batch of 8 samples (10%) were
counted more than 10 colonies in 100 ml for Pseudomonas aeruginosa, and 2 <10
colonies/100 ml; 10 samples were counted as zero colonies. Most of the positive samples
with more than 10 colonies were processed from Kennet and Avon Canal and from local
pond, nearby farming locations.
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Table 2 Table 3
Pseudomonas aeruginosa sample results CFU in 100ml for P. aeruginosa
P. aeruginosa Results CFU in Number of
Pond | Lake | River | Canal 100ml colonies/sample
1 2 3 1 Pseudomon 1-10 2
8 2 3 5 as >10 8
4 2 1 10 aeruginosa 0 10
0 2 4 5
4 0 8 4
1 1 3 2
! 12 4 4 Table 4
2 2 2 5 Total Coliform sample results
0 0 0 0
10 2 4 2 Coliform sp
12 1 1 12 Pond | Lake | River | Canal
1 3 2 13 1 0 1 0
3 11 0 14 0 0 0 2
7 1 8 6 5 1 0 1
4 0 5 5 0 0 0 0
2 3 10 10 0 0 2 3
15 5 6 11 1 0 1 0
0 6 4 4 0 1 0 2
7 2 3 6 2 1 0 2
2 0 2 8 0 0 0 1
1 0 1 3
2 0 0 1
1 0 1 0
0 0 0 2
0 1 1 7
0 0 0 2
2 1 2 1
1 1 1 2
0 0 0 0
1 1 1 1
0 0 1 0

Coliform positive samples were much more likely to come from an area were animals
graze or farmers use slug, manure; another important source of contaminants could be the
mooring boats on the canals.

All the results containing Coliform sp, from present research are displayed in the chart
2. As shown in the graphic, results of the experiment come positive for 48% samples and
just 2 separate colonies were positive samples results for Escherichia Coli (1 was from
North West Wiltshire small pond located in a grazing area and 1 from Avon Canal near
Bristol).

Out of 80 total coliform samples collected during this study, 2.5% of the samples
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reached a total coliform count more than 5 CFU/100 ml, and 2.5% were Escherichia coli
samples.

Conclusions

These results indicate that catchment area studied has a small probability of having a
human health concern due to the fact the water taken from counties sources is treated and
any detection of Coliform or Pseudomonas bacteria is not a pervasive issue, especially as
the positive results for treated water are raised up with maximum professionalism.

The highest Coliform count was 7 colonies/100ml obtained in the samples from Canal
may be an indication that the water sources are faecal contaminated.

This might be from local fauna or just boats contamination (due to improper dumping
of waste, contamination of water by manure, private proper disposal of litter, is the reason
for the microbial contamination of the fresh water and the suggestion that water borne
diseases need for treatment and decontaminate the water to make it suitable for human
consumption). According to the parameters given by the research presence of coliforms,
pseudomonas in any water samples indicates that the water is highly polluted and is not
water potable quality, because pathogens may origin various illnesses like cholera, which
are highly damaging.

No drinking water sample should contain Coliform sp., Escherichia coli or
Pseudomonas. Positive results of Coliform bacteria that are detected in the drinking water
are immediately inspected. The suspected samples containing Faecal Coliform or
Escherichia coli cannot be consumed without treatment (boiling for at least minute) [4].

Although total coliforms are not the best indicator of faecal contamination, they could
signpost a greater risk for swimmers etc. developing skin eruptions or ear infections. For
example, Pseudomonas aeruginosa is a probable human pathogen that is present on soil,
plants etc. It roots a variety of contagious diseases, containing same skin rashes and
external ear infections [26].

Some correlations between counts of P. aeruginosa and total coliform counts can be
useful for future studies and future studies comparing bacteria from lakes, ponds, rivers and
the results of the samples might be an important concern for human health. Future research
will involve taking samples from more fresh water sources and mapping the area better, in
order to recognize the highest count and possible contaminants sources. It is really
important to determine if the highest coliform count is caused and linked with a high
number of Escherichia coli counter, and if is related with animal or leakage infestation, and
what is the casual risk and finally to diminish waterborne infections for this sources.
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Introduction. The indisputable factor of success of a
trademark is the quality of the product manufactured. The
quality of mayonnaise is determined by the complex of
indicators such as organoleptic (taste, smell, colour,
consistence), physicochemical (fattiness, starch, acidity, the
presence of acids), microbiological (bifid bacteria,
microorganisms, yeast, fungi, bacteria).

Materials and methods. The research was carried out
on the example of samples of Ukrainian manufacturers of
various trademarks. The mayonnaise samples were analyzed
according to organoleptic, physical and chemical,
microbiological indicators. The packaging and labelling of
the product were assessed as well.

To detect the level of the quality of mayonnaise the 5-
point descriptor-profile method of sensory analysis was used
and a group of experts was involved.

Results and discussion. The results of the labelling
analysis have proved no indication of index E in food
additives descriptions of the following trademarks:
“Korolivsky Smak” Korolivsky and “Olis” Provansal.

The descriptors of organoleptic indicators (consistence,
taste, smell and colour), packaging labelling and design
have been suggested, their 5-grade scale of profiling
determined. Descriptor-profile method helps to distinguish
the most competitive and attractive for the consumer
product. “Korolivsky Smak” Korolivsky and “Torchyn”
Provanskiy have got the highest evaluation mark.

Physicochemical studies of mayonnaise show that all
the samples contain 0,18% to 0,51% of acidity, 67% of fat
which is indicated in the packaging information. The
amount of sorbic acid is within the norms — not more than
1000mg\kg. Apart from this, “Olis” uses benzoic acid as s
preservative which is not indicated in the description and its
content is 19,4 mg\kg.

Micro-biological research has detected no violation by
any manufacturer.

Conclusions. The results of research mayonnaise on
physico-chemical and microbiological indicators of prove
that their values fully compliant comply with the
requirements of current regulations.
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Introduction

Mayonnaise occupies a leading place among various fat-based sauces and dressing.
They are easily digested and are recommended for daily use by all population groups,
including prophylactic and dietary food, for making different dishes, sandwiches, salads
both in home cooking and in public catering.

Therefore, the relevance of monitoring the varieties of mayonnaise and its quality
analysis is beyond any doubt.

The aim of the research is to carry out the quality analysis of the mayonnaise and the
comparative analysis of labeling of different manufacturers, organoleptic, physical,
chemical and microbiological indicators. To achieve the aim the following tasks are to be
carried out: to consider the mayonnaise quality requirements, to conduct a comparative
expertise of the quality of mayonnaise of different manufacturers.

Mayonnaise products enjoy a high popularity among the population of Ukraine and
occupies an important place in the nutrition structure.

Mayonnaise is a finely dispersed creamy "oil in water" type emulsion, made of refined,
deodorized vegetable oils with the addition of emulsifiers, stabilizers, thickeners, flavorings
and spices [1].

The traditional mayonnaise recipe includes refined and deodorized vegetable oil,
(72%), egg yolks (9.2%), mustard (2.4%), sugar (2%), food acid (14.4%) [2]. But this type
of mayonnaise contains an increased cholesterol content, biological value being low. It has
low stability to delamination and a high energy value. It contains food acid, which makes it
impossible to use by a wide range of consumers. [3].

The analysis of production and perspective needs of mayonnaise products has revealed
the need of quality improvement and diversification by using food additives that will
provide the necessary nutritional value of the product [4].

Food additives in the recipe of mayonnaise not only improve the nutritional and
biological value, but also stabilize the emulsion, and help avoid traditional structure-
creators, which have undesirable side effects. [S] In some cases an emulsifier is introduced
to create a stable emulsion of high-calorie mayonnaise. In case of low-fat recipes stabilizers
are used to provide stability and prevent separation. They improve viscosity of the disperse
environment, prevent oil drop fusion, being hydrophilic by nature [6].

Calorie reducing is very important when developing health-improving products. Since
nowadays fats provide 30-35 % of one’s dietary energy, fat reduction is one of the
requirements for producing dietary and health-improving emulsion products. In health-
improving mayonnaise the proportion of polyunsaturated fatty acids m-6 and ®-3 should be
(5-10):1 [7].

Food acids added to mayonnaise serve as both flavorings and preservatives. Reducing
calorie emulsions pH from 6.9 to 4.0-4.7, they prevent the production of undesirable
microorganisms [8]. Speaking about the functionality of the product, it should be noted that
acetic acid or citric acid used in the recipe of mayonnaise, has a significant irritating effect
on the mucous membranes of the gastrointestinal tract.

In recent years, the people’s attitude to the diet and its importance has changed
dramatically. Consumers are increasingly interested in the influence of various foods and
their components on health.
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Materials and methods

The research was carried out on the example of samples of Ukrainian manufacturers of
various trademarks. Materials for the mayonnaise quality expertise are samples of the
following trademarks: “Korolivsky Smak” Korolivsky (“Victor and C”), “Olis” Provansal
(“Olis Ltd company”), “Torchyn” Provanskiy (Volynholding), “Olkom” Kids Style (Kyiv
margarine plant).

The organoleptic characteristics of mayonnaise are assessed by its consistency,
appearance, colour, smell and taste in accordance with the requirements, shown in Table 1.

Table 1
Characterization of mayonnaise organoleptic properties
Indicator Product characteristics
Outward  appearance | Homogeneous, similarly creamy or dense creamy product
and consistence with single air bubbles
Taste and smell Inherent mayonnaise specific name, slightly spicy, sour,

with taste of smell, and aromatic additives
From white to cremate yellow or due to imposed color
Color additives. Homogeneous whole mass

Physico-chemical characteristics of mayonnaise emulsion are measured by various
indicators [8, 9], including such rheological characteristics:

— dynamic structural viscosity (depends on different voltage of shear, is determined
by the construction of the rheological curves);

— sedimentation stability (in volume separated phases by centrifugation at 5000 rev /
min for 5 min,%);

— acidity;

— mass fraction of fat, moisture, salt.

For microbiological parameters mayonnaise must correspond to the requirements
specified in Table 2.

Table 2
Characterization of mayonnaise microbiological properties

Indicator Norms
Number of bifidobacteria, CFU/g, not less 1 x 10°
Bacteria of Escherichia coli (E. coli), in 0,01 g It is forbidden
Pathogenic microorganisms including Bacteria of the missing
genus Salmonella, in 25 g
Yeast, CFU in 1 cm’, not more than 1x10°
Molds, CFU in 1 cm’, not more than 1x10

For mayonnaise expertise a group of competent experts was formed. Physico-chemical
and microbiological tests was carried out in accordance with [9-11].
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The first stage includes analysis of product labeling of different manufacturers, that
have the index, warning, recommending and descriptive tools. Labeling description
comparing the norms and actually available on the label information of the samples are

presented in Table 3.

Table 3
Labelling results of the samples
Manufacturers
. . < -
Marking requirements Korolnfky «Olis” “Torchyn” “Olkom”
Smak

Labe.llmg performed in the n N N n
official language.
Each mayonnaise type is
produced Wlth a specific . n n N
name according to the
recipe.
In consumer packaging
there is special marking to . n n N

ensure a clear reading,
which contains:

high-calorie

high-calorie

high-calorie

high-calorie

. . . . mayonnaise
- the full mayonnaise | mayonnaise | mayonnaise | mayonnaise "Kids style”
name; "Korolevsky | "Provencal" | "Provanskiy chil dIEI}'/l'S
y" 67% 67% "67% style 67%
- the name, full address
and the phone  of . . . n
manufacturer for
production capacity;
- net weight (g); 360 370 190 200
- nutritional value; 625
. ’ . 619 619 617
protein / fat / carbs, g in | /67,5 15 | 04T 6T | 46736 | 08067/ 2.4
100g 4,75
60 days at 0—
120 days at 01_810 Ogéysl ;B 120 da?/s at SOC,450days
0-18C, davs at’ 10— 0-18 C, at5-10C, 30
- expiry date / conditions after 18XC after after da}gs at 10—
of storage; opening of o en’in of opening of 18 C, after
14 days at 1% da gat 14 days at opening of 7
0-11C Y 0-11C days at
0-11C 0-11°C
- standard designations; + + + +
- thc.? lot number of . . n n
production;
- EAN bar-code + + + +
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Besides, in consumer packages have special marks to ensure accurate readings, which
includes mayonnaise composition with the indication of the international symbol "E": in
“Korolivsky Smak” — sunflower oil, water, sugar, starch, emulsifier, salt, citric acid, egg
powder, acetic acid, stabilizer guar gum, potassium sorbate preservative, synthetic mustard
flavor, natural flavor of black pepper, natural beta-carotene colorant; in “Olis” — sunflower
oil, water, sugar, egg yolk powder, starch-thickener and starch-emulsifier, salt, synthetic
acetic acid, stabilizer xanthan gum, potassium sorbate preservative, flavoring "Mustard",
citric acid, a natural colorant, beta-carotene; in “Torchyn” — sunflower oil 66.7%, water,
sugar, alcohol vinegar 2%, salt 1%, dried egg yolk 1%, lactic acid, white mustard seed and
sareptskoy 0.3%, xanthan gum stabilizer, potassium sorbate preservative, antioxidant E385,
colorant E160a; in “Olkom” — sunflower oil, water, sugar, egg yolk, egg powder, salt,
apple vinegar, lactic acid E270.

All the labeling analysis results considered the following conclusions have been made:
the labels of such brands as "Torchin" Provanskiy (Volynholdinh); «Olkom» Kids style
(Kyiv margarine plant") contain the information that meets all the requirements of
regulations. The samples of “Korolivsky Smak” Korolivsky (“Victor and C”) and “Olis”
Provansal (“Olis Ltd company”) have revealed no index E indication as food additives.

Studies of organoleptic mayonnaise characteristics were the next stage of expertise.
Slight differences in taste and smell have been noted, mainly because of a more or less
distinct sour taste. Overall, during the mayonnaise tasting four parameters were evaluated:
colour, consistency, smell and taste (Table 4).

Table 4
Requirements organoleptic indicators
Indicator/
brend 1 2 3 4
Color light-yellow white with a white with cream white color
colour creamy yellowish shade
shade

Consistency creamy, dense, creamy, dense, creamy, dense, creamy, dense,
homogeneous homogeneous homogeneous homogeneous
Smell distinctive, slightly| characteristic, rather acidic characteristic,
acidulous insufficiently insufficiently

pronounced pronounced

Taste characteristic characteristic rather acidic characteristic

The next stage was the study of physicochemical and microbiological parameters such
as fat, acidity, the presence of starch and preservatives because these ingredients are
declared as part of mayonnaise of some manufacturers (Table 5).

Norms for indicating fat and acidity are not regulated in Ukraine. The acidity of the
samples tested was between 0.18% and 0.51%. The fat content indicated on all the samples
(67%) corresponds to the actual one.
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Table 5
Results of physical and chemical research
Physical and
chemical indicators normal not conform normal normal
fat, declared / in fact, 67/ 69,6 67/ 66 67/ 67 67/ 67
%
starch declared / declared / not declared / | not declared /
found found not found not found
acidity, degrees 0,51 0,3 0,18 0,24
sorbic acid, not more declared / declared / declared / not declared /
than 1000 mg / kg 496,3 3444 555,8
benzoic acid, mg / kg | notdeclared/ | notdeclared/ | notdeclared/ | not declared /
not found 19,4 not found not found
Microbiological normal normal normal normal
indicators
E. coli is not allowed not found not found not found not found
in 0.01¢g

No starch has been found in such samples as "Torchin" and "Olkom Kids style",which
is indicated on the package. "Torchin" marked another thickener — xanthan gum — in the
composition of mayonnaise, no thickeners are declared in the mayonnaise composition of
the other brands.

Lactic acid (E270) has been detected in «Olkom» , which works as both a regulator of
acidity and a preservative. The amount of sorbic acid (potassium sorbate) of the other
samples is within the rules — no more than 1000 mg / kg.

The mayonnaise "OLIS" proved to contain an undeclared preservative — benzoic acid
(19,4mg / kg.). Probably, the preservative came from the raw materials, but obviously not
from the sunflower oil.

All microbiological parameters of the samples were within normal limits. E. coli have
not been found in any of the samples.

Using a scientific approach to determining the quality of the mayonnaise samples, we
conducted an independent experimental investigation, using descriptive-profile method of
sensory analysis based on a 5-grade system and involving a group of experts. This has
allowed to determine the level of product quality, to make graphic processing of the results,
to determine the competitiveness of certain samples and to make objective conclusions.

We have suggested a list of product quality indicators, introduced a 5-grade scale and
profiling of these indicators according to the scale has been done by the competent expert
group of 4 people. Group assessment can be considered sufficiently reliable only in case of
if a good consistency of responses of individual experts. In this case, the discrepancies
between the experts in their assessments are inevitable, but the magnitude of the diversion
is important. To assess the opinion diversion of the experts a dispersion coefficient of
concordance has been applied. (W) [7]. The data got from calculating the coefficient of
concordance showed that W = 0,71 which demonstrates the concordance of experts.

Descriptor — profile method involves using a 5-grade system of assessing the
quality by organoleptic indicators (descriptors) and profiling of quality indicators. High
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product quality alone will not be able to ensure a full success of the product on the market.
Esthetic characteristics also have to be considered. To determine the overall quality score of
mayonnaise, we have selected the following descriptors: labeling, packaging design,
organoleptic properties (consistence, taste, smell and colour). The results of descriptor
grading are presented in Table 6.

Table 6
Profiling mayonnaise descriptors by a 5-grade scale

Scoring Characteristics of quality indicators (descriptors)
Labelling
5 Meets the requirements of regulatory documents
4 Meets the requirements, illegibility in labeling detected
3 Labelling somewhat unclear, some information missing (the phone of the
manufacturer, etc)
2 Incomplete Labelling, packaging has external defects.

1

Labelling does not correspond to the type of product.

Packaging design

5

Information must meet the criteria of the regulations. The picture should
be bright with harmonious colours.

Picture not bright enough

Packaging and labeling colours are the same

Untidy, unaesthetic image, illegible inscription

— (N W~

Absence of any artistic image. No reliable, sufficient, available
information

Consistency

Homogeneous, creamy thick product with single air bubbles

Homogeneous but insufficiently creamy product

Not homogeneous enough, slightly liquid

Inhomogeneous, liquid product

5
4
3
2
1

Stratified, lumpy

Taste and smell

5 Pleasant, characteristic for mayonnaise

4 Characteristic but less pronounced

3 A bit rich

2 Unpleasant, not inherent to this type of product
1 Rancid taste

Color

5 Light cream, homogeneous by the whole weight
4 More intense, homogeneous for the whole mass
3 White, no shades of cream colour

2 Heterogeneity of colour

1 Yellow colour
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Averaged expert opinions on each of the proposed indicators and generalized
index of quality ratios are shown in Table 7.

Table 7
Assessment and quality level of mayonnaise of different trademarks
. Taste Generalized | Level
Trademark (izzils- and | Color Lﬁzel- aPa:;Fche indicator of of
Y | smell g PP quality quality
“Korolivsky
Smak” 4,85 4,65 4,75 4,53 4,82 4,72 0,944
Korolivsky
4GOliS”
4,83 4,21 4,83 4,51 4,89 4,654 0,93
Provansal
Torchyn 489 | 4,16 | 4,72 | 488 4,77 4,684 0,936
Provanskiy
“Olkom”
Kids Style 4,81 4,24 4,56 4,92 4,73 4,652 0,93

The results conducted research revealed that the highest of quality products has
“Korolivsky Smak” Korolivsky and “Torchyn” Provanskiy.

For a visual perception of research results and identify competitive products are
performed elaboration of graphic — build profilohramu (Figure 1):

Marking

Color Exterior package
Taste and smell Consistence
«Korolivskiy smak» —-—-- «OLIS» Provencel

"Olkom" Kids style

------- "Torchin" Provanckiy

Figure 1. Profilohrama quality of mayonnaise
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The results of research mayonnaise on physico-chemical and microbiological
indicators of prove that their values fully compliant comply with the requirements of
current regulations.

On the whole, high results of the study of the mayonnaise quality of different
manufacturers prove that raw materials of high quality and the latest technologies are used.

Conclusions

S-grade scale descriptor profiling for the quality assessment of mayonnaise of different
manufacturers based on organoleptic characteristics and packaging labeling has been
suggested. Physicochemical and micro-biological studies of mayonnaise samples have been
carried out and prove that all the quality characteristics meet the standard. The obtained
results of the mayonnaise quality studies helped to identify and clearly present competitive
products.

After some investigation of quality indicators the mayonnaise samples, we can
conclude that the highest score receives the sample Nel and 2 "Royal taste" and TM
"Torchin" because they meet all the requirements of regulatory documents. These high
results prove that during its production was used quality raw materials and latest
technology.

In order to compete in the domestic and international markets enterprises Ukraine
must use only high-quality raw materials that meet regulatory requirements and improve
manufacturing process and control of mayonnaise quality.

However, we must remember that despite the high quality of mayonnaise can not be
taken without control, you must use a product is made of natural ingredients, and use it in
limited quantities.

References

—

Nechaev A. (2000), Mayonnaises, GIORD, Sankt-Peterburg..

2. Berestova A., Zinyukhin G., Mezhueva L.V. (2014), Osobennosti tekhnologii
pishchevykh maslozhirovykh emul'siy funktsional'nogo naznacheniya, Vestnik
OGU, 1, pp. 150-156.

3. McClements D. (2005), Food Emulsions: Principles, Practices, and Techniques, 2nd
edition, CRC Press, Boca Raton, pp. 609.

4. Laca A., Saenz M., Paredes B., Diaz M. (2010), Rheological properties, stability and
sensory evaluation of low-cholesterol mayonnaises prepared using egg yolk granules
as emulsifying agent, J. Food Eng., 97, pp. 243-252.

5. Depree J., Savage G. (2001), Phisical and flavor stability of mayonnaise, Trend in
Food Science & Technology, 12, pp. 157-163.

6. Tkachenko N., Makovsjka T., (2015), Tekhnologhija nyzjkokalorijnogho majonezu,
zbaghachenogho kompleksom synbiotykiv periodychnym sposobom, Kharchova
nauka i tekhnologhija., 9 (4), pp. 74-81.

7. Eliseeva N. (2008), Nizkozhirnye mayonezy i sousy s pishchevymi voloknami i
kompleksom biolohicheski aktivnyh soedinenii. J Maslozhirovaya promyshlennost;
4, pp. 40-44.

8. Liua H.,. Xua X., Guo Sh.D. (2007), Rheological, texture and sensory properties of

low-fat mayonnaise with different fat mimetics, Food Science and Technology, 40

(6), pp. 946-954.

—— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 2

307



Food Technologies

9. Kucherepa N., Shemet V., Dragonyuk M., Chujko I. (2012), Metody vyznachennya
fizy'chnoyi ta okyslyuvalnoyi stabilnosti majonezu, Nauk. Visn. VNU im. Lesi
Ukrayinky. Ximichni nauky, 17, pp. 150 s.

10.  Gill A., Greer G., Nattress F. (2014) Microbiological analysis. Standard Methods,
Food ScienceEncyclopedia of Meat Sciences, 2, pp. 306-316.

11.  Izidoro D., Sierakowski M., Waszczynskyj N., Haminiuk C., Scheer A. de P (2007),
Sensory evaluation and rheological behavior of commercial mayonnaise, Int J Food
Eng, 3, pp. 1-15

12. Fabian F. and Wethington M. (1950), Bacterial and chemical analyses of
mayonnaise, salad dressing, and related products, Journal of Food Science 15(2), pp.
138-145.

308 —— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 2



Food Technologies

Mathematical model of liquid activization while making
breads in domestic breadmaker

Vitaliy Borodin, Ganna Tsygankova

National University of Food Technologies, Kyiv, Ukraine

Keywords:

Bread
Modeling
Foaming

Abstract

Article history:

Received 04.06.2016
Received in revised
form 27.11.2016
Accepted 30.12.2016

Corresponding author:

Ganna Tsygankova
E-mail:
tsgk.anna@gmail.com

DOI: 10.24263/2310-
1008-2016-4-2-12

Introduction. When preparing ingredients for bread
baking cooking books say that beating eggs up improves
quality of bread. The basis of this fact is given in this paper.

Materials and methods. Maked in domestic
breadmaker bread brioche is studied. Methods of
mathematical modeling are applied to consideration of a
problem of a liquid activization during breads making in
domestic breadmaker.

Results and discussion. We understand liquid as any
substance which can spread. If we receive a positive
changes in results of application of certain technology
(which can be fixed measurements) in some characteristics
of a ready product we can speak about liquid activization.
Examples of liquid activization are given.

The mathematical model, which shows, that intensity
of contact of firm and liquid fractions while transformation
liquid into foam must increase is developed. They
considere, that foam consists of set of spherical segments of
spheres with any radius R and different height /. Natural
restriction is put on heights of segments A to distribute
them uniformly on an interval [0, R ]. For the characteristic
of the contact area of firm and liquid fractions the concept
of dome coefficient is considered. The mathematical
expectation of dome coefficient of spherical segments
defines average dome coefficient. It is proved, that the
average dome coefficient is equal 1,5 for the offered model
of foam.

Conclusion. The offered mathematical model of foam
shows possibility of intensification of firm and a liquid
fractions contact in 1,5 times during transformation a liquid
into foam.
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Introduction

A domestic breadmaker is a household electromechanical device whose main function
is automatical baking of shaped bread, starting with a dough kneading and ending with
baking the end-product. The principal of breadmaker's functioning is simple. The device
consists of a non-stick bowl with a blade-agitator inside. There is a control panel with
buttons on the outside of the breadmaker(Figure 1).

A-A
A A
—- —_— - o
l s g
g & o~ [ ]
B i
B
Figure 1

A baking dish is filled with all the necessary ingredients then a button is pushed and
after a specified time bread is done.

It is known, that whisking eggs until the appearance of foam while preparing the
ingredients for baking bread can improve the quality of bread [5]. The ways of increasing
the area of contact of firm and liquid fractions are studied in this work. There is a
theoretical assumption that a transformation of liquid into foam can increase the area of
contact of fractions what leads to the activization of the liquid. The experiments have
shown that there really was the activization of the liquid and the volume of bread increased.

Materials and methods

The problem of the liquid activization during making bread via domestic breadmaker is
studied [3,6]. We are going to apply the methods of mathematical modeling.

The technology and the mode of breadmaking. The traditional ingredients for making
bread-brioche: milk 200ml, 2 eggs, 140 grams of melted butter, 500 grams of unbleached
rye flour, 1 teaspoon of salt, 60 grams of sugar, 2 teaspoons of dry yeast. All the ingredients
are added in the baking dish in the sequence mentioned above. After that the breadmaker is
turned on. We used another way of adding the ingredients for making bread by domestic
breadmaker in our experiment. All the ingredients are separated into liquid fraction and
firm fraction. The liquid fraction consists of milk, eggs, and melted butter. The other
ingredients belong to the firm fraction. When preparing the liquid for the dough we
transform the liquid fraction into foam. It leads to the improvement of bread's quality [2].
Then we continue baking.
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Liquid activization. The liquid is turned into foam via the V-technology of whisking
[1]. According to this technology the axis of whisks is situated parallel to the surface of
liquid while whisking. An overtime taken to whisk liquid by the V-technology is not more
than a minute. We transform liquid into foam according to the next rules:

1. All the steps of whisking must be done by V-technology.

2. The first step — whisking eggs 20 sec.

3. The second step — add milk and whisk 20 sec.

4. The third step — add melted butter and whisk 20 sec.

Mathematical modeling of foaming. The process of foaming is considered. We accept
that foam itself is a complex of spherical segments with the arbitrary radius. We find the
dome coefficient of the spherical segment. It depends on the parameters of fragments of the
foam (radius and height of the spherical segment). An average dome coefficient is a
constant measurement which shows increasing of the area of the surface of contact between
firm and liquid fractions while transforming the liquid into the foam, what leads to the
increasing of bread's volume.

Results and discussion

Water, steam, humidity in capillaries, mix of water and flour, dough and everything
that can flow is considered as a liquid. If the application of certain technology brings
changes (which can be fixed by measurements) in some characteristics of an end-product a
liquid activization may be discussed. For example in various cookbooks it is said that bread
tastes much better if eggs are replaced by eggs whisked into foam while preparing the
dough [5]. This characteristic is not considered as the activization. But if the bread made
with whisked eggs is sold at least 5 percent more expensive than we can talk about the
activization of the liquid the bread made of. Another example. We shall whisk eggwhite or
we can call it "liquid" until foaming. According to the traditional technology of whisking
and the instruction of a blender this process takes 5 minutes. At the same time using the V-
technology allows to get the foam for 1 minute. We can say that the V-technology of
whisking activates the liquid no matter what the aim of using the whisked eggwhite.

In some cases the term "activization" is used incorrectly. Let's look at the example.
Conduction and convection are the main ways of heating the liquid. We can see the
conduction while heating one end of a metal rod with insulated lateral surface and watch
the changing of the temperature at the other end of the rod. While heating atmosphere we
can see the almost pure convection. Firstly, the sun's rays pass through the air and heat the
ground. The air gets warm from the ground, becomes lighter, and goes up. After that colder
layers of air go down replacing the warm air described above. There are convective flows
going up and the more intensive the are the more effective and convective the heat transfer.
Thus all the manuals are suggesting to create a forced vortical circulation to get more
effective convective heat transfer. We have to admit that this statement (about the
effectiveness of the vortical circulation for the convective heat transfer) is correct for water,
however it is unjust for the complex liquids like milk, for instance. We shall let the milk
boil in the pan. A simple mixing can help to save the situation at the moment when the milk
is going to leak out of the pan. It means that a forced vortical circulation weakens the
convective heat transfer rather than increases. It means that the qualitative general
characteristics of the esteem of the effectiveness can not be accepted without numerical
estimations.
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Let's look at the example of the incorrect usage of the term "liquid activization" while
the circulation of the convective heat transfer is forced. According to one of the cookbooks
there are two ways of cooking of the semolina. As the result the semolina will be either
"disgusting" or "royal". It is noticed, that using the way "A" the semolina is made by
continuous non-stop stirring (a circulational swelling of the liquid), and there is no stirring
while using the way "B". If we want the semolina to boil equally in both ways, we ought to
put the regulation of the electric stove in position "3" for the way "A" and choose position
"2" for the way "B". It means, that mixing does not activise the heat transfer, but decreases
it 1,5 times.

If we want to make a mathematical model we have to admit that the contact between
liquid and firm fractions is cyclical in the way described below. Firstly a part of the area
(I is covered by the layer of liquid, and then the wet area is strewed by the firm fraction.
There was a contact between firm and liquid fractions and a mixture of the liquid and the
firm fraction was formed. The mixture is removed from the area (IT). The process is
repeating creating new portions of the liquid. It means that the area (IT) is covered by the
new layer of the liquid, then it is strewed by the firm fraction and after that a mixture
removed from the area (IT) is created. Hence, there is a question: How shall the area of the
contact between liquid and firm fractions increase per cycle if the liquid is replaced by
foam?

Firstly, let's consider more simple case. The foam on the area (II) consists of
hemispheres of different radius, which completely covered the area. A hemisphere of a

radius R is based on the circle with a big diameter and with the area S, = 7R’ and it has

curve surface area S, =27 R” (the half of the area of the sphere's surface) (Figure 2).
3

Figure 2

We use the dome coefficient to characterize the area of the foam's surface.
The dome coefficient is the ratio of the surface area S, to the area of the base S,,
which is located over the surface:

-y
S,
In other words, S, is the area of dome's surface, and S, is the area of area covered by
the dome.
. . . S, 2zR’
The dome coefficient of the hemisphereis & = S—* = ERZ =2.
, 7
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The dome coefficient of the hemisphere does not depend on the radius of the
hemisphere. Thus, we have k=2 for the foam, which consists of the hemispheres with
arbitrary radius R. Henceforth, the area of the foam's surface which consists of the
hemispheres is twice bigger than the area where the foam is based.

Let's make the mathematical model more realistic. We shall presume, that the foam
consists of the complex of spherical segments of the sphere with the same radius R and a
different height 4,0 < & <R, which completely cover the plane (IT) (Figure 3).

Figure 3

A spherical (ballpoint) segment is the part of the sphere with the radius R, which is cut
off from the sphere by any plane. The base of the spherical segment is a circle with the

radius 7, and the area S, =7r°. The height of the spherical segment is the part of the

circle's radius which is perpendicular to the cutting plane from the plane to the sphere. The
length of the height 4. The area of the curved surface (the lateral surface) of the spherical
segment
S, =2nRh=r(r* +1%)
The dome coefficient of the spherical segment is the ratio of the lateral surface's area to

the area of the base.
2
=SB
S, r r
The dome coefficient of the spherical segment is variable and it depends on the height
of the segment % and the radius of the base r.

After some transformations the formula of the dome coefficient of the spherical
segment is

2R
k(h) = .
) 2R-h
The dome coefficient of the segment grows from 1 to 2 when /e [O,R], it is easily
RY 4 2
seen from the formula above. For example, k(zj = 3’ k(; RJ =% .

A dome coefficient of the foam is a mathematical expectation of the dome coefficients
of the spherical segments or an average value of the dome coefficients of the spherical
segments.

—— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 2

313



Food Technologies

Let's make an assumption that the spherical segments with the height 2,0< 2 < R, are
2R

equally possible. According to this hypothesis the dome coefficients k(%)= A7

are

divided with a density
3
f(h)=42R’
0, he[0,R].
The mathematical expectation of the dome coefficients

k, = T F(hyk(h)dh .

hQR~h),h e[0,R],

oL . . . 3
Substituting the functions' value and calculating the integral, we get k,, = 5

As the k,, does not depend on the radius of the big sphere, our assumption that all the

spherical segment are created from the sphere of the same radius R is unnecessary. We can
put the result we have got on the more realistic mathematical model.

Conclusion

If a segment height division is even for each of the R, the average dome coefficient of
the foam is k,, = % for the foam which consists of the spherical segments with the arbitrary

radius.

The mathematical model which is made, shows that the surface area of the interaction
of the firm and liquid fractions, while transforming the liquid into the foam, grows 1,5
times bigger. This implies that using the foam instead of the liquid intensifies a
technological process of kneading dough.
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Introduction. Patterns of wheat grain drying in a
layer for justification of the rational modes of grain
thermal treatment in drying apparatuses of convective type
are investigated.

Materials and methods. Wheat grain was used in the
research. To provide grain with field humidity it was
artificially humidified. Humidity was determined by
exsiccation to bone-dry weight. The research of drying
process was conducted on the experimental stand of
convective type.

Results and discussions. The analysis of results of
the pilot studies of wheat grain convective drying with
different humidity showed that increasing of the drying
medium temperature from 80 to 100 °C increases speed
and reduces duration of grain drying 2,2-2,3 times, and
increase in speed of the drying medium from 1,5 to 2,5
m/s causes speed increase and reduction of drying time ~
20%.

Increase in thickness of the grain layer from 10 to 15
mm due to increasing of the evaporation area leads to
speed increase of drying 1,1-1,2 times depending on the
air speed.

At convective drying of the grain indestructible layer
of 10 and more mm high at side blowing by the drying
medium to reach identical humidity of grain in the volume
of the exemplar for 40...60 min. is almost impossible.

Conclusions. It is established that use of the drying
agent with the temperature of 100 °C increases the speed
of grain drying 2,2-2,3 times in comparison with the
temperature of 80 °C; speed increase of the drying
medium from 1,5 to 2,5 m/s provides speed increase of
grain drying by ~ 20%.
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Introduction

For development and improvement of small-size mobile grain-dryers of convective
type for small farms the problem of technological parameters determination of wheat grain
drying in a layer (10...15 mm) aroses [8, 9, 10, 12].

It is possible to dry grain in the different ways [1, 2, 7, 8, 9, 13, 14]. The greatest
practical use received a convective way with the rapid course of a thermal mass transfer in
grain-dryers to the given humidity of grain. A delayed way applies less often, by means of
aeration systems, the combined method is rare. In practice almost all wet grain of the
reaped crops is dried in the high-speed way. From the total number of the grain-dryers at
the enterprises most of all, to 70%, is the share of stationary dryers of the mine type with
efficiency more than 10000 kg/hr. The efficiency of the majority of these dryers does not
exceed 40 — 45%, and specific consumption of power supplies on drying of one tone of
grain makes about 12,2 kg of standard fuel that is by 20 — 35% exceeded this index of
leading companies analogs such as Shmidt-Zinger, Kembria, Riyela, Metgyuz-k, Pharm-
fanz, GSI, ME, and so forth [3, 4, 5].

The use of heat carrier recycling is a perspective way of essential economy of power
supplies. Uses of the drying agent with raised, at the expense of recycling, moisture content
(from 8 to 30 g/kg dry air) at a temperature of 105 — 120°C intensifies heating of grain and
practically does not reduce intensity of the process in general for a cycle. At temperature of
the drying agent up to 60 °C (the seed mode) increase in moisture content of the drying
agent up to 20 g/kg of the dry air causes the decrease of grain drying speed in the layer. It is
also proved [5] that at 4 — 5 multiple circulation of grain, increase in grain moving speed
4,8 — 5,1 times provides the greatest effectiveness, at the same time efficiency of the dryer
increases by 6 — 14%, evaporating ability — by 26 — 28%, and fuel consumption decrease by
24,4 -29,7%.

The main indicators that influence intensity of process and achievement of high rates of
grain quality are the temperature of the drying agent, the maximal temperature of grain and
duration of drying. For the choice of the optimum drying mode it is necessary that the
process of drying would provide high quality of material with minimum drying time.
Parameters of drying process can influence differently on grain quality, depending on
thermal resistance of its constituents.

As it is specified in [6] with the temperature increase of grain less gluten is washed,
especially, when the temperature of the carrier is above 100 °C, and the heating temperature
of grain is above 55 °C. The least amount of gluten was washed at the heat carrier
temperature when drying at the level of 120 °C on exposure 60 min. (initial humidity of
grain made 20 — 21%). With temperature increase of the heat carrier above 100 °C and
extension of drying term the heating temperature of grain increased more than 50 — 55 °C
that led to slight decrease of gluten and its strengthening in it. The increase in initial
humidity of grain caused more considerable changes. The best index of gluten content was
observed at the option of the air-and-sunshine drying, and also when drying at a
temperature of 80 °C of the heat carrier.

Determination of technological parameters of grain drying process in a layer was the
purpose of our research, quality indicators of dry grain were not taken into account.

It is apparent that it is also necessary to consider not only the maximal temperature of a
product, but also speed of reaching it, that is heating rate, and also duration of endurance of
a product at the maximal temperature. Besides, interaction of streams of the heat carrier and
grain caused by design features of this dryer [7, 11] is important.
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Therefore, determination of patterns of grain drying process at variable parameters of
process for justification of the rational modes of wheat grain thermal treatment in dryers
was the purpose of the research.

Materials and methods

The research object is drying process. For the research of convective grain drying
wheat with humidity of 9,1% was taken. For granting humidity to grain, close to humidity
after collecting, it was placed in exsiccators with water for 14 days that provided its with
humidification through adsorption to 13,6 — 18,1%. A part of grain was extra humidified
with a spray and placed in an exsiccator with water for 24 hours that allowed to increase
humidity to ~ 24,5 — 25,8%.

For comparison of curves of grain drying with various humidity the value of absolute
moisture content (the relation of water mass to the mass of nonvolatile solids in percentage
terms) was given to the dimensionless quantity (moisture content is given).

Grain after humidification was placed in the container (90x45x20 mm) made of a bolter
with holes of 2,5x2,5 mm. In all experiments the container in a drying room was installed
with the larger side along a flow of the drying medium. The grain layer height in the
container was 10 and 15 mm. Drying was carried out at temperatures of the drying medium
of 80, 90 and 100 °C at speed of 1,5 and 2,5 m/s. Such parameters were chosen because for
the use of grain drying in mobile small-size fluidized-bed driers, tape and similar types —
warming up of a product happens quickly. In such dryers there is an intensive washing of
every seed that provides complete warming up of a grain layer.

At a heat carrier speed more than 3 m/s, there will be an influence on the weighing-
machine, that will not allow to provide measurement accuracy of the material mass change
while drying. Influence on the weighing-machine will not be carried out at side blowing
also.

Researches were conducted at the experimental drying stand which scheme is submitted
in Figure 1. The stand consists of the isolated air ducts system with devices for heating (2)
and circulation (3) air (drying medium), drying rooms (1), system of automatic control and
maintaining of temperature of drying medium (4, 5), data collection and processing about
the course of the deaquation material process.

The drying room with side blowing has the transparent hatches via which loading of
exemplars and overseeing the condition of material in the course of drying are carried out.
The drying medium moves by means of a fan blower with the frequency regulation of the
impeller turns number that allows to change moving speed of the heat carrier smoothly. The
ratio between used and fresh air can be established with the express valves.

The air speed in the drying rooms was controlled by means of a cup anemometer MS-
13. The temperature of the drying medium and the exemplar during drying time was
recorded by means of the thermoelectric converters which are built in the express needle
probes. Measurement accuracy of temperature is not worse than 0,1 °C. Calibration of
thermoelectric converters was carried out on the boiling water.
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Figure 1. Scheme of the experimental stand of convective drying:
1 — drying rooms; 2 — heater; 3 — fan; 4 — potentiometer; 5 — instrument assembly;
6, 7 — automatic regulating system of temperature; 8 — electric resistance pyrometers;
9,10,11 — branch pipes with slide gates; 12 — hygrodeic, 13 — express lattices

The site of thermal preparation of the drying medium is executed in the form of a
rectangular box in which the electric heaters are placed. The system of automatic control
consists of the electric resistance pyrometers TSM-50 (8), the PID-regulator with the RS-
485 OVEN TPMI101-KP (4) interface, an optothyristor of the symmetric and electric
heaters (2). It allows to maintain air temperature with an accuracy = 0,1 °C automatically.

The stand is equipped with the automated system of data collection and processing,
digital weighing-machine AD-500 and the channels of temperature measurement of the
drying medium, a surface of an exemplar and its central part. By means of the computer
program information on the drying process course was collected, all necessary calculations
and graphic constructions were carried out.

After putting the stand in operating mode, on the scale of the weighing-machine in the
drying room a container with an exemplar of grain weighing 30...60 g was installed where
probes with temperature sensing devices of the surface (on depth of 2-3 mm) and the
central part were placed and computer system of data collection and processing which
continuously recorded temperature of the drying medium, change of the exemplar mass and
its temperature in the drying course was turned on. Drying was carried out within 160
minutes.

For determination of mass nonvolatile solids in the exemplars after completion of
drying in the stand grain was transferred to the metal weighing bottles and placed in a
drying chamber where finally dried at the temperature of 104-105 °C. The course of
deaquation was controlled by weighing of the exemplars on the weighing-machine WA-33
(a weighing error £ 0,6 mg). Process of drying was considered complete when the mass of
the exemplar became invariable.
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Using the mass of nonvolatile solids of the exemplar flowing moisture content of
material /¥ in a drying time was defined and curves of drying of W=f{z) and speeds of
drying of dW/d © = f (W) were counted and built.

Results and discussions
In Figure 2 the change curves of moisture content, surface temperatures and the central

part of the exemplar of a grain layer of 10 mm high with initial humidity of 24,86% when
drying at the drying medium temperature of 100 °C and the speed of 2,5 m/s are presented.
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Figure 2. Change of moisture content and temperature of the exemplar of wheat grain
in h layer = 10 mm at v=2.5 m/s and t =100 °C:
1 — moisture content; 2 — temperature of the drying medium; 3 — surface temperature of the exemplar;
4 — temperature in the center of the exemplar

From the data submitted in the drawing it is visible that temperature at the surface layer
of the exemplar becomes equal to the drying medium temperature for 40 min. that
corresponds to an average moisture content of the exemplar in 10%. Now the difference of
temperatures in the central part of the exemplar and the drying medium makes 6 °C and
until the end of the experiment decreases only about 3,5 °C that testifies to an
incompleteness of deaquation and existence of a moisture content gradient in the basis
volume of the exemplar. That is at convective drying of the fixed grain layer more than 10
mm high identical humidity of grain in the volume of the exemplar for a reasonable time
period cannot be reached.

The received kinetic curves of grain dryings (Wp = 14 — 18%) in h layer = 10 mm at v
= 2,5 m/s and temperatures of drying medium 80, 90 and 100 °C demonstrate the increase
in drying speed (Figure 3) and decrease of deaquation time (Figure 4) with increase of the
temperature.
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Figure 3. Curves of speeds of wheat grain drying in h layer = 10 mm at
v=25m/s att, °C: 1 —80; 2 -90; 3 - 100

So grain gains moisture content in 10% (the horizontal line in Figure 4) for 34,3 min. at
the temperature of the drying medium of 100 °C, for 50,7 min. — at 90 °C and for 110 min.
— at 80 °C. That is temperature increase of the drying medium from 80 to 100 °C leads to
reduction of drying time of grain to average humidity 9,9% 3,2 times.

Reduction of drying time is the consequence of drying speed increase which maximum
size at change of the drying medium temperature from 80 to 100 °C increases from 0,26 to
0,54%/min. (Figure 3).

The normalized moisture content

0 20 40 60 80 100 120 140 160
Time, min

Figure 4. Curves of wheat grain drying in h layer = 10 mm at v=2.5 m/s
for t,°C: 1 - 80; 2—-90;3 - 100
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Increase in the drying medium speed from 1,5 to 2,5 m/s leads to the speed increase
(Figure 6) and reduction of the drying time (Figure 5). So at the temperature of 100 °C in a
layer 10 mm high the grain drying time with moisture content of 10% decreases from 42,5
to 34,3 min., that is by 19,3%.
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Figure 5. Curves of wheat grain drying
in h layer = 10 mm for t =100 °C at v=1,5 (1) and v=2,5 m/s (2)
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Figure 6. Curves of wheat grain drying
in h layer =10 mm at t =100 °C at v=2,5 (1) and v= 1,5 m/s (2)

The research of kinetics of grain drying in a layer of 10 and 15 mm showed that in this
case the size of the external surface of the exemplar and the change of air filtration in the
exemplar under pressure of the drying medium stream begin to play a role. With a height of
a grain layer in 10 mm the conditional (without the surface of grains) external surface of the
exemplar makes 10800 mm?, with a height of 15 mm — 12150 mm’. From Figure 7 it is
visible that the speed of deaquation is more for the exemplar with a larger external surface.
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Figure 7. Curves of speed of wheat grain drying
in h layer =10 (1) and h =15 mm (2) at v=1,5 m/s and t =80 °C

Various mass of exemplars and size of an external surface are reflected through the
speed change in the drying curves (Figure 8). During the initial phase of drying when a part
of warmth is spent for material heating the drying curves go nearby, but higher speed of
grain drying in a layer of 15 mm high leads to the fact that the curves at 33 min. are
crossed. And the grain exemplar in a layer of 15 mm high reaches moisture content of 10%
earlier (for 42,5 min.), Than in a layer 10 mm high (for 45,2 min.).

W=10%

The normalized moisture content

0 20 40 60 80 100 120 140 160
Time, min

Figure 8. Curves of wheat grain drying
in h layer =10 (1) and h =15 mm (2) at v=1,5 m/s and t = 80 °C

Drying of grain with the initial humidity that significantly differs in the size are
presented in Figure s 9 and 10.
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Figure 9. Curve speeds of drying of grain of wheat with initial humidity of 17,8 (1) and 24,9%
(2) in hlayer =10 mm at v=1,5 m/s and t=100 °C
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Figure 10. Curves of wheat grain drying with initial humidity of 17,8 (1) and 24,9% (2)
in h layer = 10 mm at v=1,5 m/s and t =100 °C

We can see that the speed of drying of the exemplar with the initial humidity of 24,9%
in a layer of 10 mm high at speed of the drying medium of 2,5 m/s and temperature of 100
°C is much higher that for the exemplar with the initial humidity of 17,8%. Despite rather
high difference in speeds of drying, deaquation of the exemplar with lower initial humidity
goes so that it reaches 10% of moisture content earlier (for 34,3 min.), than the exemplar

with higher humidity (for 40,4 min.). However, their moisture content is equalized (7,4%)
for 65 min. of drying.
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The received results of the pilot studies of convective wheat grain drying allowed to
establish dependences of duration and speed of drying on parameters of the heat carrier and
characteristics of starting material (wheat grain). These results can be used for development
new and improvement of the existing mobile small-size drying equipment for grain crops
drying.

Legends:

W — moisture content of grain, g of water/g of nonvolatile solids in %;

v — speed of drying medium, m/s;

t — temperature of drying medium, °C;

h —height of a grain layer , mm;

w; — initial humidity of grain, %.

Conclusions

The pilot studies of convective wheat grain drying in a layer showed positive influence
on the drying kinetics temperature increase and speeds of the drying medium:

— temperature increase of the drying medium from 80 to 100 °C increases speed and
reduces duration of grain drying 2,2 — 2,3 times;

— increase in speed of the drying medium from 1,5 to 2,5 m/s causes speed increase and
reduction of the drying time ~20%

Increase in thickness of the grain layer from 10 to 15 mm due to increase in the
evaporation area leads to increase in speed of drying 1,1 — 1,2 times depending on the air
speed.

Due to a moisture content gradient in the volume of the exemplar in the fixed state
arising at convective wheat grain drying of 10 and more mm high with a side blowing by
the drying medium to reach identical humidity of grain in the volume of the exemplar for
40...60 min. is almost impossible.

Influence of temperature (in limits of 80 — 100°C) and speeds of the drying medium
(within 1,5 — 2,5 m/s) on the speed of the grain side layer drying of 10 and 15 mm thick
was defined for the first time.
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Introduction. The increase in coal share in the fuel balance of
thermal power plants has led to increasing the SO, annual gross
emissions to about 1 million tons. This fact require to introduce
technological measures for the reduction of SO, emission at coal-
fired thermal power plants.

Materials and Methods. Using a standard procedure, we have
performed calculations of the specific flue gases volumes and SO,
concentrations in them by the data of 96 certificates for coal
products from mines and concentrating plants of the Donetsk coal
basin.

Results and Discussion. As a result, we have obtained
empirical linear dependences of the specific volume of dry flue
gases on lower heating value and ash content in the fuel and
dependences of SO, concentration on sulfur and ash content in the
fuel, which are different for low-reactive and high-reactive coals.
In the case of presence of unburned carbon, the specific volume of
dry flue gases decreases by a factor of (1 —¢,/100), and SO,
concentration in them increases in the same proportion.

We have created an engineering method for determining the
specific volume of dry flue gases of coal-fired boilers and
expected SO, concentration in them based on the data of coal
technical analysis in the presence of the heat loss due to unburnt
carbon. The method of the specific emissions’ calculation at the
TPPs and CHPs and the sulphur dioxide concentration expected in
it is proposed to use in a range of the fuel ash content A? from 4.0
to 50.0% and the fuel low heat value Q" from 14.5 to 32.0 MJ/kg.

The proposed engineering method has been used for
calculating an estimate of the gross SO, emissions and volumes of
dry flue gases at the Ukrainian coal-fired thermal power plants
from 2012 to 2016. The values of sulfur specific emission in flue
gases during recent years are at a level of 16-20 grams per
kilowatt-hour (kW-h) of electricity supplied.

Conclusions. The method developed allows to make the
evaluation of the sulphur dioxide emission expected on the basis of
the technical analysis data and choose necessary desulphurization
technology to meet the environment legislation requirements.
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Introduction

The problem of emissions reduction of contaminants from flue gas formed by burning
of solid fuels at Thermal Power Plants (TPPs) and Combined Heat and Power Plants
(CHPs) is of large environmental, technological, and economical importance. In recent
years, 90% of SO, emission in Ukraine falls on thermal power industry. The coal share
increasing in fuel balance of TPPs to 98% and in fuel balance of large-scale CHPs’ to 20%
led to increasing of the SO, annual gross emissions to near 1 million tons [1]. The current
SO, permissible emissions standards are practically determined on the basis of the fuel
quality that is supplied to the TPPs of Ukraine, and the burning technology. The emission
limit values of SO, from the large existing coal-dust boilers are 3400 milligrams per cubic
meter under normal conditions (0 °C and 101.325 kPa) and 6% oxygen content in dry gas
(mg/m,’) for anthracite (A), 4500 mg/m,’ for semi-anthracite (SA) and 5100 mg/m,’ for
bituminous (B), subbituminous (SB) coal and lignite. For solid fuel combustion in the
circulating fluidized bed, the emission limit value of the sulfur dioxide is 400 mg/m,’.

The current permissible SO, emission limit values are valid until December, 31, 2017.
The Ukraine as a Member of the Energy Community should provide since January, 1, 2018
the compliance of the output sulfur dioxide concentration in the flue gas from the existing
coal-fired TPPs and CHPs not more than 400 mg/m,’, but for new power units — 200
mg/m,’ as required by the Directive 2001/80/EU. Nowadays, the level of the SO, emissions
at TPPs of Ukraine exceeds these limit values in 5—17 times [1]. The payment for SO,
emissions exceeded 1.2 billion UAH (106.5 million USD) in 2014, 1.6 billion UAH (74
million USD) in 2015 and 2.0 billion UAH (76.8 million USD) in 2016.

Besides, the Ukraine’s economy bears huge social and economic losses due to
deterioration of the health status of the population living at the territories adjacent to the
coal-fired boilers, and continuous increase of costs for health care. Contaminants emission
will lead to significant increase of general level of mortality. It will increase the number of
cardio-pneumatic diseases and lung cancer to 68% of total mortality from all diseases
(according to the International Centre for Policy Studies). According to the estimates of
World Health Organization, increase of average SO, daily concentration in the atmosphere
by 10 pg/m’ leads to an increase in the total mortality by 0.6%, from respiratory diseases —
for 1.2%, from heart diseases — for 0.6%. In 2012, about 3.7 million additional events of the
death are connected with air pollution from the stationary sources. The level of the
additional deaths due to air pollution in Ukraine reaches 30 thousand persons per year, and
following our estimates, the number of the additional deaths due to pollution by SO,
reaches 11 thousand people per year.

In Ukraine, the annual volume of the direct medical costs for treatment due to diseases
caused by air pollution exceeds 125 million USD (according to the International Centre for
Policy Studies). Taking into account the negative influence of the SO, on human health and
environment, introduction of the measures to reduce sulfur dioxide emissions at TPPs and
CHPs is necessary.

Thus, the interest is the issue of the assessment of SO, output concentration in dry flue
gas based on the fuel characteristics. This will select the sources of supply of coal of the
need quality into power plant and choose the desulphurization technology.

The purpose of this work was to develop an engineering method creation to calculate
specific dry flue gas volumes at TPPs and CHPs and the sulfur dioxide concentration
expected in the flue gas.
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Materials and methods

The expected specific volume of flue gas and sulfur dioxide concentration can be
calculated according to the standard method (it can be found in Teplovoi raschet kotel'nykh
agregatov — Normativnyi metod (1998); Metodika opredeleniya valovykh vybrosov
zagryaznyayushchikh veshchestv v atmosferu ot kotel'nykh ustanovok TES. RD 34.02.305-
98, Moskva, VTI (1998); HKD 34.02.305-2002. Vykydy zabrudnyuyuchykh rechovyn v
atmosferne povitrya vid enerhetychnykh ustanovok. Metodyka vyznachennya (2002)) at
known elemental composition of the coal (as received) — mass parts of moisture yy, ash vy,
sulfur (organic and pyritic) ys, carbon yc, hydrogen vy, oxygen yo and nitrogen yy. The
sulfate sulfur is a part of ash of fuel.

The dry flue gas consists of carbon dioxide and sulfur dioxide as well as molecular
nitrogen. The stoichiometric specific volume of dry flue gas Vgoq, mn3/kg, in the case of full
fuel burn-up and lack the absence of oxygen in them, is determined as:

V.

God

=8.893y, +20.9724y, +3.319y, —2.6424y, +0.7997y,, M

A similar formula can be found in [2]. To ensure efficient fuel combustion, the
combustion air is fed in excess. A certain amount of air enters into the boiler through
leakages (the spurious suctions). The specific volume of dry flue gas Vg m,’/kg, under
normal conditions, at the known value of O, content in them is determined by the formula
(in the case of full fuel burn-up):

21
21-0,

V., = (8.893y. +20.9724y,, +3.319y, —2.6424y,, +0.79977, ) ©)

According to Directive 2001/80/EC, during the combustion of solid fuels, the O,
standard content in dry flue gas is 6%. At this content, the first multiplier in formula (2) is
1.4 [=21/(21-6)].

The expected sulfur dioxide concentration Csp,, mg/mf, in dry flue gas under normal
conditions and standard O, content (under conditions of full fuel burn-up) is determined as
follows:

C. - 106'2%(1—’1/)(1—’1”[3)
% 1.4(8.893y, +20.9724y,, +3.319y, —2.6424y,, +0.7997, )

; A3)
where m; is the efficiency of the sulphur retention by ash (or by sorbent) in the boiler; 1,
is the efficiency of the flue gas desulfurization plant,  is the factor of the sulfur removal
unit operation.

Results and discussion

For the coal-fired TPPs of Ukraine, the fuel heat losses through unburned gas species of
fuel g,,%, are insignificant, less 0.1%. The heat losses due unburnt carbon g,,%, for the
TPPs that burn high-reactive coals — bituminous (B) and subbituminous (SB) coals are 0.2—
1.8%, and for the TPPs that burn low-reactive coals — anthracite (A) and semi-anthracite
(SA) are 3.6-10.0%.
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The heat loss due unburnt carbon ¢,,%, defines the carbon content in the fly ash and
bottom ash by formula:

=100-y,x|a, —2L—+qg, —L |x=C
qu yA [ fa 100_]4‘/“ sl 100—14le Qr (4)

where ay, is the part of fly ash in total ash; uy, is the carbon content in fly ash,%; afais the
part of fly ash in total ash; ufa is the carbon content in fly ash,%; O, is the lower heating
value of the fuel, MJ/kg; Q¢ is the heat of carbon conversion to CO, which is 32.68 MJ/kg.

The specific volume of dry flue gas under normal conditions and standard O, content of
with regard for the availability of mechanical unburnt carbon can be determined, as
follows:

O .&}20.9724%, +3.319y, —2.6424y,, +O.79977/NJ

V. =1.4/ 8.893
o) ( yc[ 100-7. QO

)

For calculation of the sulfur dioxide concentration in them, the expression is obtained:

10° 275 (l—ﬂ;)(l—ﬂnﬂ)

8.893y, [1 = 10(‘)’” g
Ve Y

Cso2 (qu ) =
1 4(

j+ 20.9724y,, +3.319y, —2.6424y, + O.79977/NJ

(6)

The relations (5) and (6) are the basic formulas that enable one to calculate the specific
volume of dry flue gas under normal conditions and standard O, content and the
concentration of the sulfur dioxide in them by the data of the elemental fuel composition in
the presence of unburnt carbon factor.

To simplify the calculations, we propose to replace the relations (5) and (6) by
engineering formulas such as:

Voy () =1.4(8.893y, +20.9724y,, +3319y, —2.6424y,, +o.7997yN)(1—ij )

100

c (q )= 10° 275 (1—711)(1—%[3) 1 ®)
T 1.4(8.8937 +20.9724y, +3.319y ~2.6424y, +0.7997, )| | _ 4
100

However, under actual conditions the lots of coal, which are supplied to the TPPs and
CHPs, are accompanied only by the data of technical analysis, where the following
characteristics are given: moisture content W',%, ash content A% %, and sulfur content
§? %, (as dry), lower heating value Q;. The data of technical analysis do not enable one to
calculate directly the specific volumes of dry flue gas and SO, concentration in them.
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Therefore, our method of calculating the expected specific volumes of dry flue gas and SO,
concentration sulfur uses only the data of the technical analysis.

The calculations of the specific volumes of the dry flue gas and concentrations of the
sulfur dioxide are made following the data of 96 certificates for coal products from mines
and processing plants of Donetsk coal basin, for samples of high-reactive and low-reactive
coals. The given certificates are drawn up and approved by the Ukrainian Coal Reaching
Institute, Luhansk. The elemental composition for each fuel sample was determined on the
basis of such certificates. In the Certificate in particular the characteristics are defined, as
follows: the coal rank, the production name (class), the volatile content ¥ (as dry ash
free),%, the ash content A° (as dry),%, the total sulfur S %, higher heating value Q,-d“-;
MIJ/kg, the total moisture content W, %, the pyritic sulfur Spd,%, the sulfate sulfur S.%,%, the
low heat value, the organic carbon C*,%, the organic hydrogen to H“,%, the organic
sulfur S,% %, the nitrogen and oxygen (N+O)d‘” %, etc. Le., the calculations were carried
out in according the standard procedure as per formulas (1)—(4) following the present
certificates.

The results of the calculation of the specific volume of the dry flue gas for the samples
of the high-reactive and low-reactive coal provided full fuel burn-up (¢, = 0) are shown in
Figure 1 and Figure 2.

It is specified, that the dependence of the specific volume of the dry flue gas Vg,
mn3/kg, from the fuel lower heating value Q/, MJ/kg, has linear character (Fig.1):

Vea = KQ/, (9)
where K —the factor that depends on coal metamorphism degree, mn3/MJ.

The K values for bituminous coal and separately for high-reactive (B, SB) and low-
reactive (A, SA) coals, are determined. The factor received by us, are well agreed with
sources published. Specifically, the K = 0.358 m,”/MJ is used for the high-reactive coal in
the National Emission Reduction Plans (NERP) of the Limited Gross Emissions
Calculation Rules.

The value of the K factor for high-reactive Donetsk coals is similar to European value.
For coal-fired boilers that burn low-reactive Donetsk coals, to calculate the volume of dry
flue gas need to use the local factor K = 0.368 m,>/MJ. The difference in the K values for
the high-reactive and low-reactive coals could be explained by high content of hydrogen
and oxygen in the high-reactive coals in comparison with the low-reactive coals. Therefore,
lower values of the specific volumes of dry flue gas are typical for the high-reactive fuel
(see the Figure 1).
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Figure 1. The dependence of the specific volume calculated of the dry flue gas formed under
coal combustion, from lower heating value (LHV) of the fuel: 1 - low-reactive coal (A, SA), 2 —
high-reactive coal (B, SB)
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Figure 2. The dependence of the specific volume calculated of the dry flue gas formed under
coal combustion, from ash content: 1 — low-reactive coal (A, SA), 2 — high-reactive coal (B, SB)
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Table 1
The empirical dependencies of the factor K from the lower heating value of fuel for different
types of coal

Type of coal K, m,*/MJ|
Coal, 0.363%*
including low-reactive coal (A, SA)| 0.368**
high-reactive coal (B, SB) 0.357%**

* Vea = 0.3630Q/ + 0.23; the relative error < 2.2%
** Veq = 0.3680Q, £ 0.16; the relative error 5< 1.3%
**% ey = 03570, £0.20; the relative error < 1.8%

The dependence of the specific dry flue gas volume Vg, m, /kg, from the ash content in
coal 49 (as dry): Vg, = a + bA" is being of interest for practical using. With this, the values
of a and b approximation coefficients will be also different for low-reactive and high-
reactive coal (Table 2). Obviously, the reduction of the dry flue gas volume during ash
content increasing — the proportion of the organic component of the coal is decreased
(Figure 2).

Table 2
The empirical dependencies of the specific volume of the dry flue gas from the ash-content of
the coal for different types of coal

Coal grade Dependence

Low-reactive coal (A, SA)| y, =11.70 — 0. 12Ad, 5<1.9%

High-reactive coal (B, SB)| y/., =10.20 — 0. 10Ad, §<3.1%

The empirical dependence of the calculation through calorific value of fuel Vg,=KQ, is
proposed to use for calculations of specific volumes of dry flue gas. The empirical
dependence of the calculation through the ash content Vg, =a + bA is recommend for using
as evaluation.

Also, the empirical dependencies of the sulfur dioxide concentration in the dry flue gas
Csoa, mg/mn3, were obtained from the sulfur content S and ash content 4 in the fuel for
two groups of the coals — high-reactive coals (B, SB) and low-reactive coals (A, SA) which
are well approximated by the dependence type

Csor = S'(ad” + b), (10)
where a and b are the approximation coefficients.

Such dependencies are shown in Table 3 for two groups of coal mentioned and boiler
type (slag removal type) provided full fuel burnout (g, = 0) [3]. The dependencies are given
for the event of the non-availability of desulfurization facilities.
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Table 3
The dependencies of the SO, concentration in dry flue gas, mg/m,’

Coal boiler Low-reactive coal | High-reactive coal
Cso:= S7(1400 + 244)|Cs0,= $7(1350 + 3147,
5 <1.9% 5 <2.6%

Cso:= 871500 + 254%),|Cs0r= 571450 + 3247,
5<1.7% 5<2.7%

Dry Bottom Boiler

'Wet Bottom Boiler|

For practical verification of the accounting the heat loss due unburnt carbon ¢, for
determinations of the specific dry flue gas volume and SO, concentration, the calculations
following the formulas (5), (6) and (7), (8) for all 96 types of coal products were made. The
calculations show that such formulas give similar values with relative error less than 0.6%
at values ¢4 to 10.0%.

The heat loss due unburnt carbon ¢, leads to reduction of the specific volume of the dry
flue gas and to increase of the sulfur dioxide concentration expected in dry flue gas in 1/(1
— ¢,/100) times in comparison with full fuel burnout, respectively. To account the unburnt
carbon availability (g, > 0), it is proposed to use the dependencies: Viu(q.,) = Voa (1 —
¢./100) and Cs02(q.) = Csoa /(1 — ¢./100).

The developed engineering method of the specific emissions calculation of the dry flue
gas at the TPPs and CHPs and sulfur dioxide concentration in it is proposed to use in a
range of the fuel ash content A4/ from 4.0 to 50.0% and lower heating value of fuel O, from
14.5 to 32.0 MJ/kg.

The calculations of the specific and gross emissions of the dry flue gas at the TPPs of
Ukraine and sulfur dioxide concentration in it since 2012—2016 were carried out following
the method developed. The information on quality, coal consumption that is supplied at
TPP and g, from TPP official statistical reports were used for calculations. The calculations
results for the coal-fired TPPs and 5 generation companies of Ukraine for 2012 are shown
in Table 4. The values of the gross emissions of the dry flue gas and sulfur dioxide in dry
flue gas obtained during the calculations are well coincide with the data represented by the
TPPs and generating companies of Ukraine for 2012 (National Emission Reduction Plans
(NERP) of the Limited Gross Emissions Calculation Rules).

The general results of the gross emissions’ calculations of the dry flue gas and the sulfur
dioxide concentrations in it at TPPs that burn low-reactive coal and at TPPs that burn high-
reactive coal since 2012-2016, are shown in Table 5. In last year’s, the volume of the gross
emissions of the sulfur oxide at the coal-fired TPPs of Ukraine reached 1000 thousand tons.
The gross emission of the sulfur oxide decrease at the coal-fired TPPs of Ukraine up to 800
kilotons (kt) in 2015 is connected with the electricity production loss more than 30%. In
recent years, the values of the specific sulfur emissions at the coal-fired TPPs of Ukraine
are at the level of the 16-20 g/kW-h of the electricity supplied against 1.2 g/kW-h of the
electricity supplied — the today’s average European level (following the data of the renew
Energy Strategy of Ukraine till 2030). It is explained by using of coal with average and
high sulfur content (see Tables 4, 5) at the TPPs of Ukraine and increasing the share of coal
in the fuel balance of TPP.
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Table 4
The information on quality and coal consumption, the calculation results of the dry flue gas
volume and sulfur dioxide specific and gross emissions at coal-fired TPPs of Ukraine, in 2012

Coal quality o Calculation of the method TPPs’ data
S proposed
7] Ard ®
Generating | < | LHY, Ad,% Sd,% sz| &
Company/ | 5,[MJ/kg Ee| & |, %
pany’ | e Ze| 5 [Iw7° % C Ve | so . | Vear | SO
TPP = E=| 2 Gds S0y ? 2
3 SEl 2 m,kelmgim?| "0 | ke | P ke
Q < ==} n LA m
=
=
PJSC Donbasenergo 1.474.38 33.3(1107.6 | 32.7| 92.7
Starobeshivska :A 22.04|24.1|1.45|3.03 |WBB|4.12| 7.55 |3172.5|22.9| 72,7 |22.3| 57.4
Slov’'yanska | A|22.16|23.5|1.53 | 1.34|WBB|4.70| 7.77 |3348.4| 10.4| 34,9 | 10.4| 35.2
PJSC Centerenergo 2.2118.30 66.0 | 325,51 70.9 | 311.1
Vuhlehirska SBE; 22.57|22.9|3.22|2.60 WBB|0.17| 829 |7195.7|21.5|154.8 |21.4|143.2
Trypilska :A 22.82123.9|1.53|2.56 |WBB|0.36| 8.63 |3418.7| 19.6 | 66.9 | 18.2| 68.2
Zmiyvska :A 23.03| 23.6|1.92|3.14 |WBB| 3.50| 7.93 |4170.8|24.9 | 103.8 | 31.4| 99.7
PJSC DTEK Dniproenergo 1.83 | 7.90 62.6 | 258.0 | 62.0| 306
Kryvorizka SA|24.35| 23.2|2.14| 3.75 |WBB| 3.85| 8.36 |4634.4|31.3|1452|27.7|1755
Prydniprovska | A, | 22.56 | 25.1 | 1.29| 1.99 |WBB| 9.00 | 7.33 |3011.8| 14.5| 43.8 | 16.5| 54.6
SA
Zaporizka B,|21.08 | 25.2 | 1.78 | 2.17 |WBB| 0.38 | 7.73 |4122.6| 16.7| 69.0 | 17.9 | 76.1
SB
PJSC DTEK Zakhidenergo 1.881 8.09 62.8 | 264.6 | 55.2 | 232.6
Burshtynska | B,| 21.33 | 22.6 | 1.97 | 4.70 |WBB| 1.22| 7.75 |4426.6| 36.4 | 161.3 | 33.3 | 138.7
SB
Dobrotvirska | B,|22.44 | 24.1 | 2.09| 1.14 |DBB| 1.09| 8.17 |4539.2| 9.3 | 422 | 7.4 | 355
SB
Ladyzhynska | B,|20.73|23.0 | 1.59| 2.25 |WBB| 0.43| 7.60 |3571.9| 17.1| 61.1 | 14.4| 58.4
SB
LLC DTEK Skhidenergo 1.68] 8.80 63.3251.2 | 66.1 2434
Zuivska SBE; 19221 30.1 | 1.93 | 5 o5 [WBB| (3| 7.05 |4756.6| 135| 832 | 196 | 85.4
Kurakhivska SBE; 17.67 | 36.9 | 1.67 | 3 45 |PBB| 5 4| 6.37 |4323.6| 51 ¢| 943 | 223 915
Luhanska :A 24.43 | 18.7 | 1.46 | 5 75 |WBB| 4 11| 8.36 |2991.5| 53 5| 637 | 239 66.4
Total 1.85137.46 288.1{1207.0({287.0|1186.0

*WBB — Wet Bottom Boiler (liquid slag removal), DBB — Dry Bottom Boiler (dry slag removal)
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Table 5
Information on installed capacity, power supply, quality and consumption of coal and the
calculation results of the dry flue gas’ and sulfur dioxide specific and gross emissions at coal-
fired TPPs of Ukraine since 2012-2016

Coal quality
Installed Power Fuel % ¢ S0,,
TPP capacity, | supply, , consumption, , ; “, S0» -\ g/KW
minkW | TWh M%,kgAd,% S,%| mintons |PMM | KB,
2012
Total 21.73 71.7 1.85% 37.46 288.1 1207.0 16.8
of which o 36.7 o 536.0
A, SA 12.06 (55.5%) (51.2%) 23.2 |123.1| 1.7 [18.56 (49.5%) 146.6 (44.4%) 14.6
35.0 671.0
0 0
B, SB 9.67 (44.5%) (48.8%) 20.5 |26.1| 2.0 [18.90 (50.5%) 141.5 (55.6%) 19.2
2013
Total 21.94 71.1 1.93% 36.85 286.1 1244.6 | 17.5
of which o 34.7 o 562.1
A, SA 12.21 (55.6%) (48.9%) 23.3 |122.7|1.83(17.78 (48.3%) 140.3 (45.2%) 16.2
B,SB |9.73 (44.4%) (5?;61;]) 20.9 |24.6|2.04(19.07 (51.8%) 145.8 (56‘??;02) 18.8
2014
Total 22.30 62.0 1.82% 32.52 251.0 1038.0 | 16.7
of which o 28.5 423.5
ASA 1244 GS8%) g ivy | 234 [22:2]168]14.52(44T) | 1148 | Lo | 148
B,SB |9.86 (44.2%) (523002) 20.8 |27.4(1.93| 18.0(55.3) 136.2 (5691;]2) 18.4
2015
Total 22.36 49.0 1.73% 26.70 202.1 818.2 16.7
of which o 15.6 o 249.7
A, SA 12.49 (55.9%) (31.7%) 23.0 |24.2(1.72(8.36 (31.3%)| 66.5 (30.5%) 16.0
B,SB |9.87 (44.1%) (63833;) 20.2 |28.7|1.74 [18.35 (68.7%) 136.6 (6596202) 17.0
2016
Total 22.34 52.7 1.91* 29.42 224.7 993.5 18.8
of which 214 . 430.0
A, SA 12.44 (55.7%) (40.7%) 23.7 |23.4| 2.0 [12.3(41.8%)| 97.2 (43.3%) 20.0
B, SB 9.90 (44.3%) (53130’2) 19.9 |28.9]|1.85(17.1(58.2%)| 127.5 (5566:;02) 18.0

* average value

Besides, the service operation of coal-fired TPPs’ power units took place on the basis of
the obsolete process flow sheets that were developed in the 1960s. As of January 1, 2017,
among 88 coal-fired TPPs’ power units of Ukraine, 67 power units with a total installed
capacity of 15.5 million kW (69.5%) were in operation for 250 thousand hours.
Furthermore, 4 power units with an installed capacity 1.1 million kW (4.9%) were removed
from service. The wear of equipment leads to fuel over-expenditure, decrease in the
working power, and worsening of the ecological parameters. The average efficiency of
these power units is about 31% (for comparison — 45% at operation under the base regime
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in the developed countries). In this regard, high specific expenditures of the reference fuel
are observed: in 2015, they were 400.8 g of coal equivalent per 1 kW-h of electricity
supplied and, in 2016, 403.7 g of coal equivalent per 1 kW-h.

The power units are equipped with the dust collectors only, none of the TPP has the
plants of flue gas cleaning from sulfur dioxide and nitrogen oxides emissions. Moreover,
the Ukrainian TPPs are mainly equipped with wet bottom boilers (see Table 4), the
efficiency of the sulfur retention of which is 5%.

It should be noted, that the implementation of the Directive 2010/75/EU on industrial
emissions is foreseen the sulfur oxide emissions reduction at the coal-fired TPPs and CHPs
of Ukraine up to 56 kt, in 2033.

Using the developed method, we also performed calculations of the specific and gross
volumes of dry flue gases at the Darnytska Combined Heat and Power Plant (CHP) and
sulphur dioxide concentration in them in 2008-2015. In Table 6, we present the results of
these calculations.

Table 6
Data on the quality and consumption of coal (grade A) and results of the calculations of the
specific and gross volumes of dry flue gases and sulphur dioxide emission at the Darnytska CHP

in 2008-2015
Coal quality

Years ) . 00:::::1 _ | Partin fuel | Vg, Cso,» Ve, | SO,

LAV, | A% | S, DSUTP | palance, % | m,Y/kg | mg/m,® | blnm® | Kt

MJ/kg % % tion, kt n
2008 21.36 [25.08| 1.32 138.51 40.2 7.08 3119.6 0.98 3.06
2009 21.95 [22.70| 1.45 163.85 44.0 7.27 3331.0 1.19 3.97
2010 22.66 [20.49| 1.52 182.89 42.3 7.51 3398.5 1.37 4.67
2013 22.86 [21.23| 1.62 452.87 58.9 7.57 3655.3 3.43 12.54
2014 23.27 [20.22| 1.38 459.04 65.7 7.71 3075.1 3.54 10.88
2015 22.80 [22.59| 1.11 378.79 61.9 7.55 2546.5 2.89 7.28

At present, six steam drum wet bottom boilers of high pressure work at the Darnytska
CHP. All steam boilers were designed for the burning of coal of grade A.

It is worth noting that the Darnytska CHP is located in the industrial zone of Darnytska
district of the city of Kyiv, at Khotkevycha Hnata str., 20. The nearest dwelling building is
located to the south-west direction at a distance of 600—800 m from the main sources of
emission. During the recent years, the average daily emission of sulfur dioxide is 20-35 t.
The Darnytska CHP is the significant contaminant of environment in Kyiv.

Conclusions

1. We developed an engineering method for determining the specific volume of dry flue
gases and expected sulfur dioxide concentration in coal-fired boilers under normal
conditions, based on the data of fuel technical analysis.

2. We obtained empirical linear dependencies of the specific volume of dry flue gases on
lower heating value and ash content in the fuel. These dependences are different for
low-reactive and high-reactive coals.
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3. Empirical linear dependencies of the expected sulfur dioxide concentrations on the
values of sulfur and ash content in the fuel for low-reactive and high-reactive coals
were derived.

4. Tt is shown that, in the presence of unburned carbon the specific volume of dry flue
gases decreases by a factor of 1/(1 — ¢,/100), and sulfur dioxide concentration grow in
the same proportion.

5. According to the obtained dependences were calculated the volumes of dry flue gases
and gross SO, emissions at Ukrainian thermal power plants in 2012—-2016. The values
of specific sulfur dioxide emission in recent years are at the level of 16-20 g/kW-h of
electricity supplied, which is 13—15 times higher than the average European level.
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Introduction. The work is devoted to improving the
quality of computer-aided design of food and chemical
equipment by reducing the weight of their parts while
maintaining the reliability of the machines as a whole.

Materials and methods. The stress-strain state of round
shells operating under distributed load is investigated. In
apparatuses of increased pressure, such parts are the
bottoms. The calculations use mathematical methods that
use the functions of Gauss, Whittaker and Cumera. For such
calculations, the Maple 13 program was used.

Results and discussion. It is established that round
plates of constant thickness turn out to be constructively
irrational. In this connection, the paper proposes a transition
to designing round plates of variable thickness and a method
for designing such plates is being developed. An analytical
method for determining the stress-strain state of plate-
shaped parts of circular shape and variable thickness during
bending is developed, which allows obtaining a solution in
the most convenient form for analysis (in the form of
formulas). The boundary of the circular plate is a circle, so
the polar coordinate system is used for calculations. The two
functions of Whitaker of the first and second kind were
involved in the denouement. Comparing the parameters in
the Whitaker function and in Kummer functions, we defined
a new form for the -eigenfunctions. Checking the
equivalence of the transition to Kummer functions is
performed in the program Maple 13. Full coincidence of the
graphs of the eigenfunctions indicates the correctness of the
replacement. The functions of Kummer and Whittaker
belong to the class of degenerate hypergeometric functions,
they are used to construct solutions in certain problems of
physics, astronomy, and mechanics.

Conclusions. A method is proposed for designing
rational diametrical cross-sections of machine elements and
apparatus, which have the form of circular plates.
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Introduction

One of the most important technical characteristics of the machines and devices is their
weight. When developing new and improving existing designs, designers are always
seeking to reduce material consumption and reduce the weight of products. The best known
technical solutions and recommendations for the design details dimensional structures —
rods. Beams — core operating bending — made from standard rolled sections (beams,
channels, rails, etc.), In which the material is largely removed from the neutral axis, thus
providing multiple increase in axial moment of inertia, strength and rigidity. Gear — rods
working in torsion — in many cases, are shaped pipes and compared with a solid cross-
section of the same area of strength and stiffness characteristics increase several times.

Similar advantages are achieved by weight in the disc-shaped parts. Gears, pulleys,
flywheels, wheel vehicles in the middle of the drive are thin, often facilitated holes or
spokes (wheel bike). Such designs have less mass and, hence, lower cost, high
competitiveness.

Development of machines, apparatus and their parts with a minimum weight is more
difficult to design because it requires unconditional providing strength with increasing
complexity of such schemes calculated essentially heterogeneous products.

Analytical review

The quality of the machines of the same designation estimate the specific gravity,
defined as the quotient of weight G on the main parameter. For example, energy and others.
machines such parameter is the value

&=y

where N — the power unit.

It is a composite index that takes into account the degree of structural perfection and
use of light alloys and non-metallic materials. For example, modern tanks, the Figure is:
Leclerc (France) g = 50 kg / kW, T-84 (Ukraine) g = 52 kg / kW M1A2 Abrams (USA) g =
56,8 kg / kW, T90S (Russia ) g= 63,2 kg / kW.

In the transport engineering quality estimate dimensionless ratio g; weight design to the
mass of the payload. For sea transport g, = 20 — 30, Track g; = 10 — 20, for automotive g; =
3 -5, for aircraft g, =1,2-2,5.

Feature of machines and devices food and chemical industries have a huge range of
types and dribnoseriynist, and some of them are available in single copies. The main
indicator of the quality of vehicles and machinery in the chemical industry is the reliability
of their work, ie property vehicles or machines perform their functions, while maintaining
their operational performance to set limits for the required period of time or the required
operating time. In this regard, designers often dealing with reduction of material last. The
textbook [5], for example, states: «The current level of chemical production requires
designing and manufacturing machines and equipment quality. Other possible with the
optimal combination of these technical and economic parameters: maximum working
volume, high productivity simplicity, reliability and safety at work, energy and the lowest
metal contenty.

But there are exceptions: nowadays to store liquid materials received widespread use
of vertical cylindrical shell with variable speed wall thickness that decreases in height. For
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small volume tanks, 10 — 20 m’, saving material goes low, 8 — 10%, but the order volume
of 10,000 m® — 35% compared to the reservoir wall with constant thickness [6].

A similar result can be obtained also in the design of machine parts and devices in the
shape of plates, including a circular shape (covers, bottoms, aperture devices, etc.). In a
circular plate of radius R, which is bent uniformly distributed load ¢, bending moment turns
radially distributed very unevenly. When joints leaning on the circuit in the center of a plate
having radial and circumferential moments of equal magnitude

M,(0)= M(0)=0,2084+", )

whereas in circuit
M,(R)=0; M,(R)=0,0835¢:". )

The value of bending moments from the center to the periphery of the circular plate
pivotally obpertoyi, as we see, reduced by 2,5 times.

For the same plate with rigid circuit pattern of change of bending moment is different,
but also essential. In the center of bending moments

M,(0)= M(0)=0,0833¢+°, 3)

and the circuit
M,(Ry=—0,125qr*; My(R)=—0,042q". )

Here is larger by 1.5 times (in absolute value) is bending moment on the circuit.
Besides the two points changes sign, so a value of radial coordinate » = (0,6R ... 0,8R)
bending moment is zero at all [1].

From the above analysis shows that the round plate thickness are constant constructive
irrational. In this regard, in this work the transition to designing circular plates of variable
thickness design method is developed and such plates.

The issue of circular plates with thickness variation studied by some authors find
solutions using power series, methods or finite element mesh. Overview on the subject is in
monographs [4, 8]. Solutions to some problems such plates are shown in tabular form in the
directory. [1] This paper developed an analytical method for determining the stress-strain
state of the plate parts round shape and variable thickness when bent, which provides a
solution to the most convenient for the analysis of closed form (a formula).

Purpose of the work

The aim is to improve the quality of machine parts rivnonapruzhenyh design by
reducing the weight of the respective components while maintaining their reliability
through the development and implementation of mathematical models of circular plates of
variable thickness, which is under transverse load.

To achieve this, the work was made and solved the following problems:

- Analytical review of the conditions of establishment and operation rivnonapruzhenyh
machine parts and methods of computer-aided design;

- the basic characteristics of the strain of round plates, used for their mathematical
modeling;

- the mathematical model of bending circular plate variable thickness Gaussian
function given in the form of second order differential equation with variable coefficients;
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- performed computer simulations circular plate of variable thickness of the rocker
bearing on the external circuit and the main characteristics of the stress state of circular
plates of variable thickness bending.

Result and discussion
1. Characteristics of circular plates deformation

The action of transverse load ¢(r) on a round plate, mounted symmetrically in the
district towards the central axis z, moving its middle surface (deflection) is also a function
of radial coordinate only, w(r). Such deformation is called axisymmetrical. For plate
thickness /A(r) will only variable in the radial direction deflection w(r) and remain
axisymmetric stress state [12 — 14].

The frontier is a circular plate circumference, so the calculations used polar coordinate
system. And for the aggregate points located at the same distance r from the center of the
plate curvature radius curved middle surface in the radial direction and the district will be
different, according p; and p,, Figure 1.

o8

P

Figure 1. Geometric features curved surface of a circular plate

The angle of the bent middle surface ¢(r) associated with the deflection w(r) and the
radius of curvature of dependency [8]

— =k =P, M
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1 1 dw
Lo -2 Law @
o r rodr

where k; 1 k, — curvature of the curved middle surface in the radial and district areas.

Plate thickness /(r) and the load g(r) in the district feel the same direction as the bent
middle surface shape is symmetrical axis z. Differential equations of axisymmetric bending
of circular plates of variable thickness /4(r) for determining the deflection w(r) is the fourth
order [1]

DV2V2w+d—D 2613w+2+y dzw_ dw +asz d2w+ydw 40 3)
dr ar’ roodrt  rdr a* \ ar*  r dr 7

where variable stiffness cylindrical plate

D(r) = Eh3(r)

RESY @

Here, E, n — modulus and Poisson's ratio — the mechanical characteristics of the material
plates are considered constants.
In the formula (3) differential Laplace operator

_dzw 1 dw

Viw —+——.
dr r o dr

©)

We believe that ¢> 0 and w> 0 if they are directed downwards.

2. The differential equation of bending circular plate variable thickness given
Gaussian function

Radially variable thickness  describe addiction, called the Gaussian function

h(r) = h, exp( gR J , (6)

where R —radius contour plate, 4, — its thickness at the center, n — parameter.

Description form radial crossing plates expression (6) is quite common, because this
formula simulates the plate in which the thickness or increases from the center to the
periphery (for n> 0) or decreases (when n <0), and the parameter n determines intensity
changes thickness.

To calculate bending moments to find deflections of the fourth order equation (3) is not
necessary, since these factors can be expressed in terms of angles in the formula (2):

dw
P(r)= = (7
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Substitution in equation (3) deflections at angles according to the dependence (7)
allows the lower order differential equation (3) to the second:

d(dg ¢\ dD(dg ¢\ 17 ar
D;(;-}-;j-}-;(;%—ﬂ:j— rz!.q(r)rdr— ) , (8)

Here the importance of the right to a received load g, evenly distributed across the
surface of the plate.
If the solution of equation (8) is received, the deflection can be found by integration of

the expression (7): w(r)= —J.q)(r)dr+C0 . Continuous integration C, determined by the

condition fixing plate.
In (8) to the dimensionless coordinates, replacing r=x'R. The formulas for cylindrical
rigidity (4) and its derivative thickness (6) have the form

Eh; nx’ dD Eh}  nx nx’
D=———-exp| —|; —=—"5-—exp| —|.
12(0-p%) 2 dr 12(1-u°) R 2

After substituting (9) into (8) and some transformations we obtain the differential
equation of 2nd order with variable coefficients

d'¢ +(£+nxj%—(;—z—;m}b = —%jq(p)pdp = —ﬁxexp[—%} ,

)

2
dx X

(10)

where the dimensionless factor

R3
p=6(1-pu) L. 2 1
D =6( u)E x (11)

Get the solution of equations with variable coefficients, which is also (10), using
elementary functions often can not [1, 2]. So turn to mathematical program Maple 13,
where there is a corresponding mathematical apparatus. Using this program replaced the
designation function @(x) — y(x), recorded respective teams and obtained the following
results.

d? 1 d 1 L g?
Ey(x)+(;+n-xj-(Ey(x)j—(x—z—m-nj-y(x)+p-x-e2 Ey(x)+

1
+(l+n-xj-(iy(x)j—(%—m-nj-y(x)+p-x-ezm
X dx X
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e 1 111
e * Whittaker M | —m——,~,~nx* |- Cl
2 222
y(x)= +y(x) =
X
| 1
——nx* . 1 —nx’ .

e 4 Whittaker M fm—l,l,lnxz —-Cl e * Whittaker W lm—l,l,lnx2 -C2
_ 2 222 N 2 222 3
X X

1,
L e 4 Whittaker W lm—l,l,lnx2 -C2 L
_pxe? 2 2°2°2 _pxe?
n(=3+m) x n(=3+m)

This solution involved two functions Uittekera (FU) first and second kind, also used in
[9]. For these functions in mathematical notation used literature M (z) i W ,(z), [6]. In this
case, the parameters k=0,5(p—1), s=0,5, z=0,5nx" and the angle defined by the formula

2 2 2 — 2
x)=x"ex e CM Al +C. W LAl + px ex e .
e p( T e AU | MER T A W

(12)

It features its own differential operator equation (10)

Py =X exp(—nx2 /4)MH71 (nx2 /2); Vi, =X exp(—nx2 /4)Wﬂ;l 1 (nx2 /2) .
2 272

0=

(12a)
The negative rate of the dimensionless radius of (x ') creates uncertainty at x — 0. You

can get rid of this feature, if you replace a solution for FU Kummer function of the first and
second type M (a, b; z), U (a, b; z). For this we use depends on [7]

M, (2)=z"""exp(-z/2)M (0,5+k+s5,1+25;2);

W, (z)= P exp(—z/ 2)U(0,5 +k+s,1+ 2s;z)

Comparing the options in the FU and Kummer in functions, define the parameters of
a=(1+p)/2, b=2 and form a new shape to their functions (12a):

nx nx’ 3—u nx’* nx nx’ 3—u nx*
=—exp| —— M| ——, 2, —|; =—exp| —— |U| ——, 2;, —|.

Yk > p( 5 ) > Yk > p ) > )
(13)

Check equivalency conversion functions Kummer made in the program Maple 13 for
values of parameters p = 0,3; n =4 and shown in Figure 2.
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yK =2-x-exp(-2-x*)-Kummer M (1.35,2,2-x%);

2-x-e 2" Kummer M (1.35,2,2-x>)yK =2-x-exp(—2-x*) - Kummer M (1.35,2,2 - x*);
2-x-e 2" Kummer M (1.35,2,2 - x%)

Yt ]
FYr1 ]
0,24

0,6
0,4-
0,2-

U T I ! T T T T T T
0 0,2 0,4 0,6 0,2 x 1

Figure 2. Graphs and functions yy, i yx, at values of n=0,3; n=4.

Full schedules overlap their functions (green curve corresponds to the solution of
Kummer and function for all values of the argument x «covers» black, which corresponds
to the solution with FU) indicates the correct replacement done. Additionally executed
program Maple 13 difference calculation variables studied functions, not exceeding
|2+ 107, that is within the accuracy of calculations, Figure 3.

1, %1077 1
Y1~ ¥ |
04 Uil 0 e ol I

X
118 | I

-1, %1077

-2, %1077 -

Figure 3. The difference y,; functions and y,

Note that the functions and Kummer Uittekera belong to a class of degenerate
hypergeometric functions, they are used for the solutions to some problems of physics,
astronomy and mechanics.

Custom functions (13) is the product of three functions, a power, exponential and
Kummer, it's an argument to this problem lies in the range (0 ... 1). The first two the factors
in this range are limited quantities for research on the nature of those products should take
into account the behavior of a third factor, functions Kummer range [11]. For clarity, this
research program Maple 13 made their construction surface features (13), yx and yp,
variable in the range 0 <x <1 for values of Poisson's ratio p = 0,3 settingn =-6 ... 6.
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2

1 L 1 1 L 1
En-x-e2 KummerM(1.35,2,5n-x2j; En-)re2 KummerU(1.35,2,5n-x2j;

2

1 1
1 ——n-x 1 1 - 1
En-x-e 2 KummerM(1.35,2,5n-xzj; En-x-e 2 KummerU(1.35,2,5n-x2j;

The result of the calculation is shown in Figure 4.

Figure 4. The surface features y;;(x) and y;,(x), depending on the parameter n

Figure 4. Illustrates important features received their functions:

(a) — yu(x) is limited in investigations (practically important) ranges argument x and the
parameter n;

(b) — function y»(x) increases indefinitely at x — 0;

(¢) — function yp(x) for values of n <0 is not defined range of valid numbers, iec at
negative values of n it is a function of a complex variable [7].

Solution of equation (10) using their own functions (13) has the form

2 2 2 2
¢(x):ﬂexp ™ cM 3ok ,2; m +C,U 3k ,u’ 2; L R . exp L
2 2 2 2 2 2 (B-wn 2

. (14)

The above feature (b) own functions y(x) at a value of x=0 is due to the nature of its
factors, Kummer second order function U(a, b; z), with the argument z=0,5nx". Angle AC,
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normal to the curved middle surface at x=0 must be zero (see. Figure 1) and the condition
¢(0)=0 execute accepting C,=0. As a result, equation (14) takes the form

n

_len 2 N G
(;S(JC)—{Cl 2F,<l (x)+(3_#)n}ce p( 5 J , (15)

where the function of the first kind Kummer taken designation

2

STH g M)
M(T, 2, ) j FKl(x) . (16)

In equation (15) remained a constant C;. For its definition should be used boundary
conditions on the contour x=R.

Conclusions

A method for designing rational diametric sections of elements of machines and
devices in the shape of round plates.

The mathematical software for the analytical method to minimize the mass of circular
plates at a bend, which was first used functions and Kummer Uittekera belonging to the
class of degenerate hypergeometric functions. Solution of the problem presented quite
simple formulas.

The example design forms uniformly loaded circular cross section obpertoyi hinge
plate analysis which showed the possibility of reducing weight by 40%.
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Introduction. The article is devoted to the question of
control system forming by the personnel of meat processing
enterprises, and its clarification structure. Determination of
integral index of control system efficiency estimation is
offered by the personnel of the enterprise.

Materials and research methods. The next methods are
used in the research: systems analysis in the questions of
structure forming of control system and its application by
personnel in practical activity of the enterprise of meat
processing industry; analysis and synthesis, analogy and
comparison — in methodology of efficiency system estimation
of personnel management.

Results and discussions. The problem of forming the
effective system of personnel management is one of the most
essential for modern management of the enterprise (or
organization), as with scientific and practical side of the
research. Taking into account the specific of meat processing
enterprises, necessity of control system perfection of personnel
of the enterprise. The next subsystems of control system of
personnel are offered: informatively-legal, analytical,
organizational, motivational and controlling.

For the estimation of control system efficiency of
personnel of the enterprise is offer methodology that provides:
determination of single indexes that characterize this system;
choice of standard value of indexes for comparing with actual
indexes; calculation  of integral index of this system
efficiency.

Conclusions. Offered approach of the improvement of
control system allow the personnel of meat processing
enterprise do corresponding conclusions for the further
planning of labour productivity, search of perfection norms of
labour and rational use of labour resources productivity,
providing stability of skilled employees, increase of
motivational suggestions at development of skilled strategy of
the enterprise. Methodology of efficiency estimation of control
system of the personnel management on the basis of the most
widespread economic indicators differs by availability and
simplicity.
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Introduction

Strengthening of globalization processes and integration of Ukraine to the world
community pull out modern requirements before personnel management that is related with
creating new skilled strategies, providing of skilled and intellectual culture safety,
informatization.

The problems of methodology and practice of personnel management are investigated
in researchers of such scientists, as H. Aguinis [1], M. Armstrong [2], L. Balabanova [3],
A. Baron [1], M. Bukovinska [4], W. Cascio [2], M. Foot [5], C. Hook [5], I. Lozinskiy [6],
M. Marchington [7], A. Osipova [8], L. Stout [9], J. Stredwick [10], A. Wilkinson [6] and
other. Doing justice their scientific work of this range of problems, it is necessary to notice
that research of control system efficiency of personnel of the enterprise is continuous
process, especially in a competition environment. Therefore, it is necessary to make the
research of control system efficiency estimation of the personnel of meat processing
enterprises for further innovative development.

Materials and methods

The next methods are used in the research: systems analysis in the questions of
structure forming of control system and its application by personnel in practical activity of
the enterprise of meat processing industry; analysis and synthesis, analogy and comparison
is in methodology of efficiency system estimation of personnel management.

For methodology approbation by the efficiency estimation of personnel management
the researchers have selected the activity of Public Joint-stock Company
“Kremenchugmiaso” during the period from 2001 till 2015, which is the powerful domestic
enterprise, certificated after the standards of ISO, that is complemented to ten of most
enterprises of meat processing industry of Ukraine. The total amount of employees on the
Public joint stock company “Kremenchugmiaso” is 1740 persons, production capacity
about 70 tons of sausage products on twenty-four hours, general area of the enterprise is 14
hectares.

Results and discussions

In modern terms the control system of the personnel of enterprises of meat processing
industry must take into account its specific and «weak points»:

— Application of out-of-date and ineffective organizational structures of enterprises
(meat-processing plants);

— Low level of personnel qualification and worker’s property accountability for final
results;

— Insufficient level of stimulation for workers that engage in development and
introduction of innovations on the enterprise;

— Absence of program development of stress management for the workers of the
enterprise (especially slaughterhouses);

— Requirement in the certification of enterprises on standards: ISO 9000 «control of
quality system»; iso 14000 «system of environment control»; ISO 22000 «system
of safety foodstuffs providing;

—— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 2

351



Economics and Management

— Requirement in introduction of social standards of OHSAS 18000 “system of
labour safety control»; iso 26000 “social responsibility guide», SA 8000 «system
of social responsibility control», that provide safety concerns and health of
workers, bringing up in the staff good attitude for quality and safe labour;

— Presence of heavy and harmful terms of labour, high level of hand labour
(especially in abattoir building);

— Insufficient level of enterprises providing of highly skilled workers;

— Complication of establishment of scientifically reasonable norms and actual
account of charges of energy resources on unit of concrete type of products at the
wide range of products assortment (over 200 names);

— Application of big amount of quantity and production norms on production and
setting of labour norms that gives the possibility for their manipulation.

Generalization of theoretical researches of forming the control system of personnel on
the enterprise showed that most authors distinguished its next subsystems: analysis and
planning of personnel; hiring and recruiting of personnel; personnel motivations;
personnel estimations; management of personnel development; labour conditioning;
informative providing of personnel control system; development of management
organizational structure; legal providing [8, p.185]. For providing effective control system
of personnel on the enterprises it is necessary to apply progressive foreign technologies of
personnel management which are described in scientific works [1, 2, 5-7, 10]. The next
subsystems of control system of personnel on the enterprise are offered:

Subsystem of the informatively-legal providing: study of labour changes and other
legislation in the field of personnel management and labour economy; branch positions;
labour market tendencies; wage changes, indemnifications, additional charges, bonuses
system and others like that. Preparation of normative documents, instructions, positions and
others like that are also needed. Information promotion on the web-site of the enterprise
about vacancies, news of labour collective, social projects and charity actions are necessary
too.

Analytical subsystem: development of skilled politics and skilled strategy; skilled
planning; forecasting of personnel requirements; collaboration with organizations that
provide staff for the enterprise; reception account and personnel liberation, moving;
organization of effective personnel use; forming of skilled reserve; skilled office work and
other.

Organizational subsystem: selection and personnel recruitment; realization of
interviews, tests, questionnaire for the display of intellectual level, professionalism,
communicativeness and other necessary quantities; personnel evaluation, attestation and
rotary of personnel; estimation of knowledge level, practical skills, confirmation of mastery
and personality responsibility; estimation of executable work and its results; realization of
arrangements, sent to the exposure of accordance with the results of activity, qualities and
personality potential of worker to the requirements that is pulled out to executable work;
improvement of labour norms; tariffing of labour process; creation of safe terms for
employees’ labour; observance of labour psychophysiology, ergonomics, technical
aesthetics; establishment of corporate culture norms and others.

Motivational subsystem: development of the systems of motivation; development of
personnel participation forms in incomes and capital of the enterprise; development of
arrangements of material and non-material personnel stimulation of; organization of studies
and in-plant personnel training; management adaptation of workers; organization of the
tutorship system; management professional advancement and employees career, providing
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of social workers defence: organization of feed, medical and home service, rest, social and
health arrangements, social security; conflicts and stresses management.

Subsystem of controlling: providing of skilled safety; maintenance of high level of
social labour relations; control of functional duties implementation in accordance with
vacancy instructions; management of conflicts in production; antistress program
development; social-psychological diagnostics; work with complaints; management labour
discipline.

At market conditions the meat processing enterprises have a right to develop
independently their own organizational structure. Modern requires of forming new
subdivision is the department of personnel management on large meat processing plants
with over 1000 persons (The public joint stock company “Kremenchugmiaso”, LTD
«Globino”, LTD meat processing plant “Yuvileinyi” and others) on the basis of
combination of functional duties of human department of the resources, department of
labour organization and salary; department of social development, labour department;
different laboratories and sectors (laboratories of scientific organization of labour and
operations management; laboratory of organization and labour psychophysiology; sector of
labour rationalization and invention), and also separate specialists (labour economist,
labour norms engineer, engineer of personnel training, psychologist, legal adviser).

The tasks of new management personnel service: forming of effective control system
and personnel use; development of skilled politics; labour resources management with
taking into account the principles of optimization and economy; development of the
effective systems of motivation and personnel stimulation; development management and
professional advancement, labour career; antistress program development and prevention of
conflicts in production and other.

For evaluation of control system efficiency of personnel of the enterprise, is given the
methodology that is conducted for the next principles:

Principle of objectivity envisages the unpreconceived analysis of objective law
conformities, tendencies and factors that influence on control system forming of personnel
of the enterprise;

Principle of sequence envisages the observance of clear sequence of executions at the
estimation of control system efficiency of personnel of the enterprise;

Principle of system envisages consideration of control system of personnel as
component of open management system of the enterprise. It realizes the account of external
and internal factors environment influence on personnel at the acceptance of administrative
decisions in relation with forming of control system by personnel of the enterprise;

Principle of scientific character envisages using the estimation of control system
efficiency of personnel of the enterprise of new methodical approaches in relation to the
improvement of technologies of management of personnel taking into account front-rank
scientific experience;

Principle of practical meaningfulness envisages usage of estimation results of control
system efficiency of personnel at the acceptance of practical decisions on all levels of
management of the enterprise;

Principle of intercommunication provides accounting of present intercommunications
and co-operating with other objects of management of control system forming of personnel
of the enterprise;

Principle of complexity envisages realization of estimation of control system
efficiency of personnel of the enterprise from taking into account its constituents;
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Principles of validity and progressiveness envisage the orientation at comparison of
indexes on the best front-rank home and foreign experience of the enterprises in the
questions of personnel management;

Principle of unity of methodical approaches allows to provide possibility of
comparison of indexes values of evaluation of control system efficiency of personnel with
the corresponding indexes of meat processing enterprises in dynamics;

Principle of openness of indexes system envisages information about internal and
external possibilities of labour decline of products intensiveness, labour increase, search of
backlogs of labour norms improvement and rational use of labour resources of enterprise
productivity;

Principle of proportion and co-ordination consists of proportion providing and co-
ordination of control system efficiency constituents of personnel in the process of its
estimation;

Principle of openness in relation to environment envisages the analysis of environment
factors influence with the aim of practical realization of external possibilities and
neutralization or influence minimization of negative factors at control system forming of
personnel of the enterprise.

One of the tasks of new management service of personnel must become the realization
of estimation of control system efficiency of personnel of the enterprise of current period.
This estimation allows to get the determination results and analysis of quality and
quantitative descriptions of object research, is the main part for aims formulation, decisions
development and choice of the best from the existent variants of their realization.

Important and inalienable element of estimation of any economic phenomenon in
general and efficiency of control system in particular, there are the choice and explanation
of the corresponding indexes system, as no economic system can be characterized only by
one effect (by a result) even on condition that this effect is the most essential in this
phenomenon forming. Without regard to numerous researches of scientists in relation to
determination of control system efficiency of personnel, the generalized system of indexes
of its estimation is absent.

The estimation of control system efficiency of personnel of the enterprise is suggested
to conduct on a chart on Figure 1.

Investigate the aim of confrol system efficiency estimation by the personnel
—= of the enterprise

Determinations of'basic factors, that influence on control system efficiency
by personnel in modern economic terms

—

__, Choice of single indexes that characterize control svstem efficiency by the
personnel of the enterprise

—» A choice of standard indexes for comparing with the actual indexes

—» Estimation of integral index of control system efficiency by the personnel
ofthe enterprise

—» Development of skilled strategy of the enterprises taking into account
actions in relation to the improvement of personnel management

Figure 1. Chart of realization of of control system efficiency of personnel estimation by the of
the enterprise
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Calculation of indexes that characterize control system efficiency of personnel of the
enterprise is presented in Table 1.

Table 1
Indexes of control system efficiency of personnel of the enterprise
N Name of indexes Standard value
1 | Rates of increase of employee quantity (R em.q) Maximal value
2 | Rates of increase of products making for one employee (R p.m.) Maximal value
3 | Rates of increase of charges on labour remuneration in Maximal value
complete charges (R L.r.)
4 | Rates of increase of labour remuneration fund (R L.r.f)) Maximal value
5 | Rates of increase of labour productivity (R L.p.) Maximal value
6 | Rates of increase of administrative charges per employee in Minimum value
administrative level (R admin. level)

The choice of standard indexes for comparing with the actual indexes of the
enterprise. The standard values of indexes it is possible to accept:

1. The best values of indexes for the enterprise at elector during 5,10, 15, 20 years;

2. The best values of indexes at elector during 5, 10, 15, 20 years, data from some of
investigated enterprises;

3. The best values of sub-branch level, that is determined by the specialists of the
National association of producers of meat and meat sub-product of Ukraine «Ukrmiaso,
which has 70 large and middle enterprises.

The estimation of indexes in accordance with a standard value (max or min) for
constituents is determined by formula:

P1 min= R em.q. standard / R em.q. (1
or
P2 max = T admin. level / T admin. level, standard 2)
The next stage is a calculation of integral index of control system efficiency of
personnel of the enterprise for years and comparing them with other enterprises.

The integral index of control system efficiency of personnel (IIofCSE) is suggested to
determine by formula:

(IIofCSE)= %/Rem.q.x R p.mx RLr.x RLr.fx R1Lp.x Radmin.level. (3)

where R of em. q. are rates employee quantity; R of p. m. are rates of increase of products
making for one employee; R of L.r. are rates of increase of charges on labour remuneration
in complete charges; R of |. 1. f. are rates of increase of labour remuneration fund; R of 1. p.
are rates of increase of labour productivity; R admin.level are rates of increase of
administrative charges per employee in administrative level.

Approbation of methodology of control system efficiency estimation of personnel of
the enterprise is carried out from data of Public joint-stock company «Kremenchugmiaso”
and is presented in table. 2.
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Table 2

Determination of standard values of control system efficiency estimation of personnel of public
joint-stock company «Kremenchugmiaso”

Years Indexes of control system efficiency of personnel
Rem.q. | R p.m. Rlr. R Lr.f. R Lp. R admin. level
2001 1,05 1,04 1,13 1,43 1,01 1,03
2002 1,14 1,23 1,34 1,55 1,15 2,29
2003 1,39 0,93 1,11 1,69 1,80 1,96
2004 1,0 0,70 1,02 1,28 1,28 0,59
2005 1,0 0,91 1,02 1,45 1,02 1,2
2006 1,28 0,74 0,97 1,60 0,91 1,35
2007 1,07 0,98 1,65 1,38 1,11 0,88
2008 1,13 0,88 0,92 1,29 1,22 0,62
2009 0,94 1,08 0,87 0,92 1,15 1,41
2010 1,05 1,17 0,92 1,24 1,23 0,79
2011 1,01 1,06 1,08 1,22 1,11 1,17
2012 0,97 1,39 0,92 1,04 1,06 1,06
2013 0,99 0,79 1,12 1,09 1,03 1,23
2014 0,98 0,92 0,90 1,05 1,05 1,39
2015 0,90 0,82 1,12 0,86 1,09 0,89
Standard 1,39 1,39 1,65 max 1,69 1,80 max 0,59 min
max max max
***]t is made by enterprise’s accounting
Table 3

Comparison of actual indexes with standard values of control system efficiency estimation of
personnel of public joint-stock company «Kremenchugmiaso”

Years Indexes of control system efficiency of personnel
Rem.q. | Rp.m. | RLr. | RLr.f. | RLp. | R admin. level
2001 0,75 0,74 0,68 0,85 0,56 0,57
2002 0,82 0,88 0,81 0,92 0,64 0,25
2003 1,0 0,66 0,67 1,00 1,00 0,30
2004 0,71 0,50 0,61 0,76 0,71 1,0
2005 0,71 0,65 0,61 0,86 0,57 0,49
2006 0,92 0,53 0,58 0,95 0,51 0,43
2007 0,76 0,70 1,0 0,82 0,62 0,67
2008 0,81 0,63 0,55 0,76 0,68 0,95
2009 0,67 0,77 0,52 0,54 0,64 0,41
2010 0,75 0,84 0,55 0,73 0,68 0,74
2011 0,72 0,76 0,65 0,72 0,62 0,50
2012 0,69 1,0 0,55 0,62 0,59 0,55
2013 0,71 0,56 0,67 0,64 0,57 0,47
2014 0,70 0,66 0,54 | 0,62 0,58 0,42
2015 0,64 0,58 0,67 0,51 0,61 0,66
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The analysis of actual data testifies that during 2001-2015 period, the maximal value:
rates of increase of employee quantity are 1,39; rates of increase of products making for
one employee are 1,39; rates of increase of charges on labour remuneration in complete
charges are 1,65; rates of increase of labour remuneration fund are 1,69; rates of increase of
labour productivity are 1,80; minimum value of rates of increase of administrative charges
per employee in administrative level are 0,59.

A calculation of integral index of control system efficiency of personnel of the
enterprise public joint-stock company “Kremenchugmiaso” is given in Table 4.

Table 4
An integral index of control system efficiency of personnel of public joint-stock company
«Kremenchugmiaso” during 2001-2015

Years | Integral index
2001 0,684
2002 0,664
2003 0,714
2004 0,699
2005 0,638
2006 0,624
2007 0,752
2008 0,719
2009 0,580
2010 0,709
2011 0,655
2012 0,651
2013 0,598
2014 0,652
2015 0,609

The conducted estimation of control system efficiency of personnel of the enterprises
(on the basis of determination of standard values of enterprise) testifies that integral index
is almost in identical limits and has small changes during 15 years: minimum value is 0,580
in 2009 and maximal value is 0,752 in 2007.
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Figure 2. Reflection of integral index change of control system efficiency of personnel during
2001-2015, %
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At the same time methodology of estimation of control system efficiency of personnel
that contains the quantitative values of indexes (from 0 to 1) only, it is expedient to
complement with interpretation of quality values by corresponding levels (for example,
Hurrington’s scale: 1,00-0,80 — "very well", 0,80-0,63 — "well", 0,63-0,37 — "satisfactory",
0,37-0,20 — "bad", 0,20-0,00 — "very bad").

Regarding from the got integral index values of control system personnel efficiency,
data is got into two fields of Hurrington’s scale: 0,80-0,63 — «well», 0,63-0,37 —
«satisfactorily» (table 5).

An integral index of control system efficiency of personnel during 2001-2015 after
Hurrington’s scale was in limits «well» for 10 years and "satisfactory" for 4 years, that is
not a good result for Public joint stock company “Kremenchugmiaso”.

Also large data capacity during 2001-2015 enables economic forecasting of control
system efficiency of personnel.

Table 5
Distribution of integral index after Hurrington’s scale
0,80-0,63 — «satisfactory» | 0,63—0,37—«unsatisfactory»

Years Integral index Years Integral index
2001 0,684 2006 0,624

2002 0,664 2009 0,580

2003 0,714 2013 0,598

2004 0,699 2015 0,609

2007 0,752

2008 0,719

2010 0,709

2011 0,655

2012 0,651

2014 0,652

Methodology will allow to estimate the control system efficiency of personnel and
make conclusions for further planning of arrangements in relation to the decline of labour
production intensiveness, increase of labour productivity, search of backlogs of labour
norms improvement and rational use of labour resources of the enterprise productivity
during the development of staff-skilled strategy of the enterprise.

Conclusions

Forming of effective control system and the use of personnel of meat processing
enterprises that provides and guarantees high quality of personnel, its level of
professionalism and work is one of maintenance requirements of the enterprise’s
competitiveness. As research testifies, today there is a requirement in improvement of
organizational structure of the enterprises due to the input of new service of personnel on
large meat processing plants, that will develop effective skilled politics and create terms for
employees’ productive activity on the basis of social partnership.
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Offered methodology of estimation of control system efficiency of personnel, that is

approved on data of public joint stock company “Kremenchugmiaso”, helps the personnel
management department to find «weak points» in this system, and develop the
arrangements in relation to its improvement.

Further development of control system of the personnel of meat processing enterprise

is not possible without introduction of new technologies of management and the uses of
workers, that decide different social labour questions by means of software, application of
the collective thinking and other creative approaches.

10.
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AHoTaiil
XapuoBi TexHonorii

BuxopucTaHHA KOHIEHTPATIB Xap4OBUX BOJIOKOH B TeXHOJIOTiI OicKBiTHHX
HaniBpadpukaris

Onena KoGers, Oxkcana Apnyib, Bikrop Jlonenko, Ipuna Jlopryn
Hayionanvuuii ynieepcumem xapuoeux mexnonoeit, Kuie, Yxpaina

Bertyn. [locnimpkeHO BIUIMB KOHIGHTPATIB XapuOBHUX BOJOKOH, a caMe, KIITKOBUHU
MIIEHNYHOT, sS0TYYHOI Ta Kakao Ha OUIKOBO-TIPOTEIHA3HMH Ta BYIVIEBOIHO-aMiNa3HHUN
KOMIIIEKCH ITIIEHHYHOTo OOpOIIIHa.

Marepianun Ta mertonu. J{ocmiUkeHHS BIUIMBY Xap4dOBHX BOJIOKOH Ha IOKa3HHUKH
SKOCTI KJIEHKOBMHM TicTa 3[AIHCHIOBAJM 32 3araJIbHONPUUHITUMH  METOJUKAMH,
CTPYKTYpPHO-MEXaHIUHMX TIOKa3HHKIB — 3a JIOIIOMOrolo anbBeorada, amiiorpada Ta
¢dapurorpada.

Pesysnsratn Ta o00roBopeHHsi. [IpUCyTHICTH KIITKOBUHH CIIPUSIE IIiJIBUILEHHIO
BOJIONOIIMHAIBHOI 3aTHOCTI Ta 4Yacy YTBOPEHHsS TicTa i 3MEHIIEHHIO HOro CTiHKOCTI.
BcraHoBiI€HO, 10 KIIITKOBHHA ITiABHIILYE CTYIIHD 3B’SI3yBaHHS BOJM TiCTOM B CEPEIHBOMY
Ha 12,5...23,2%, 1o nmoB’si3aHO 31 3[ATHICTIO 11 MOJicaXapuIHOTO KOMIUIEKCY 3B’SI3yBaTH i
yTpUMyBaTu BoOAy. Pe3yiasraru JOCHiDKEHHS Ha anbBeorpadi cBig4aTh Ipo Te, IIO
BHECCHHsI KJIITKOBUHHU B KUTbKOCTI 15-25% Bix mMacu OOpoIlHA B 3pIBHSAHHI 3 KOHTPOJIEM
MiIBUIIYE TPYXKHICTh Ticta B 1,2-2 pa3u Ta 3MeHIIye po3TsDKHICTH B 1,3-3 pasm.
OOrpyHTOBaHO MOIIBHICTh BUKOPHUCTAHHS IMTOBEPXHEBO-aKTHMBHUX PEYOBHUH B TEXHOJOTIl
OicKBITHOrO HamiB()aOpUKaTy, 3 METOIO IOMIMIIEHHS SKOCTI TOTOBUX BUpOoOiB. BuzHaveHo,
[0 BBEICHHS Yy TICTO pa3oM 3 KIITKOBHHOIO cyMimn emynbsratopiB «Grindsted Cakey
MIPU3BOIMTH [0 TiIBUILIEHHS HOro PO3TSHXKHOCTI B CepeqHbOMY Ha 2,6% Ta elacTUYHOCTI Ha
2,6...6,8%, 1110, 0O4CBUIHO, Oy/Ie MO3UTHBHO BILUIUBATH HA SKICTh TOTOBUX BHUPOOIB.

BucnoBku. [lomaBanHs cymimi emynbratopiB «Grindsted Cake» mnpusBoauth 10
IiIBUIIEHHS] TOPUCTOCTI, MTUTOMOI'0 00’€My Ta KOe(ili€HTy MiJiOMy TOTOBHX BUPOOIB 3
JIOaBaHHAM KJIITKOBUHM IIICHUYHOI, sIOMy4HOI Ta Kakao, TAKMM YHHOM JO3BOJISIOUH
HaOJIM3UTH IOKA3HUKH SKOCTI TOTOBOrO HamiB(QaOpUKaTy JI0 IIOKa3HHUKIB SKOCTI KOHTPOJIO,
a00 X TX MepeBepIIuTH.

Kuro4oBi ciioBa: 6opouirno, emynveamop, Kietko8UHA, KIiMKOGUHA.

YaockoHaJIeHHS TeXHOJIOTIT MAIITETIB A/ Fepodi€eTHYHOr0 XapuyBaHHA

Jlrommuna Iemryk, Oner I'anenko, Ipuna PaazieBcrka, boryn Bomogumup
Hayionanvruii ynisepcumem xapuosux mexuonoei, Kuis, Yxpaina

Beryn.  JlocnmimkeHO  TEXHOJIOTiIFO  BHPOOHMIITBA  MMAINTETIB  30alAaHCOBAaHHMX  3a
MIKpDOHYTPIEHTHUM ~ CKJIaZIOM 3 METOI0 Y/IOCKOHAJIGHHS Ta pO3LIMPEHHS AacCOPTUMEHTY
TepPOIIETUYHHX TTPOTYKTIB.

Marepiamn Ta Meromu. [IpoaHani3oBaHO TOTEHIIWHY CHPOBHHY JUIS PO3POOKHU
CHEIiaIbHOrO MPOAYKTY IS JIIOAEH MOXUIOrO BiKy, MPUCTAPUINX Ta JOBrOKUTENB. [l
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Y/IOCKOHJIGHHSI PELIENTYp BUKOPUCTaHI METOM MaTeMaTWYHOTO MOJENIOBAHHS 3 BPaxXyBaHHSIM
XIMIYHOTO CKJIa/Ty CAPOBHHH Ta CTPYKTYPHO-MEXaHIYHHX MOKa3HHKIB TOTOBOI'O IPOJTYKTY.

Pesyabratn i ob6roBopennsi. Po3poOnenuit mamrer Mmae Oinbmn 30alaHCOBaHHNA
MIKPOHYTPIEHTHHUI CKJIaJl Y TIOPIBHSIHHI 3 KOHTPOJBHUMH 3pa3KkaMu. BcraHoBieHO, 10 B
KOHTPOJIBHOMY 3pa3Ky MaIITeTiB pi3ko po3zbanancoBanuii Bmict Ca i P — 1:9,8 mnpu
pexkomennoBanomy 2:1. Ilpum 30inblieHi BMicTy OUTKOBO-MiHEpaILHOTO 30aradyBaua
TepPOMIETUYHOTO B PELenTypi 30uIbiyeThest BMicT Ca 1 3MeHmnyetbes BmicT P. [pu npomy
npu BHeceHHI 10% OIIKOBO-MiHEpaabHOTO 30aradyBada TepOJIETUYHOTO IO PEIENTypPH
MaIITeTy CHiBBigHOMIEHHS Maibke imeanbHe Ca:P = 1:0,5. Takox BCTaHOBJIEHO, IO
nmonaBaHHA 5% OLTKOBO-MiHEpaIBHOro 30arayyBada repomieTHuHoro (peuentypa Nel) He
pallioHaNbHEe OCKIJIbKH HE € ONTUMAaJbHUM JUIs TepOAI€THYHUX TPOAYKTIB — BMict Ca
Bchoro 174,1 mr ma 100 r mpoaykry a6o x 13,7% Bix 7000BOi IOTpeOH.

MikpocTpyKTypa po3po0JIeHOro MAIITETy BKIIOYAE B CBiM CKiIaj] M’S30BY TKaHUHY B
BUTJSINI  ieHTH(DIKYeMUX (parMeHTIB M’S30BHX BOJOKOH posMipom a0 0,7-0,8 mm.
M’s130Ba TKaHMHA Ma€ XapaKTepHi JJIsi TEMIIEPAaTypHOI'O BIUIMBY MiKPOCTPYKTYPHI 3MiHH —
TIOMIpHY JIECTPYKIIIIO M’SI30BHX BOJIOKOH, 1110 BUPAXKAETHCS B HAOYXaHHI, MMOSBI IX PO3PUBIB
Ta ¢parmenranii. KimiTuHi siapa BHUSBISIOTBCS y M SI30BUX BOJOKOH Yy BUIJISIII TiHEH, B
CHOJY4YHIN TKaHUHI iX 30epe)KeHICTh BUIIIA.

Ilpn 3amini dYacTWHM M'SICHOI CHPOBHUHH OUIKOBO-MiHEpaJbHUM 30aradyBayeM
TepPONIETUYHUM TOPHUCTICTh CTPYKTYPH 3aJMIIA€THCS TOMIPHOIO Ta BIJIOBIAE JaHOMY
BUAY M'SICHOTO TPOJYKTY. BHECeHHs (epMEHTOBAHOI'0 KOJAreHa30l XapuoBOKI PYOLs
BPX He nmpuBOmMTE [0 HE CYTTEBUX 3MIH MIKPOCTPYKTYpH M’s30BOI  Ta
CHOJYYHOTKAaHUHHOI CTPYKTYPH.

BucnoBku. PekoMeH/TyeThCsl BUKOPHCTOBYBATH PO3POOKY B XapuyBaHHI JIOZICH MOXHIIOTO
BIKY, IPUCTAPUINX Ta JJOBTOXKHUTEJIB.

KurouoBi ciioBa: m'sico, xapuysanns, cepodiecmuka, nauimem, OL10K, KaTbyiil.

I'icTonorivyni XapakTepuCTHKH YIOCKOHATECHHUX M’ SICHUX NOCiYeHUX HaniBpadpukaTtiB

Onbra Macniituyk, Mapis [Tacka
JIvsiscoKull HayioHALHULL YHIGepCUmeme 8emepuHapHol Meouyunu ma 6iomexHonozii
imeni C.3. Iicuyvroeo, Jlveie, Yrpaina

Beryn.  [lpoBeneHHs — TIiCTONOTIYHUX — XapaKTEPUCTHK ~ M’SICHMX  ITOCIYEHHX
HamiBpaOpUKaTiB  JO3BOJISIIOTh BUSIBIISITU KOMIIOHEHTH, H(EpEeHIiOBaTH BIIACTUBOCTI
PI3HUX TKAaHMHHUX 1 KJIITHHHUX CTPYKTYP, & TAKOX 11100 3/1iHCHIOBATH KOHTPOJIb NPOYKIIii.

Marepianu Ta Mmetoqu. O0’eKTaMu I0CHTIDKEHb OYIIH yJOCKOHAJIeH] (aplii sUToBUYi 3
samino 5%, 10%, 15% M’sicHOT YacTKM Ha JIFOIMHOBE OOpOIIHO Ta jgomaBaHHsIM 0,5%
TIOPOIIKY KOpPEHS JMBOCUITY, SIK TPSHO-apOMAaTHYHOI CHUPOBHUHU Ta KOHTPOJBHUI 3pa3zok
soBuuoro apury. s MiKpOCKOMIYHOTO JOCIIKEHHST MaTepiail po3polieHux (apiiis
MapkyBaau i QikcyBamu y 10 % HelTpanbHOMY po3unHi QopmaniHy. Ha canHOMy
MIKpPOTOMI BHUTOTOBJISUTM 3pi3H, 3aBTOBIIKH Bif 0,5-1 cM, siki (hapOyBaiyi reMaTOKCHITIHOM
ta eozuHoM, IIIMK peaknis. CBimioBy Mikpockomiro 1 MikpodororpadyBaHHS
ricronpenaparis 31HCHIOBAIH 32 TOMOMOror Mikpockoma Leica DM 2500 Ta porokamepu
Leica DFC 450C nporpamHoro 3a0e3mneuenns Leica aplitation suite 4.4.

Pesyabratn Ta 00roBopeHHsi. I[Ipu MiKpOCTPYKTYpHOMY [OCIHI/PKEHHI 3pasKiB y
(apriax BHSBWIM M'S30BI BOJIOKHA TNONITOHAJIbHOI 1 Kpyryioi ¢opmu, muroruiazMa sSKHUX
piBHOMIpHO 3a0apBjeHa B YEPBOHYBATO-POXKEBUH KONip, a IX TEMHO-CHHI siipa Jo0Ope

361

—— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 2



—— Abstracts ——

mporisAanucs mia capkonemoro. Lle Bkasye Ha Te, mo st ¢apiry BUKOPHUCTOBYBAJIOCH
CBIXKE€ OXOJIOJDKEHE M'SICO, TaKOX CepeJl M'S30BHX BOJIOKOH MpPOIJISIATUCh OCEpEeNKH
YKHPOBOI TKAHWHHU, SIKa TICTOJIOTIYHO XapaKTEPU3YETHCS CITUYACTOIO CTPYKTYporo. B miciisix
po3TalryBaHHs IIMATOYKIB cajla BHSBJSUTM Bakyoldl pi3HOI (GOpMH 1 po3Mipy, mo W
Ha/aBaJI0 3pi3y CITYACTOro BUMNIAAY. 3i0paHUMH TIpylnaMu KPYIJi LUTOILIa3MH CBITJIO
(hioJeTOBOr0 KOMBOPY 3 SApaMU TEMHO-(iOJETOBOrO KOJIBOPY PO3MIIICHUMH B IICHTPI
KJIITHH TIOJITOHATBHOI (OPMHU TpENCTaBJICHE JIIOIMHHOBE OOPOIIHO; PO3CHITYACTUMHU
BOJIOKHAMH KOPHUYHEBOTO KOJHOPY 300pakeHO XJIIOHY Macy; XBWISICTUMU BOJIOKHAMH
(i0JICTOBOI'0 KOJIEOPY 300paXKeHO MUOYIIIO0 PIUacTy, TEMHO-KOPUUYHEBUMH TTOOAMHOKUMHU
TOYKaMH TIO3HAYEHO JAUBOCHIL.

BucnoBku. IicTonmoriuni gocimipkenHs nokaszanu 3a LIk peakiiero BMICT y M SICHUX
po3poOiieHux HamiBpaOpukatax M’SICHOI Ta POCIMHHOI YaCTHH. 3a TeMAaTOKCHIIHOM Ta
€03MHOM BH3HAYMIIN BiJICOTKOBHI CKJIaJ (apliiB.

KurouoBi ciioBa: cicmonoezis, nonun, 6opowno, ousocun, m aco, komiema, OLIOK.

YaockoHaIeHHs TEXHOJIOTii BOQHO-CIMPTOBUX HACTOIB /11 BUPOOHUITBA CHPOIIIB

Oner Kyzpmin, Slna Koanbuyk, Bonogumup Benmuko, Haranist Pomanyenko
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Meroro poboTu € HaykOBe OOIpYHTYBaHHs Ta iHHOBAIiliHI TEXHOJOTII BOIHO-
CIHUPTOBUX HACTOIB JJIsi BAPOOHHIITBA CHPOIIB Y KOHANTEPCHKUX BUPO0AX, Ul HAJAHHS 1M
(YHKI[IOHAJIBHUX Ta 03/I0POBYMX BIACTHBOCTEH.

Marepianu i Meromu. Meromu OCTIDKCHHS: PEIOKCMETPIsS — BU3HAYCHHS
AQHTHOKHCITIOBAJIGHOI 3[]aTHOCTI BOJHO-CIIMPTOBMX HACTOIB POCIHMHHOI CHpOBHMHH; pH-Metpis;
METO/IMKHM BU3HAYECHHS OPTraHOJIEITHYHNX MOKa3HHUKIB.

Pesyabratu. OtpuMaHo MiHIManbHE TeOpeTMHO ouikyBane 3HaueHHS OBl s
POCITHHHUX BOHO-CITMPTOBUX HACTOIB, ke Mae 3HaueHH: Bix 203,0 MB (kopinb iMOupy), 10 480,9
MB (cynaHceka TposiHa), a daxTidauil BuMipsHUiA OBy, — Bin 82 MB (yucts cynmi) no 246 MB
(xopinb iMOMpY). [1pH 1iboMYy, MiHIMaITbHa BeJTIYUHA BiqHOBHOI 3natHOCTI (EB) nopiBHIoe — 42,3 MB
Ta XapaKTepHa JUTsl KOPIHHIO IMOHpY, a HaHOUThIIe 3Ha4YeHHs 266 MB Mae BOHO-CITUPTOBHIA HACTIH
3 mwioAiB KajuHKU. PiBeHs pH 11 BOIHO-CIMPTOBMX HACTOIB Ma€ 3Ha4deHHs Bin 2,985 (cymaHchka
Tpostaaa) 1o 7,605 (kopiHb iMOHpY), TOOTO SKCTPAKTH MAIOTh PEaKIIii BiJT KHCIIOL IO CITA0OTYKHOL.

Bupnineno rpynu HacToiB 3a aHTHOKHCIIOBAJIBHOK AKTHBHICTIO: HACTOI 3 HHU3BKOIO
aKTHBHICTIO — 3 3pa3ku (25 %), cepen SIKUX KOpiHb iIMOUPY, IUIOaU SOTYK, IUIOAU OY3UHU;
HACTOI 3 CepeaHbOI0 aKTUBHICTIO — 4 3pasku (33 %), cepen SKUX HaliMeHIIEe 3HAYEHHS
133,4 MB Mae kopuirs, a HaiiOiipme — 171,8 MB Mae nucTst BHINHI; HACTOI 3 BHCOKOIO
aKTHBHICTIO — 5 3pa3kiB (42 %), cepen sikux ropoduna — 234,3 MB, Bumns — 247,5 MB,
cymaHcbka TposiHaa — 260,4 MB, xanuna — 266 MB Ta obninuxa — 282,4 MB.

BucnoBku. BruznaueHo HaiiOLIbII EPCIIEKTUBHI JHKepena MPUPOJIHNX aHTHOKCUIAHTIB IS
BUKOPHUCTAHH Y TEXHOJIOTI1 CUPOITIB JUTsl IIPOCOYYBAHHS B KOHIUTEPCHKiH IPOMHCIIOBOCTI.

KurouoBi cioBa: Oickeim, nacmitl, cupon, ahmuoKCUOaHm.
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Excneprusa sixocti maiione3y

Hatans Mensenesa
Hayionanvnuii ynieepcumem 6iopecypcie ma npupoooxopucmyeanns, Kuis, Yxpaina

Beryn. Hesanepednum ¢hakTopoM YCIIIITHOCTI TOPTOBOI MapKH € SKICTh MPOIYKIIT 110
BUTOTOBISIEThCA.  SIKICTh ~ MaifoHe3y  BH3HA4YaeTbCs  KOMIUIEKCOM  IOKa3HHUKIB!
OpraHOJENTHYHUX (CMak, 3amax, KOJip, KOHCHUCTEHIN), (i3HKO-XiMIYHUX (MKHUPHICTD,
KpOXMallb, KHCJIOTHICTh, HAsSBHICTh KHCIIOT), MikpoOionoriuaux (OidimobakTepii,
MIKpOOpTraHi3Mu, OPKIDKI, IUTICHSBI IpuOu, OakTepii).

Marepianu ta metomu. Jlocmi/pkeHHs IPOBe/ieH] Ha MPUKJIAIl 3pa3KiB YKpaiHCHKUX
BUPOOHMKIB  pI3HMX TOProBUX MapoK. 3pa3kd MaioHe3y  OI[HIOBaJHCS 32
OpPraHOJNIENTUYHUMH,  (DI3MKO-XIMIYHUMH,  MIKpOOIOJIOTIYHMMHU  TIOKa3HUKaMH  Ta
MIPOBO/IMIIACH OIlIHKA YMAaKOBKM W MapKyBaHHS AaHOi NpOAyKuil. PiBeHb sKOCTi MaiioHe3y
OIIIHIOBAJIM 33 JOMOMOIOI JECKPHUITHO-TIPO(IIEHOrO METONY CEHCOPHOTO aHajizy i3
3aCTOCYBAaHHSM IT°SITH OaJIbHOT CUCTEMH Ta 3aJTy4EeHHsI IPYITH €KCIEPTiB.

PesyabraTu i o6roBopennsi. Pe3ynbrati ananizy MapKyBaHHSI BUSIBHJIHM BiJICYTHICTb
ingekcy E mpu ykazaHi Xap4yoBHX [100aBOK MaliOHE3y BUPOOHHUKIB TOPTOBHUX MapoK
«Kopomnisckkuii cmax» Kopomisebkuii i «OJIICy ITpoBaHcaib.

3anporoHOBaHO TUCKPENITOPH OPTaHOJCITUYHUX IMOKA3HHKIB (KOHCHCTCHINS, CMaK i
3amax, KoJiip), MapKyBaHHS i 30BHIIIHOTO BHY YIaKOBKH, BU3HAYECHO IX NMPOQIIIOBAHHS
3a I'STH OaJbHOIO IIKAJOK. 3a JOMOMOrOK JEeCKPHITOPHO-NIPO(MIIBHOTO METOLY
BU3HAYMIIM HAWOUTBIII KOHKYPEHTOCIPOMOXKHY 1 MPUBAOIMBY MPOAYKIIIO JJIsl CIIOKUBAYa.
HaiiBumy oninky mae npoaykuis «KopomiBepkuit cMak» KopomiBepkuii # «Topumna»
[IpoBaHCHKHIA.

®i3uKO-XIMIYHI JOCITIKEHHsS MaiOHe3y IMOKa3ajH, IO KUCIOTHICTh 3pa3KiB CKIlaya
Bix 0,18% mo 0,51%, BMmicT xupy — 67% Ha BCix 3pa3kax, IO BiAmoBigae iHpopmarii
ynakoBkH. KinbKicTh copOiHOBOI KHCIOTH B Mexax HopMmHu — He Oiibmie 1000 mr/kr. Kpim
Toro y BuUpoOHHMKa «OIlic» IMPUCYTHIH KOHCEPBaHT — OEH30WHa KHUCIOTa, sika He Oyia
3asBJIeHa, ii BMiCT ckianae 19,4 MI/kr.

Mikpo0ionoriuHi J0CHiPKEHHsT He BUSIBUJIM IOPYIIEHB 5KOJJHOrO BUPOOHHKA.

BucnoBku. OTpumaHi pe3ynbTaTd JOCHIIPKEHHS MaliOoHe3y pPIi3HHX BHPOOHHKIB 3a
(hi3uKO-XiMIYHUMH ¥ MIKpOOIOJIOTIYHUMH TTOKa3HUKAaMH CBi4aTh, IO iXHI 3HAYEHHS
MTOBHICTIO BIMOBIIal0Th BUMOI'aM YHHHUX HOPMATUBIB YKpaiHU.

Keywords: maiiones, mapkysanus, axicmo, opeanoienmuxd, 0eCKpunmopu.

MarteMaTH4HA MOJIeJIb AKTUBI3aNIl pilMHU NPHY BUTOTOBJICHHI XJ1i0a y AoMalIHii
xaidomivui
Biramniit Boponin, ['anna [{urankosa
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. B penentypHuX KHHTrax BiMIYA€ThCs, IO IIHOYTBOPEHHS 3a PaxyHOK
30MBaHHS S€1b MPU ITiTOTOBII 1HIPEIEHTIB JUIs BUITIKAHHS XJ110a, MOKpaIIye SKICTh XJ1i0a.
B po6oti 1ano o0rpyHTYBaHHS IBOTO (aKTy.

Marepianun i meromu. Po3risHyro xii0-Opiolib, BHUTOTOBIEHUI Yy JOMAIIHIH
xJtibomnivmi. 3aCTOCOBaHO METOIM MaTEMaTUYHOI'O MOJETIOBAHHS Uil PO3TIISAY TpoOIeMu
aKTHBI3allil piAMHA IPU BUTOTOBJIEHHI XJ1i0a y HOOYTOBI# XTiOorivILi.
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Pe3ysabTaTi Ta 00roBOpeHHs. [1i1 piquHOIO OyaIeMo po3yMITH OyIb-sIKYy CyOCTaHIIIIO,
10 PO3TIKAETHCA. SIKIIO B pe3ysbTaTi 3aCTOCYBaHHS MEBHOI TEXHOJIOTIl OTPUMAEMO 3MiHU
(ki  MokHa 3a(ikCyBaTH BHMIPIOBAHHSM) B IIO3UTUBHOMY HANpPSIMKY JIESKUX
XapaKTepPUCTUK TOTOBOTO NPOAYKTY, TO OyJIeMO TOBOPUTH PO aKTHBI3alil0 PiJIHHH.
Hapeneno mpukiiaay akTHUBI3aIlil piauHU.

[loOynoBaHO MaTeMaTHuHy MOJIENb, SIKA MOKa3ye, IO IHTEHCHBHICTh KOHTAKTYy
TBepZ01 Ta piaKkoi (pakiiii Ipu nepeBosi piMHKU y MiHY MOBHHHA 3pocTaTh. BBaxkaeTbcs,
IO TiHA CKJIAJAa€ThCsl 3 CYKYIMHOCTI C()EpUUHHMX CETMEHTIB cdep JOBUIBLHOrO pamiycy R
pi3HOi BHcOTH /. Ha BHCOTH CErMEHTIB /i HaKJIAJCHO MPUPOJHE OOMEKEHHS, 1[0 BOHH
piBHOMIpHO po3snojiieHi Ha npomMikky [0,R]. Jlnsg XapakTepUCTHKH IUIONI KOHTaKTy
TBepZOl Ta piAKoi (pakiiif pO3IJSIAETBCS MOHATTS  KoedillieHTa KyMOJIbHOCTI.
MaremaTuuHe CHOAIBaHHS KOE(IIi€HTIB KYIOJIbHOCTI CHEPUYHHX CErMEHTIB BH3HAYAE
cepeHii KoedilieHT KymoapHOCTI. JloBeIeHO, 10 I 3alpolOHOBaHOT MOJEHI cepenHiit
Koe(illieHT KYOIBHOCTI JIOpiBHIOE 1,5.

BucnoBku. 3anpomnoHoBaHa MaTeMaTHYHa MOJEIb IIHM II0KAa3ye MOXKIJIUBICTH
inTeHcHu(iKamii KOHTaKTy TBepaoi (pakxiii Ta piguau y 1,5 pasu mnpu nepeBoji pilMHU y
THY.

KurouoBi ciioBa: x1i6, mooenosanms,, NiHOymeopeHHsi.

Mpouecu i o6nagHaHHA XapYyoBMX BUPOGHULTB
KineTnka cymiiHHs 3epHa NIIEHUIi B TOHKOMY IIapi

B’stuecnaB Muxaiimuk', Csitocas HEMEHTapz,

Poman SIkoGuyk’, €sreniit Ckpunank’, Poman CeMeHKo”
1- Incmumym mexniunoi mennogisuxu HAH Ykpainu, Kuis, Ykpaina
2- Hayionanvnuii ynisepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. [locmimkeHo 3aKOHOMIPHOCTI IIPOLECY CYLIIHHS 3€pHA MIIEHHII B TOHKOMY
mapi Jys oOrpYHTYBaHHS PalliOHATBHUX PEKUMIB TEIUIOBOI 0OpPOOKH 3epHA B CYIIMIBHHUX
amapatax KOHBEKTHBHOI'O THITY.

Marepianu Ta Metoau. B pocnimkeHHSIX Oyno BHKOpHCTaHO 3epHO mineHwmil. 11100
Ha/aTH 3€pHY IOJBOBOI BOJOIOCTI HOro MITyYHO 3BOJIOKYBaJIH. Bosoricte BH3HaYaIu
BHCYIITYBaHHSIM JI0 a0COIOTHO CyXoi MacH. J{ocipkeHHs IPpoIecy CYIIiHHS MPOBOIUIIN Ha
€KCIIEPUMEHTAJIbHOMY CTEH/Ii KOHBEKTHBHOTO THITY.

PesyabraTti i 00roBopeHHsl. AHaNi3 pe3ylbTaTiB EKCIEPUMEHTAIBHUX JIOCIHIPKEHb
NpOLleCY KOHBEKTHBHOI'O CYIIIHHS 3€pHa INIIEHWIl 3 PI3HOI0 BOJIOTICTIO TIOKa3aB, IO
IIBUIIEHHST TemIiepaTypu cymmibHoro arenta 3 80 no 100 °C 30iiblrye MIBUIKICTH Ta
3MCHIIIYE TPHUBAJICTh CYIIHHS 3epHa B 2,2-2,3 pa3w, a 30UIbIICHHS IIBUAKOCTI
CYIIMJIBHOIO areHTa 3 1,5 o 2,5 M/c BUKIMKA€E 3pOCTaHHsI IIBUIKOCTI Ta CKOPOUYCHHS Yacy
cymrinast ~20 %

30inblIeHHss TOBIMHU Inapy 3epHa 3 10 mo 15 MM 3a paXyHOK 3pOCTaHHs ILIOII
BUIIAPOBYBAHHS IPU3BOAUTH 10O 30UIbIIEHHS MBHAKOCTI cymiHHA B 1,1-1,2 pasu B
3aJIeKHOCTI BiJI IBUJIKOCTI MOBITPSI.

[Ipy KOHBEKTUBHOMY CYIIiHHI HEMOPYIIHOrO HIapy 3epHa BHCOTOO 10 i Oliblie MM
npu OOKOBOMY OOJyBaHHI CYIIMJIBHUM areHTOM JIOCSTHYTH OJHAKOBOI BOJIOTOCTI 3€pHa B
00’emi 3paska 3a 40...60 XB. IPaKTHYHO HEMOKIIUBO.
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BucnoBku. BcTaHOBJIEHO, 110 BUKOPHUCTaHHS CYHIMJIBHOI'O areHTy 3 TEMIIEpaTyporo
100 °C 306i1p1ye MIBUAKICT CYIIIHHS 3€pHA B 2,2—2.3 pa3u B NOPIBHSIHHI 3 TEMIIEPATYpOIO
80 °C; 301IbIIIEHHS IBUIKOCTI CYIIMIBLHOTO areHTy 3 1,5 10 2,5 M/c 3abe3mneuye 3poCTaHHs
LIBHIKOCTI CYIIiHHA 3epHa Ha ~20 %.

Kunro4doBi ciioBa: sepro, nuwenuysa, cywinus, wap, 6010208Micm.

InskeHepHUIl MeTOX PO3PaXyHKY NapaMeTpiB JUMOBHX Ira3iB BYTrijIbHUX TEIUIOBUX
€JIEKTPOCTAHIi/i HA OCHOBI XapaKTepPHCTUK TBEPAOro NajiuBa

1 2
Irop Bonpuun', JIronmuna I'anonny
1 — Incmumym gyzinonux enepeomexuonociu HAH Yxpainu, Kuis, Ykpaina
2 — HayionanvHuil ynisepcumem xapuosux mexnonoeit, Kuis, Yxpaina

Beryn. 30inblieHHsT 4acTKK BYrijuls B MaJMBHOMY OalaHCi TEIIOBHX €JIeKTPOCTaHINN
(TEC) mpusBeno mo 3poctaHHs BajoBuX BUKHAIB SO, no 1 muH. 1/ pik. lle Bumarae
BIIPOBA/DKEHHSI Ha BYI'UIBHHUX EJIEKTPOCTAHIIISNX TEXHOJOTIYHHX 3aXOMIB IO CKOPOUYEHHIO
BHUKHIIB OKCHJIIB CIPKH.

Marepianu i mMeroam. 3a CTaHAAPTHOIO METOAMKOIO OYJIM BUKOHAHI PO3paxyHKH
MUTOMUX 00’€MIB JMMOBHUX Ta3iB Ta KOHIEHTpAL B HUX JIOKCUIY CIpKH 3a TaHUMH 96
cepTudikaTiB Ha BYTUIbHY HPOAYKIIO 3 IIaXT Ta 30arauyBajbHUX (aOpuk JloHempKoro
BYTUIBHOTO OaceifHy.

PesyabraTtu. B pesynbrari Oynu OTpUMaHi eMITipUyHi JIiHIMHI 3aJI€)KHOCTI TTUTOMOT'0
00’eMy CYXOro JUMOBOI'O T'a3y BiJl TEIUIOTH 3TOPSHHS MajJuBa i BMICTY 30JM B IaJUBI Ta
3aJIeKHOCTI KOHIIEHTpamii JIOKCUAY CIPKH BiJl BMICTY CIPKHU 1 30JIM B MaJIWBi, OKPEMO LIS
HU3BKOPEAKI[IHHOTO 1 BHCOKOpeakuiiHoro Byriui. [Ipyn HasBHOCTI BTpaT TEIUIOTH 4epes3
MeXaHIYHUH HeNOoIall MajuBa, MMTOMUN 00°€M CYXHX ITUMOBHX ra3iB 3MeHIIyeTbes B (1 —
q,/100) pa3, a KOHIEHTpais AIOKCUAY CIpKU B HUX 30UtbImyeThest B 1/(1 — ¢,/100) pas.

CTBOpEHO IHXKEHEPHHUI METO/I BU3HAYEHHS ITNTOMUX BHUKHU/IB CYyXUX ITUMOBHX Ta3iB Ha
BYTUIBHHX TEIUIOBUX E€JIEKTPOCTaHLisAX YKpaiHM Ta OYiKyBaHOI KOHIIEHTpALi TIOKCHIY
CIpKM B HUX Ha OCHOBI JIaHMX TEXHIYHOTO aHaJi3y IPH HAasBHOCTI MEXaHIYHOTO HEJOoNaiy
nanuBa. MeroJ po3paxyHKy MUTOMHX BUKHIIB cyxux aumoBux raziB Ha TEC i TEL] Ta
OYiKyBaHOI KOHIEHTpAllii B HUX MIOKCHIY CIPKH NPOIOHYETHCS BHKOPUCTOBYBAaTH B
Juara3oni 301pHOCTI manuBa A° Bix 4.0 10 50.0% Ta TemnoTH 3ropsHHs namusa O, Bix 14.5
1o 32.0 MJIx/xr.

[IportoHoBaHMiA iHXEHEpHUH MeToA OYyB BHUKOPHCTAaHUH Uil PO3PaxXyHKY OIIHKH
BaJoBMX BUKUIIB SO, i 0OCIriB CyxuX JMMOBUX Tra3iB Ha BYTUIBHHX TEIUIOBUX
eneKTpocTanIisx Ykpainu 3 2012 poky no 2016 poky 3HaueHHS! TUTOMUX BUKHIIB CIPKU B
JIUMOBHMX ra3ax B OCTaHHI POKM 3HaxomsiThcs Ha piBHI 16-20 1/kBr-rox. BimmymieHoi
€IIEKTPOCHEPTIi.

BucnoBku. Po3poOreHuii MeToj M03BONSE 3pOOMTH OLIHKY OUYiKYBAaHUX BHKHIIIB
JIOKCHIY CipKH B JUMOBHX Ta3axX Ta 00paTH HEOOXIJTHY TEXHOJIOTIIO AeCYabhypHu3arii s
JIOTPUMAaHHSI BUMOT' €KOJIOTIYHOT'0 3aKOHO/JABCTBA.

Knro4doBi cnoBa: enepeemuxa, exonozis, menioeneKmpocmanyis, Oum, 2da3, GUKUO,
0loKCUO CipKuU

MartemaTuuHe Moaen0BaHHs i onTuMizanis B CAIIP enemeHTiB anapartiB xap4oBoi
Ta XiMi4YHOI MPOMMCIOBOCTI

[TaBno Ieenp, Amta Toponenko, €rrenis Haymenko, Xycain Bamin [lep
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Ooecovkuil HayionanbHull noximexuiynuil ynisepcumem, Ooeca, Ykpaina

Beryn. PoGorta mpucBsiueHa ITiJBHIICHHIO SIKOCTI aBTOMATH30BAHOI'O MPOEKTYBAaHHS
amapariB Xap4yoBOi Ta XiMIYHOI IPOMHCIIOBOCTI 32 paxyHOK 3MEHIICHHS MacH iX jaeTajei
npy 30epeKeHH] HaIHOCTI anapariB B LIJIOMY.

Martepianu Ta mMeroamn. JocmiKyeThCsl HANpPYKEHO-Ie(pOPMOBAHUH CTaH KPYIIIUX
000JIOHOK, SIKi TIPAIIOIOTh ITiJ] PO3MOIIIEHNM HaBaHTaXXEHHsM. B anmaparax miJBUILEHOrO
TUCKY JI0 TakKuX JeTajled BIJHOCATbCA MAHWINA. I[lpu po3paxyHKax BHKOPHCTaHi
MaTeMaTU4Hi METOMH, sIKi BUKOpUCTOBYIOTH (yHKuil ['ayca, Yirrekepa ta Kymepa. s
TaKUX pO3paxyHKiB BUKOpUcTaHa mporpama Maple 13.

PesyabraTu i odrosopennsi. BcraHoBieHo, 110 KPyTli IUIACTUHY MOCTIHHOT TOBIIMHA
BUSIBIISIIOTHCSL KOHCTPYKTUBHO HEPALliOHANEHUMU. Y 3B'SI3KY 3 IUM Y pOOOTI IIPOITOHYETHCS
Tepexiji 10 KOHCTPYIOBAHHS KPYIJIMX IUIACTHH 3MIHHOI TOBIIMHU i pO3POOIIOETHCS METO.
MPOEKTYBAaHHS TaKHUX IUIACTUH. PO3po0iieHO aHANITUYHUH METO/ BU3HAYCHHS HAIpY)KEHO-
JeopMOBaHOr0 CTaHy IUTACTHHYACTUX JeTalied Kpyriioi (opMH Ta 3MiHHOI TOBLIMHH TPH
3TUHAHHI, SIKMH TO3BOJISIE OTPUMATH PO3B 30K B HAWOIIBII 3pYUHIN ISl aHaJi3y 3aMKHEHI i
¢dopmi (y Burmsai gopmyn). I'paHunero Kpyrioi IUTACTHHH € OKPYKHICTh, TOMY JUIs
PO3paxyHKIB 3aCTOCOBYETHLCS MOJIAPHA CHCTEMa KOOpAWHAT. B po3B'si3ky Oynu 3ajisHi 181
¢yHkuii Yirrekepa nepmioro i apyroro poxay. I[lopiBHroroun mnapamerpu y (QyHKIIT
Vitrekepa 1 y ¢yskuiii Kymmepa, BusHaumwiaum HOBY (GopMy Ui BiacHHX (DYHKIIH.
[NepeBipka exBiBaseHTHOCTI mepexony a0 ¢pyHkuii Kymmepa BukoHaHa B mporpami Maple
13. IoBHe cniBnaainHs rpadikiB Bi1acHUX (YHKIH CBITYUTh MPO KOPEKTHICTh BUKOHAHOI
3aminn. @ynkmii  Kymmepa 1 VYiTrekepa HamexaTh [0 KIAcy BHPOKECHHX
rinmepreoMeTpuuHUX (QyHKIINH, X BUKOPUCTOBYIOTH [UIsi MOOYIOBU DillleHb Yy JAESKUX
3a1adax (pi3uKu, aCTPOHOMIT Ta MEXaHIKH.

BucHoBkH. 3anporoHOBaHO CMOCIO MPOEKTYBAaHHS PalliOHAIBHUX TiaMeTpaIbHUX
Trepepi3iB elIeMEHTIB MAIIIHH 1 araparis, siKi MatoTh (POPMY KPYIIIHX TUIACTHH.

KarouoBi cioBa: wanpyoicennsi, CAIIP, depopmysanns, Kpyena niacmuna, @yHKYis,

Tayc.

ExoHoMiKka i ynpaBiHHA

MeToanka OiHKH CHCTeMH YIPABJIIHHS EePCOHAJIOM MiANPHEMCTBA M'siconiepepodHOi
rajuaysi

Orena [lparan, Amnina beprep
Hayionanvuuii ynieepcumem xapuosux mexuonociu, Kuis, Yxpaina

Beryn. Ctatts mpucBsYeHA MUTAHHIO (POPMYBAHHS CUCTEMH YIPABIIIHHS IEPCOHATIOM
MiMPUEMCTB  M'COMEPepOOHOi  Taiy3i, YTOYHEHHIO 1 CTpykTypu. IIpomoHyeThCcs
BH3HAYCHHS IHTETPAJIBHOTO TIIOKa3HUKA OIIHKA €(PEKTHBHOCTI CHUCTEMHU YIIPABIIIHHI
MIEPCOHAJIOM ITi IIPUEMCTBA.

Marepianu i MeToIH XoCTiIzKeHHs. Y poOOTi 3aCTOCOBYIOTECS METOH: CHCTEMHOTO
aHaT3y B MNHTaHHAX (OPMYBAHHSA CTPYKTYPH CHUCTEMH VIIPABJIIHHA IEPCOHATIOM 1
BHUKOPHUCTAHHS HOr0 B MPAKTHYHIH MisTIBHOCTI ITiIIPUEMCTBA; aHAJI3Y 1 CHHTE3Y, aHaJIOrT 1
MOPIBHAHHA — B METOJWIN OINIHKKA ©(EKTHBHOCTI CHCTEMH YIIPABIIHHSA MEPCOHAIOM
MATIPUEMCTBA.
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PesynbraTn Ta o0roeopeHnsi. IIpoGnema ¢opMyBaHHS e(PEKTHBHOI CHUCTEMHU
YIIPABJIIHHA MEPCOHATIOM € OJHIEI0 3 HAHOUIBII BaXKIMBOIO Ui CYYaCHOTO YITPABIIIHHS
i IPHEMCTBOM (OpraHi3alli€ro), sk 3 HAayKOBOI TakK, i 3 MPaKTHYHOTrO OOKY JAOCIIHKESHHS.

3 orsiay Ha crenudiky HMiANPHEMCTB M'scomepepoOHOi ramy3i, BUHHKAE HEOOXIAHICTh
BIIOCKOHAJICHHS CUCTEMH YIPaBJIiHHSA MEPCOHAIOM IMianpueMcTBa. [1o TeneBizopy MOXKHA
MiJICUCTEMH CUCTEMHM YIPABIIiHHS MEPCOHANIOM: iH(OPMAIIHHO-TIPABOBOrO 3a0e3MeUeHHS,
aHATITUYHA, OpraHi3alliiiHa, MOTHBAIlII{HA Ta KOHTPOJIHTY.

Jnst  omiHkA eEKTHBHOCTI CHCTEMH VIPABIIHHSA IEPCOHAJIOM IMiANMPHEMCTBA
MIPOTIOHYEThCS METONWKA, sKa TIepeadavyae:; BU3HAYCHHS OJMHUYHUX ITOKA3HHUKIB, SKI
XapaKTepU3yIOTh TJaHy CUCTEMY; BUOIp €TAJIOHHOTO 3HAYCHHS MMOKA3HHKIB JUIs MTOPIBHAHHS
3 (haKTUYHUMH MMOKA3HUKAMHU; PO3PAXYHOK IHTEIPaIbHOrO MOKa3HUKA e(hEeKTUBHOCTI JaHOI
CHUCTEMHU.

BucHoBKkHM. 3ampornoHOBaHI MiAXOAM IO BIOCKOHAJCHHS CHUCTEMHU YIIPABIiHHS
MEPCOHAIOM TANPUEMCTBA M’ SICOTIEpPepOOHOl rajy3i J03BONSIOTH 3POOUTH BiAIOBIIHI
BHCHOBKH JIJI ITONAJIBIIONO IUIAHYBAHHS 3aXOMiB IIOAO IiIBUIINCHHS MPOJXYKTHBHOCTI
mpami, TOIIyKY pPE3epBiB BIOCKOHAJICHHSA HOPMYBAaHHsS Tpalli 1 pallioHaJbHOTIO
BUKOPHCTaHHS TPYAOBHMX PECYpPCiB, 3a0e3IeueHHsT CTaOlIbHOCTI KaapOBHUX ITOKA3HUKIB
poOOTH, 30UTBIICHHS MOTHBAIIHAX TMPOIO3UINA NPH PO3pOoOI KaAPOBOI CTpaTerii
MiIOpUEMCTBA. MeETOAMKA OLIHKK €(PEKTUBHOCTI CHCTEMH YIIPABIIHHSA IIEPCOHAIOM
IiIPUEMCTBA HAa OCHOBI HAMOUIBII MOIIMPEHUX CKOHOMIUHHMX IMOKA3HHKIB BiIPi3HIETHCS
JIOCTYIHICTIO 1 IIPOCTOTOI0 Y BUKOPUCTAHHI.

KarouoBi ciaoBa: nepconan, egexmuenicmo, nionpuemMcmeo, M ’CO,  2ay3v,
nepepodka.
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AHHOTAIIMMN

NMuuieBble TEXHONOrMm

Hcnosib30BaHNsA KOHIIEHTPATOB MUIIEBBIX BOJIOKOH B TEXHOJOTHN OUCKBUTHBIX
noJjydadpukaron

Enena Kob6en, Okcana Apnyns, Buktop louenko, Mpuna JloBryn
Hayuonanvnwiii ynueepcumem nuwegoix mexnonozuil, Kues, Yxpauna

BBenenue. lccienoBaHo BIMSHHE KOHIICHTPATOB MHUINEBBIX BOJIOKOH, a HWMEHHO,
KJICTYaTKH TIIICHUYHOM, sIOJOYHOM M Kakao Ha OEIKOBO-IPOTECHHA3HBIH M YIJICBOJTHO-
aMUJTA3HBIA KOMILUICKCHI MIICHUYHON MYKH.

Marepuanbsl W Metombl. VccrnenoBanue BiusHus [IB Ha mokasaTenu KadecTBa
KJICHKOBUHBI TECTa OCYIICCTBISUIM 110 OOIICIPUHATBIM METOAUKAM, CTPYKTYPHO-
MEXaHHYECKUX MoKa3aTesIei — ¢ IOMOIIbIO aimbBeorada, ammiorpada u dapurorpada.

PesynbraTel m o00cy:xkaeHue. [IpucyTcTBHE KJIETYaTKH CIOCOOCTBYET IOBBIIICHUIO
BOJIONOITIOTUTEILHON CIIOCOOHOCTH W BPEMEHH O00pa30BaHUSA TECTAa M YMEHBIICHHUIO €ro
YCTOMYMBOCTH. Y CTAaHOBJICHO, YTO KJIETYaTKAa IIOBBINIACT CTEHNCHb CBSI3BIBAHUSA BOIBI
TECTOM B cpefHeM Ha 12,5...23,2%, 4TO CBS3aHO CO CIOCOOHOCTBIO €€ MOJUCAXapUIHOTO
KOMILIEKCA CBS3BIBATh M YIACPKHBATh BOMY. Pe3yabTaThl HUCCIENOBaHHMSA Ha ajibBeorpade
CBUJIETENILCTBYIOT O TOM, YTO BHECEHHE KJIETYATKU B KonudecTBe 15...25% oT Macchl MyKH
B CpPaBHCHHH C KOHTPOJIEM IIOBBINIAET YNPYrocTh Tecta B 1,2..2 pa3a W yMEHBIIACT
pactsokumoct B 1,3...3  pasa. OOocHOBaHa II€J€COO0OPA3HOCTh  HCIOJIB30BAHUS
ITOBEPXHOCTHO-aKTHUBHBIX BEIICCTB B TEXHOJIOTMU OUCKBUTHOTO MOIyhaOpHKaTa, ¢ IeIbI0
YIYYIIEHUS Ka4eCcTBa TOTOBBIX W3nenuil. OIpenesieHo, YTO BBEICHHE B TECTO BMECTE C
KIeTyaTko cmecu 3MynbratopoB «Grindsted Cake» mNpHBOIUT K TIOBBIIICHUIO €r0
PACTSDKUMOCTU B cpefiHeM Ha 2,6% u 3yacTHYHOCTH Ha 2,6...6,8%, 4T0, 04eBHIHO, OymeT
MTOJIOXKUTEIHHO BIIUATH HAa KAYECTBO TOTOBBIX M3CIIHH.

BoiBonbl. [loOaBnenue cmecu osmynsratopoB «Grindsted Cake» mpuBomur K
MTOBBIINICHUIO TIOPUCTOCTH, VIACABHOIO o0beMa W KO3 (QHIMeHTa MomxbeMa TOTOBBIX
U3MeNuil ¢ 100aBlicHMEM KJICTYaTKH IIICHUYHOW, SIOJOYHOM M Kakao, TaKUM 00pa3oMm
MTO3BOJISISI MPHOJIM3UTL TIOKA3aTeIM KadyecTBa TOTOBOrO MoiyhaOpHKaTa K ITOKA3aTelsIM
KauyecTBa KOHTPOJIS, WU K€ UX IPEB30HUTH.

KiroueBble ciI0Ba: myKa, smynveamop, KieuKosuna, K1emuamkd.

YCOBepHIeHCTBOBaHPIe TEXHOJJIOTUMM NAIITETOB JJIA FrePOAMETUIHOIO0 MATAHUSA

Jrogmuna Ilemryk, Oner I'anenko, Upuna Pan3uesckas, boryn Bnagumup
Hayuonanvnwiti ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

BBenenue. lccienoBaHo TEXHOJOTHIO MPOM3BOJCTBA MAIITETOB 30aJaHCHPOBAHHBIX
3a MHKPOHYTPUEHTHBIM COCTaBOM C IICJBIO YCOBEPIICHCTBOBAHUSA M  POCIIHUPCHUS
aCCOPTHMEHTA FePOITHUETHICCKUX TIPOIYKTOB.

Martepuanbl 1 MeToabl. [IpoaHaM3UPOBAHO TOTCHIMAIBHOE ChIphEe IS pa3padOTKU
CICIMATIBHOTO MPOAYKTA JUIA TOXIIBIX JIFOACH, MpecTapenblX U IONrokuTenci. Jlms
YCOBEPIICHCTBOBAHUS peuentyp HCIIOJIB30BAHEI METO/BI MaTEMaTUYeCKOro
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MOJICTIMPOBAHMUS C YYETOM XHMHUYECKOTO COCTaBa U  CTPYKTYPHO-MEXaHHYECKUX
ToKazaTesiell KOHEYHOTO MPOJIyKTa.

Pesyabratel u  ofcy:xkaenme. PazpaboraHHbpli  mamTer — uMeeT  Oonee
cOaNaHCHPOBAHHBIT MHKPOHYTPUEHTHBI COCTaB 10 CpPAaBHEHUIO C KOHTPOJbHBIMHU
oOpazuamu.  YCTaHOBJIEHO, 4YTO B  KOHTPOJIbHOM  oOpaslie IalTeTOB  PE3KO
paszbanancupoBaH conepxkanue Ca u P — 1: 9,8 npu pexomenayemom 2: 1. Ilpu yBenndeHun
coJiep)KaHusl  OEITKOBO-MUHEPAIBHOIO 00OraTUTENsl TEpOAMETHYECKOTO B  pElenType
yBenuuuBaercsi conepkanrie Ca u ymenpniaetcs conepxanue P. IIpu 5ToM npu BHeceHHH
10% OenkOBO-MUHEPATIBHOI'O O00OTAaTHTENsl TEPOJUETUUECKOro pelenType Iamrera
COOTHOIIIEHUE TouTH uacansHoe Ca: P = 1: 0,5. Taxke ycraHOBIIEHO, uTo mobaBieHue 5%
OeNKOBO-MHUHEPAIbHOrO  oQoraturens  repoxueruueckoro  (pementypa Nel)  He
palMOHAIIBHO MTOCKOJIBKY HE SIBJISIETCS ONTHMAJIBHBIM JIISI TEPOJUETUUECKHUX MTPOJTYKTOB —
conepskanue Ca Bcero 174,1 mr Ha 100 T npoxykra unu 13,7% oT cyrouHol mOTpeOHOCTH.

MHUKpOCTpYKTypa pa3pabOTaHHOIO MaIiTeTa BKIIOYAET B CBOW COCTaB MBIIICUYHYIO
TKaHb B BHUJIE MICHTU(PUKYEMBIX (parMEHTOB MBIIIEYHBIX BOJIOKOH pasmepom 1o 0,7-0,8
MM. MplmeyHass TKaHb WMEET XapaKTepHble JUIs TEMIEepPaTypHOro BO3JCHCTBHUS
MHUKPOCTPYKTYpPHbIE HM3MEHEHUS — YMEPEHHYIO JECTPYKIHMIO MBIIIEYHBIX BOJIOKOH,
BbIpa)kaeTcsi B HaOyXaHUM, IOSBJICHWE HMX DPa3phlBOB M (parmeHranmu. Kierke smpa
OKa3bIBAIOTCS B MBIIICYHBIX BOJIOKOH B BHJE TEHEH, B COCAMHUTENHbHONW TKaHU WX
COXPaHHOCTD BHIIIE.

IIpu 3ameHe dYacTH MSCHOTO CBHIpbsS OEIKOBO-MHHEDPAIBHBIM  00OraTUTENIEM
TepOIUETUYECKUM MTOPUCTOCTh CTPYKTYPhI OCTAETCSl YMEPEHHOM M COOTBETCTBYET JAHHOMY
BUJY MSCHOTO NpOAyKTa. BHeceHne (pepMEeHTHPOBAHHOIO KOJUIAreHa3oi IMUIEBON pyoOua
KPC He npuBOAWUT K CYIIECTBEHHBIM HW3MEHEHHMSM MHKPOCTPYKTYPBHI MBIIIEYHOH W
COE/IMHUTEIILHOTKAHHON CTPYKTYPBI.

BoiBonbl. PexoMennyercsi Mcronb3oBaTh pa3pabOTKy B MUTAHUU HOXKWIBIX JIIOJIEH,
TIPECTapeIIbIX U IO OXKUTENEH.

KunroueBble cioBa: vsco, numanue, cepoouemuxa, nauwimem, 0eiox, Katoyuil.

I'ucroornyeckue XapaKTePUCTHKH YCOBEPIIEHCTBOBAHHBIX MACHBIX CEKYIIMXCS
noJjydadpukaron

Omnpra Macnuituyk, Mapus [1acxa
JIb606CKUIl HAYUOHATILHBIL YHUSEpCUMem GeMEePUHAPHOL MEOUYUHBL U OUOMEXHOL02UT
umenu C.3. Iacuyvroeo, Jlveos, Yxpauna

BemeHne. [IpoBeneHHE THUCTONOTMYECKUX XAPAKTEPUCTHUK MSCHBIX  CEKYIIUXCS
moay(haOpUKaTOB TMO3BOJISIOT BBIABIATH KOMIIOHCHTHI, AuddepeHIupoBaTh CBOWCTBA
Pa3IUYHBIX TKAHEBBIX M KIETOUHBIX CTPYKTYP, & TaKXKe JJIS OCYIISCTBICHHS KOHTPOJIS
MIPOIYKITUH.

Martepuanabl u MeToabl. OOBEKTaMH HUCCICIOBAHUI OBUIM YCOBEPIICHCTBOBAHHBIC
TOBsDKbM (apimm ¢ 3ameHoir 5%, 10%, 15% wmsicHOW [nonM Ha JIIONMHOBOIO MYKY H
nmobarnenuem 0,5% mopolka KOpHS JACBICHIA, KaK IMPSHO-apOMATHYECKOTO CHIPhS U
KOHTPOJIBHBIN 00pasell TroBskbero Gapmia. J[Is MHKPOCKOIMMYECKOTO HCCIICIOBAHHUS
MaTepuay pa3paboTaHHBIX (apiieli MapkupoBaiu U ¢ukcupoasud B 10% HEUTpaIbHOM
pactBope dopmanuHa. Ha caHHOM MHKpPOTOME M3TOTAaBIMBAIM Cpe3bl ToimmHoN ot 0,5-1
CM, KOTOpbIE OKpamIMBalu remMaTokcuiauHoM M s03uHOM, IIIMK peakuumeii. CBeToByro
MUKPOCKOITHI0O W MHKPO(POTOCHEMKH T'HCTONPEHAapaTOB OCYIISCTBISUIA C ITOMOIIIBIO
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mukpockorna Leica DM 2500 u dQorokamepst Leica DFC 450C mnporpammHoro
obecnieueHus Leica aplitation suite 4.4.

PesynbraTtel m obcyxkaenue. [Ipy MUKPOCTPYKTYPHOM HCCIICOBAHHH OOpa3IloB B
¢apriax OOHApPYKWJIM MBIIIEYHbIE BOJIOKHA TIOJIMTOHAJIBHOW M KPYrJoH (OPMBL,
LUTOIIa3Ma KOTOPBIX PaBHOMEPHO OKpallleHa B KPaCHOBATO-PO30BBIN IIBET, & MX TEMHO-
CHHHE S1/Ipa XOPOIIO MPOCMATPUBAIUCH 0] CAPKOJIEMMON. JTO YKa3bIBaeT HA TO, YTO JUIS
(hapria MCHONB30BAJIOCH CBEXEE OXJIAXKIECHHOE MSICO, TAKXKe CPEJH MBIIIEUYHBIX BOJIOKOH
MIPOCMATPHUBAJINCH SYEHKH JKUPOBOH TKAaHH, KOTOpAask THMCTOJOTHYECKH XapaKTepHU3yeTCs
ceryaTod CTpYKTypod. B Mecrax pacroiokeHHs KyCOYKOB cajla BBISIBJSUTHCH BaKyOIIH
pasnuuHOM (QopMBI M pa3Mepa, YTO M TpHUIaBalio cpe3y cerdarbiii BuA. CoOpaHHBIMH
TpyNIIaMy Kpyrible MUTOILIa3MBbl (PHOJIETOBOT'O LIBETA C SAPAMH TEMHO-(QHOJIETOBOTO 1[BETa
pa3sMElIeHHBIMUA B IIEHTPE KJIETOK ITOJUTOHANBHON (DOPMBI TPENCTaBJICHA JIFOMUHOBAS
MyKa; pacChIUaTbIMM BOJIOKHAMH KOPHYHEBOI'O I[BETa H300pakeHa xJieOHas Mmacca;
BOJIHUCTHIMH BOJIOKHAMH (DHOJNIETOBOrO IBETa HW300pakeH JIYK permvaTrhblii, TEMHO-
KOPHUYHEBBIMU €TMHUYHBIMH TOYKaMH 0003HAYEH JIEBSICHUIL.

BouiBoawbl. ['ncronornueckue uccienoBanus mokasanu mo lIuk peakuuu coneprkanue B
MSICHBIX pa3pabOTaHHBIX MonydadpukaTax MsCHYIO U pacTuTedbHble dYacTH. [lo
TeMaTOKCWJIMHY ¥ D03MHY OIPEJIENIUIN MTPOIIEHTHBINA cocTaB (apiia.

KaroueBsle cinoBa: cucmonoaust, lonuH, MyKa, 0e6scui, Msaco, Komiemd, Oeiok.

YcoBepuIeHCTBOBAHHE TEXHOJIOIHMH BOIHO-CIIMPTOBBIX HACTOEB /ISl MPOM3BOACTBA
CHPOIOB

Onmner Ky3pmun, fIna KoBanbuyk, Bnagumup Bennuko, Hatanes PomanueHko
Hayuonanvnwiti ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

Beenenune. Ilenpio paboOTHl SBJIAETCS HaydyHOEe OOOCHOBAHHWE W HWHHOBAIIMOHHBIC
TEXHOJIOTHH BOJHO-CIIMPTOBBIX HACTOEB [UIS IPOHM3BOJCTBA CHPOMOB B KOHIUTEPCKUX
M3IENUAX, I IPEIOCTaBICHUS MM (DYHKIIMOHAIBHBIX U 03I0POBUTEIIHLHBIX CBOMCTR.

Martepuaidbl W MeTOAbl. MeETONbl MCCICIOBAHUA: PEIOKCMETPis — OMpeaecHue
AHTHOKHUCIUTEIBLHON CITIOCOOHOCTH BOIHO-CIMPTOBBIX HACTOEB PACTUTEILHOIO CHIphs; pH-
METPHUsI; METOAMKH OIPEIeTICHHs OPTaHOJENTHUYECKUX TTOKa3aTele.

Pe3yasbTatsl. [lonydeHo MUHMMAaNIbHOE TeopeTudecku okujaemoe 3HaueHue OBIL,;,
JIIS pacTUTENBHBIX BOJHO-CIIMPTOBLIX HACTOEB, KOTOpble MMEIOT 3HaueHus ot 203,0 mB
(xopeHp umOups), 1o 480,9 MB (cynanckas po3a), a GpakTuueckuil nsmepeHHbI OBl —
or 82 MB (yuctes 3emusinuku) 10 246 MB (kopens mmOupst). [Ipu sTOM, MEUHHMaIbHAS
BEJIMYMHA BOCCTaHOBHTENIbHOU crtocoOHocTr (EB) paBnsercs — 42,3 MB u xapaktepHa 11
KOpHS MMOMps, a HauOoibllee 3HaueHHe 266 MB MMeeT BOJHO-CIMPTOBOM HAacTOW U3
IUTOIOB KaJMHBL. YpoBeHb pH /s BOZHO-CIIUPTOBBIX HACTOEB MMEET 3HaueHHe OT 2,985
(cymanckas posa) a0 7,605 (kopeHb UMOHPS), TO €CTh SKCTPAKTHI UMEIOT PEaKIUU — OT
KHUCITOH J10 CITa0O0IIEeNI0YHOMN.

BeimeneHsl TpyIel HACTOSB MO AHTHOKUCIUTEIBLHON aKTHBHOCTH: HACTOM C HHU3KOU
aKTHBHOCTBIO — 3 oOpasua (25 %), cpenu KOTOpbIX KOPEeHb UMOUPS, TUIOJBI S0JIOK, TUIOJIBI
Oy3uHBI; HACTOM CO CpEOHEH akTHBHOCTRIO — 4 obpasma (33 %), cpemm KOTOPBIX
HauMeHbIee 3HadeHue 133,4 MB umeer xopwuiia, a Haubosbiree — 171,8 MB uMeroT TUCThS
BHIITHA; HACTOU C BBICOKOW aKTHBHOCTBIO — 5 00pa3nos (42 %), cpeau KOTOPBIX psOWHA —
234,3 MB, Bumns — 247,5 mB, cynanckas posa — 260,4 MB, kanuHa — 266 MB u obnenuxa —
282,4 MB.
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BoiBoapl. OmpezeicHsl Hanbonee IEPCICKTHBHBIC HMCTOYHHUKH —€CTECTBEHHBIX
AHTUOKCHUJIAHTOB JUISI HCIOJNB30BAaHUSI B TEXHOJOTHU CHUPOIIOB JUISI TPONUTKHA B
KOHJIUTEPCKOM MPOMBIIIUIEHHOCTH.

KnaroueBsie cinoBa: ouckeum, Hacmot, cupon, aHmuoKCUOaHm.

3Kcneansa KavecTBa MaiioHe3a

Hatanea MenseneBa
Hayuonanenutii ynueepcumem duopecypcos u npupooonoavsosanusi, Kues, Ykpauna

Beenenune. HeocnopuMbIM  (akTOpoM YCIIEHIHOCTH TOPTOBOM MAapKH SIBISETCS
Ka4yecTBO M3TOTaBJIMBaeMOW Mponykuuu. KadecTBo MaiioHe3a OIpeaensercs KOMILIEKCOM
MoKa3aTejIel: opraHojienTHdeckux (BKyc, 3amaxX, I[BET, KOHCHUCTCHIU:), (u3mKo-
XUMHUYECKUX (’KUPHOCTh, KpaxMall, KHCJIOTHOCTb, HAIMYNE KUCIIOT), MUKPOOUOJIOTHIECKIX
(budunodakTeprn, MUKPOOPTaHU3MBI, IPOXKIKH, IUIECHEBBIE TPUObI, OAKTEPUH).

Martepuanbl Ta MeToabl. lccienoBaHusi TpOBEIEHH Ha TpUMeEpe 00pasloB
YKPaWHCKUX IPOM3BOAMTENEH pa3IM4YHbIX TOProBhIX Mapok. OOpasusl MaiioHe3a
OLIEHUBAINCh [0 OPraHOJIENTUYECKHM, (HU3UKO-XUMHUYECKHM, MHKPOOUOIOTHIECKIM
MOKa3aTessIM, IPOBOMIIACH OIIEHKA YIAKOBKU M MapKUPOBKHU JIAHHOW MPOIYKIHH.

VYpoBeHb KadecTBa MailoHe3a OIIEHMBAJIM C ITOMOUIBIO JECKPUIHO-NPO(UIBEHOrO
METoJla CEHCOPHOI'0 aHallu3a C MPUMEHEHHWEM IMATH OanbHOM CHCTEMbI M TPHBIICYCHUS
TPYNITBI HKCTIEPTOB.

Pesyabratel u o0cyxnenue. Pe3ynpTaThl aHanm3a MapKUPOBKHA OOHApYKHIH
OTCYTCTBUE HHJEKca E mpu ykazaHMM THIIEBBIX 100aBOK MalOHe3a IPOU3BOAWTEIEH
ToproBeix Mapok «Koponesckuit Bkyc» Koponesckuii u «OJIMCy» IlpoBancans.

[pensnoxxeHb! AUCKPENTOPH! OPTraHONENTUYECKHUX TToKa3arTeneil (KOHCHCTEHINS, BKYC 1
3amax, I[BET), MApKUPOBKH U BHEIIHETO BHJA YIIAKOBKH, ONPEEICHBI X MPOQHINPOBAHHS
no Aty GanpHOH mikase. C MOMOIIBIO IECKPUIITOPHO-IIPO(UIBHOIO METOa ONPEASIIUIN
Haunbosiee KOHKYPEHTOCIIOCOOHYIO U TIPHBIIEKATENBHYIO MPOMYKLHUIO U MOTPEOUTEsL.
Hawusricmiyto ornenky umeeT nponykuus «Koponesckuit Bkyc» Koponesckuit u «Topumny»
[IpoBaHCKMIA.

Ou3nMKO-XMMHYECKUE UCCIIECOBAaHHUSI MallOHe3a MOKa3ajH, YTO KHCIOTHOCTh 00pa3IoB
cocramwia ot 0,18% mo 0,51%, comepkanme xupa — 67% Ha Bcex oOpasliax, 4TO
COOTBETCTBYET MH(pOpPMalMK yrakoBku. KoiumdecTBo cOpOMHOBOI KHCIOTHI B Tpenenax
HOpMBI — He Oomee 1000 mr / xr. Kpome Toro y mpousBoaurens «Onucy MpHCYTCTBYET
KOHCEpBaHT — OCH30MHasI KHCIIOTa, KOTOpasi He OblIa 3asBJIEHA, €€ COJlEPKAHUE COCTABIISET
19,4 mr / xr.

MHUKpOOHONIOTMYEeCKUE HUCCICJOBAaHUS HE BBIABWIM HAPYLUICHHA B TPOAYKIHH
yKa3aHHBIX MPOU3BOUTEICH.

BoiBonpl. [lomydeHHble  pe3yabTaThl  HCCIIENOBAHUS — MaloHe3a  pa3IMYHBIX
npou3BomuTeNned 1o (YU3UKO-XMUMHYECKMM W MHUKPOOHMOJIOTMYECKUM  MOKa3aTessiM
CBUJIETENBCTBYIOT, 4YTO WX 3HAYEHUS IIOJHOCTBIO COOTBETCTBYIOT TpeOOBaHUSIM
JIEWCTBYIOIUX HOPMATUBOB Y KPaUHBL.

Keywords: maiiones, MapKHpoBKa, KauecTBO, OPTaHOJIENITHKA, IECKPUITOPEIL.
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MarteMaTH4eckasi MOJAeJIb AKTHBU3ANMH KHAKOCTH ITPH W3TOTOBJIEHUH XJ1e6a B
JoOMaIlIHel xJiedoneuke

Buranuit boponun, Auna llpirankosa
Hayuonanvuwiii ynueepcumem nuwjedvix mexnonozuil, Kues, Yxpauna

BBenenue. B kHUrax perenToB 0TMEYaeTCsl, YTO IICHOOOpa30BaHUE 3a CUCT B3OMBAHUS
SIAI TIPY TIOJITOTOBKE MHIPEAUEHTOB ISl BUIICKAHUs XJieba, yaydiiaeT KadecTBo xyeba. B
paboTe 1aHO 0OOCHOBaHHE 3TOTO (haKTa.

Martepuaiabl M MeToAbl. PaccMoTpeH XJe0-OpHOIb, W3MOTOBJIEHBIH B JOMAIIHEH
xneborneuke.  [IpUMEHSIOTCS  METOABI  MAaTEMAaTHYECKOr0  MOJAEIHMPOBAHUS  JUIS
paccMOTpeHust po0JIeMbl aKTUBHM3AIMK JKUAKOCTH MPU M3TOTOBJIEHUH XJicba B OBITOBOM
xJIe0oreuKe.

PesynbTaTsl n odcy:xkmenue. [1omn »KuIKoCThIO OyIeM TOHUMATh JIIOOYIO CYOCTaHIIHIO,
KOTOpasi pactekaercs. Eciu B pe3ynbraTe NPUMEHEHHS OIPEACICHHON TEXHOJIOTHH
MOJIYYUM HM3MEHEHHUS (KOTOpble MOYKHO 3a()MKCHPOBATH W3MEPEHUSMH) B IO3UTHBHOM
HANpaBJICHUH HEKOTOPHIX XapaKTEPHCTHK T'OTOBOIO MPOAYKTa, TO OyJIeM TOBOPUTH 00
AKTHBU3AIMHN JKUAKOCTH. [IpUBEICHBI IPUMEPHI AKTUBHU3AIIUH KHUIKOCTH.

ITocTpoeHa MaTeMaTH4eCKash MOJENb, KOTOpas IOKa3bIBAET, YTO HHTEHCHBHOCTH
KOHTaKTa TBEPAOH W >KMAKOW (pakmuii NpH IepeBOAe JKUIKOCTH B IEHY JOJDKHA
Bo3pactaTh. CUHMTAETCs, YTO TEHA COCTOUT U3 COBOKYIMHOCTH C(HEPUUCCKHX CETMCHTOB
chep NPOM3BONBHOrO paamyca R pasHOi BBICOTBI 4. Ha BBICOTBI CerMeHTOB /i
HAJIO)KCHO E€CTECTBCHHOC OIpPaHMYCHHME, YTO OHHM  PABHOMEPHO paclpelelieHbl Ha
npoMmexytke [0,R]. Jns XapaKTepUCTUKH TIUIOMIATM KOHTAKTa TBEPIOM M IKUIKOH
(dpakimii paccMaTpUBAaeTCs MOHATHE KOA(PQUIMEHTa KYMOJBHOCTH. MaTeMaTnieckoe
okuIaHne Koe((UIUEHTOB KYMOIbHOCTH C(HEPUUECKUX CErMEHTOB OMPEIENAeT CPEeIHHMA
koedummeHT KymonbHOCTH. JlOKa3aHO, UTO JUIS MPEIIOKCHHON MOJCIH MEHBI CPeIHUMN
K09((DHUIMEHT KYTOJIBHOCTH paBHsiercs 1,5.

BruiBoabl. [IpemiokeHHas MmaTreMaTudeckass MOJEIb TEHbI MOKA3bIBAET BO3ZMOYKHOCTh
MHTEHCU(UKAIIMK KOHTAKTa TBEPAON (DPAKIUU M KHIKOCTH B 1,5 pasa mpu mepeBoje
JKHUJKOCTHU B TIEHY.

KiroueBbie ci1oBa: x1e6, Mooenuposanue, neHooopasasanue.

Mpoueccbl n 060pyaoBaHME NULLEBbIX NPOU3BOACTB

Kunernka CYHIKH 3€pHA NIIEHUIBI B TOHKOM CJ10€

Bstaecnas Muxaiimuk', CBsiTocaaB HeMEHTapBZ,
Poman SIxo6uyk’, Esrennit Ckpunnuk’, Poman CeMeHKo”
1 — Uncmumym mexnuueckoui mennogusuxu HAH Yrpaunol, Kues, Ykpauna
2 — Hayuonanvuwiii ynusepcumem nuwjedvlx mexuonoautl, Kues, Yxpauna

Beengenue. lccnenoBaHbl 3aKOHOMEPHOCTH IIpollecca CYIIKHM 3€pHa IIIEHWUIBl B
TOHKOM CJIO€ JUIsi OOOCHOBAHUS PallIOHAJIbHBIX PEXKHMOB TEIUIOBOM 0OpabOTKH 3epHa B
CYLIMJIBHBIX alnapaTax KOHBEKTUBHOIO THIIA.
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Matepuanbl u MeTOABI. B nccienoBanusx ObUIO HCIIOIB30BAHO 3€PHO MIIEHHUIIBL. J[i1st
NpUAaHUs 3€pHY TI0JIEBOM BIQXKHOCTH €r0 HMCKYCCTBEHHO YBIXHSIM. BiakHOCTh
OIIpEeJIeIISIM  BBICYIIMBAHUEM [0 aOCONIOTHO CyXOi Macchl. MccnemoBaHue mporecca
CYIIKH TIPOBOJIMIIM Ha SKCIIEPUMEHTAILHOM CTEH/Ie KOHBEKTHBHOI'O THIIA.

Pesyabratel W o0cy:kneHme. AHanM3  pe3yJbTaTOB  OKCIIEPUMEHTAIILHBIX
WCCIIEJIOBAaHUH TIpollecca KOHBEKTUBHOM CYIIKM 3€pHAa MIIEHHWII C  Pa3jInYHOU
BJI&YKHOCTBIO TIOKa3aJj, 4TO MOBBIIIEHUE TeMIepaTyphl cymibHoro arenra ¢ 80 go 100 °C
YBEIIMUUBAET CKOPOCTh U YMEHbIIAET NMPOJODKUTEIBHOCTh CYLIKU 3epHa B 2,2-2,3 pa3a, a
YBEJIMYEHHE CKOPOCTH CYIIMJIBHOrO areHra ¢ 1,5 1o 2,5 m/c BBI3bIBa€T pOCT CKOPOCTH U
COKpaIleHus BpeMeH! cymku ~ 20%.

VYBenuuenue ToNIMHLBI cios 3epHa ¢ 10 1o 15 MM 3a cuer yBenMueHHs IUIOLIANU
UCMIapeHHs] NPUBOINT K YBEIWYEHHIO CKOPOCTH cymiku B 1,1-1,2 pa3a B 3aBUCHMOCTH OT
CKOPOCTH BO31yXa.

[Tpy KOHBEKTHBHOM CYIIKE HETOJBIKHOTO CJI0s 3epHa BbicoToi 10 u Oojxee MM mpu
OOKOBOM 00/yB€ CYIIMJIBHBIM areéHTOM JIOCTHYb OJMHAKOBOW BJIQYKHOCTH 3€pHa B 0ObEMeE
oOpa3iia 3a 40...60 MUH. TPAKTHUECKH HEBO3MOXKHO.

BbiBoabl. YCTaHOBIIGHO, YTO HWCIIOJIB30BaHHE CYLIMIBHOI'O areHTa ¢ TeMIlepaTypou
100 °C yBenmnuMBaeT CKOpPOCTb CYWIIKM 3epHa B 2,223 pa3a IO CpPaBHEHUIO C
temrepatypoir 80 °C; yBemMueHHE CKOPOCTH CYHIMIBHOTO areHra ¢ 1,5 mo 2,5 m/c
o0ecreyrBaeT pocT CKOPOCTH CYIIKH 3epHa Ha ~ 20%.

KaroueBslie ciioBa: sepro, nuienuya, Cywxa, Ciotl, 1azocooepicanue.

I/IH)ReHeprIﬁ METO pacueTa napaMeTpoB AbLIMOBBIX I'a30B YIOJbHBIX TC€IIOBbBIX
3J'leKTp0€TaHlIl/ll71 Ha OCHOBEC XapaKTEPUCTUK TBEPAOI0 TOIJINBA

1 2
Urops Bonbuun ', Jlironmuna I'anonny
1 — Uncmumym yeonvnwix anepeomexuonoeutt HAH Yxpaunvl, Kues, Yxpauna
2 — Hayuonanvuwiii ynusepcumem nuwgedvlx mexuonoautl, Kues, Yxpauna

Beenenue. YBenuueHue A0NM YIS B TOIUIMBHOM OallaHCE TEIIOBBIX AJIEKTPOCTAHIIMNA
(TSC) mpuBeso K poCTy BaNOBBIX BEIOPOCcOB SO, 10 1 MiTH. T/Toa. D10 TpeOyeT BHEAPCHHUS
Ha YrONBHBIX OJIEKTPOCTAHLUSIX TEXHOJOTHYECKHX MEPOIPUSITHH 10 COKpAIICHHIO
BBIOPOCOB OKCHJIOB CEPBI.

Matepuanbl u Metoabl. [lo craHmapTHOW MeTOAWKE OBUIM BBINOIHEHBI PacyeThl
YIEIBHBIX 00BEMOB ABIMOBBIX T'a30B U KOHIIEHTPALIWI B HUX JTHOKCH/A CEPHI 110 JaHHBIM 96
cepTU(UKATOB Ha YroJNBHYIO MPOAYKIHIO C IIaXT U o0oratutenbHbX (hadbpuk JloHeukoro
yroipHOro OacceifHa.

PesyabraTbl. B pesynbrare ObUIM MOTy4eHB SIMIUPUUECKHIE JTMHEHHBIE 3aBUCUMOCTH
YIEIBHOTO 00beMa CyXOro JABIMOBOIO I'a3a OT TEIUIOTHI CrOPaHUs TOIUTMBA U COZIEPIKaHHS
30IIbI B TOIUIMBE M 3aBUCHMOCTH KOHIIEHTPALMHM JUOKCHJIA CEPbl OT COAEP)KAHUSI Cephl U
3051l B TOIUTMBE, OTJEJBHO JJISI HU3KOPEAKIMOHHBIX M BBICOKOpEaKIMOHHOro yriisi. [Ipu
HAJIMYUK TOTEPh TEIUIOTHI Yepe3 MEXaHWYECKHH HEI0XKOT TOIUIMBA, YIENbHBIA 00BheM
CyXUX JBIMOBBIX ra30B yMeHbnaercs B (1 — q,/100) pa3, a KOHIEHTpauus THOKCUIA CEPHI B
HuX yBenmuuBaercs B 1/(1 — q,/100) pas.

Co3/1aH WH)KEHEPHBIA METOJ ONpeNeNeHHs YIEIbHBIX BHIOPOCOB CYXHX JBIMOBBIX
ra30B Ha YrOJBHBIX TEIUIOBBIX AJIEKTPOCTAHIMAX YKPaWHbl U OXKHIAEMON KOHIEHTpPAIMU
JIUOKCHIAa Cepbl B HUX HAa OCHOBE [aHHBIX TEXHHMYECKOTO aHalM3a IpH HAJTUYUH
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MEXaHMYECKOr0 HeJ|0)KOra TOILTMBa. MeToJl pacuera yJedbHbBIX BHIOPOCOB CYXHUX JBIMOBBIX
razoB Ha TOC u TOL u oxxugaeMoll KOHLIIEHTPAIMM B HUX JUOKCHJAA CEephl Mpelaraercs
HCIIONB30BaTh B AMANa3oHe 301bHOCTH TommBa A% o1 4.0 10 50.0% W TEIOThI CropaHus
rormuBa Q; ot 14.5 no 32.0 MJIx/kr.

[pennaraeMplii HHKEHEPHBIH METOM OBLI MCIONB30BAaH ISl pacueTa OLEHKH BaJOBBIX
BbIOpocoB SO, © 00BEMOB CyXHWX [BIMOBBIX Ta30B Ha YrOJbHBIX TEIUIOBBIX
anexTpocTaHimax Ykpaunsl B 2012 — 2016 rr. BenuuuHbl yAenbHBIX BHIOPOCOB CEPHI B
JBIMOBBIX T'a3aX B MOCJEIHHE TOJbl HaXo[sATcs Ha ypoBHe 16—20 r/kBr-uac. oTnyiieHHO
3IEKTPOIHEPTUH.

BouiBoabl. Pa3paboTaHHbIil METOJ| MO3BOJISIET ClENaTh OIEHKY OXXHIAEMBIX BHIOPOCOB
IUOKCHIA Cepbl B JBIMOBBIX Tra3aXx M BBIOpaTb HEOOXOIUMYIO TEXHOJOIHIO
Jecynb(Qypu3anyu it COOII0IeHNs] TpeOOBaHUH SKOJIOTMIECKOr0 3aKOHOIATENbCTBA.

KunroudeBbie cioBa: snepzemuka, 5k0102us, Meniod1eKmpocmanyus, ObiM, a3, ulopoc,
OuoKcuo cepol

MaremaTudeckoe moaejaupoBanue u ontumusauus B CAITP sjiemenToB annapaTon
NHUIIEBOI U XMMHYECKOH MPOMBbIIIJIEHHOCTH

[TaBen [IBen, Anna Toponenko, Esrenust Haymenko, Xyccaun Bamun [Hlep
Ooecckuil HayUoHabHbILL noaumexuuyeckutl ynieepcumem, Qdecca, Yrpauna

Beryn.  PaGora mocBsiieHa  MOBBINICHHIO — KauyecTBA  aBTOMATH3UPOBAHHOIO
MIPOCKTUPOBAHKS aIlllapaToB IHUINEBOM W XUMHYECKOW IPOMBIIUIEHHOCTH 3a CUer
YMEHBIICHUSI MACChI UX JI€TaJlell PH COXPAHEHUH HACKHOCTH aIllapaToB B IIEIOM.

Matepuanbl U MeToAbl. Vccnenyercss HanpshyKeHHO-Ie(pOpPMUPOBAHHOE COCTOSHUE
KPYIJIBIX 000JIOueK, padoTaloUMX I0J] paclpe/ieleHHON Harpy3koid. B ammaparax
TOBBIIIEHHOTO JaBJCHUS K TakuM JIeTalsiM OTHOcsTCs JHumia. Ilpu  pacyerax
UCIIONIb30BAaHbl MaTEeMaTHUECKUe METOJbl, KOTOpble ucnonb3ylor ¢yHkuun [aycca,
VYatitrakep u Kymepa. [l Takux pacyeToB MCIoIb30BaHa mporpamMma Maple 13.

PesynbtaTrhl M 00cy:KaeHHe. YCTaHOBIIEHO, YTO KpPYTJIble IUIACTHHBI MOCTOSHHON
TOJIIMHBI OKa3bIBAIOTCS KOHCTPYKTHBHO HEpAllMOHAJIBbHBIMU. B cBs3u ¢ atum B pabore
Tpe/iIaraercs rnepexo]l K KOHCTPYMPOBAHHIO KPYIJIBIX TUIACTUH TEPEMEHHOW TONIIMHBI U
pa3pabaThiBaeTCS METOJ| MPOCKTUPOBAHUS TAKMX IUIACTHH. Pa3paboTaH aHAIMTHYECKUI
METO/I ONpe/eIeHNs] HaNPSDKEHHO-/1e()OPMUPOBAHHOTO COCTOSIHUS TIACTHHYATHIX JIeTajel
KpYri0it (opMBbl ¥ NTEpEeMEHHOM TOJIIUHBI ITPU CrUOAHWHU, KOTOPBIA MO3BOJSET TONYYHTh
pemieHre B Hawbojiee YHIOOHOM IJIsl aHaiuu3a 3aMKHYTOM ¢opme (B Bume (opmyi).
I'panuneit Kpyriiol MIACTHHBI SIBJISIETCS OKPYKHOCTh, TOATOMY ISl pPACUETOB ITPUMEHSIETCS
TIOJISIPHASI CUCTEMa KOOpAUHAT. B pa3Bs3Ky ObLIM 3aeCTBOBAHbI J1Be QyHKIUH YalTTakep
nepBoro u BTOporo pona. CpaBHUBasi mapaMeTpsl B (QYHKIMH YaWTTakep ¥ B (QYHKIMN
Kymmepa, onpenenunu  HoByto Qopmy s coOctBeHHbIX (yHKimid. [IpoBepka
SKBUBAJIEHTHOCTH Tiepexoza K ¢yHKimsaM Kymmepa BbinomHeHa B mporpamme Maple 13.
[Tonuoe coBnaneHue rpauKoB cOOCTBEHHBIX (DYHKIUI CBHIETENBLCTBYET O KOPPEKTHOCTH
BhIMONIHEHHON 3aMeHbl. Dynkimun Kymmepa u Vaiitrakep mnpuHajiexar K Kiaccy
BBIPOXKJICHHBIX THIIEPreOMETPHUYECKUX (YHKIMH, HMX MCHONB3YIOT Uil TOCTPOCHHUS
peLIeHNH B HEKOTOPBIX 3aJa4ax (pU3NKH, aCTPOHOMUH U MEXAHUKH.

BuiBonbl. IlpemnokeH cnocod MPOEKTUPOBAHUS PAalMOHAIBHBIX JAHAMETPaIbHBIX
CEUYCHUH AIIEMEHTOB MAIllMH | allapaToB, KOTOPbIE UMEIOT (JOPMY KPYIIIBIX IIACTHH.

KaroueBnie ciaoBa: nanpsoicenue, CAIIP, Oegopmuposanue, kpyenas niacmuna,
¢ynxyus Laycca.
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JKOHOMMKA U ynpasieHue

MeTomea OIEHKH CUCTEMBI YIIPABJICHHUSA NMEPCOHAIOM NMPEANNPUATHH
MHCOHepepaﬁaTblBalOHIeﬁ oTrpac/in

Enena [lparan, Anuna beprep
Hayuonanenwiii ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

Beenenue. CraTbsi TOCBsilIeHa BOMPOCY (OPMHUPOBAHMS CHUCTEMBI YIPaBIICHUS
MIEPCOHAJIOM NPEANPUATHN MsconepepadaThIBalOIEH OTPACIH, YTOYHEHHIO €€ CTPYKTYpHI.
[Ipemaraercs onpeeieHHe HHTETPAIBLHOTO TOKa3aTeNs OICHKH 3()(HEKTUBHOCTH CUCTEMBI
YIIPaBJICHUSI IEPCOHAIIOM TIPEITIPHSTHSL.

Matepnanbl W MeTOABI HCCIEAOBaHUS. B padore NPUMEHSIOTCS METOJBI:
CHCTEMHOI'O aHaiu3a B Bompocax (OPMUPOBAHUS CTPYKTYPHl CHUCTEMBI YIPABICHHS
TIEPCOHAJIOM M UCIIOJIb30BAHHS €0 B PAKTUYECKOH JIESITENbHOCTY MPEATPHATHS; aHaIn3a
U CHHTE3a, aHAJIOTWU M COIOCTaBJICHHS — B METOJHMKE OLIEHKH 3(P(HEKTHBHOCTH CHUCTEMBI
YIIpaBJICHUSI IEPCOHAIOM TIPETIPHSTHSL.

Pesyabratel m o6cyxaenusi. [IpoGnema QopmupoBanus 3¢dexTuBHON CcHUCTEMBI
YIIPaBJICHUS TEPCOHAIIOM SIBIISIETCS OJHOM M3 HauOoiee Ba)KHOW Uil COBPEMEHHOTO
yIIpaBJeHUsS TNpeANpUsITHeM (OpraHu3anueii), Kak ¢ Hay4HOW TakK, M C INPaKTHYECKOU
CTOPOHBI UCCIIEJIOBAHUSI.

YuuThIBas crenuQUKy TpEennpusITHi MscornepepadaThIBaIOIed OTPaciy, BO3SHUKAET
HEOOXOANMOCTb COBEpPIICHCTBOBAHUSI CHUCTEMBI YIIPABJICHHUS IMEPCOHAJIOM IPEIIPHSTHSL.
[Ipennararorcst  cneayromye  MOACUCTEMBI  CHCTEMBI  YIPABJIEHHS  IIEPCOHAIIOM:
nH(pOpMaIMOHHO-TTPABOBOTO obecrieueHus, aHaJIMTHUYECKas, OpraHHM3alOHHAs,
MOTHBAIIMOHHASI ¥ KOHTPOJUTUHTA.

Jns oueHKH S(PQPEKTUBHOCTH CHUCTEMBI YIPABICHUS IEPCOHAJIOM IPEIIPHSTHS
npejajaraeTcs METOAMKa, KOTopas MpeaycMaTphBaeT: OINpeleieHUEe  eIMHHYHBIX
rokasaTesiel, KOTOpble XapaKTEepU3YIOT JaHHYIO CHUCTEMY; BHIOOp ATaJIOHHOTO 3HAYEHHUS
nokasatesiell Juisi cpaBHEHHs C (DAaKTHYECKUMH TOKa3aTesIMU; pacdér HHTErpajbHOrO
mokazaTtesst 3 (HEKTUBHOCTH JAaHHOW CUCTEMBI.

BouiBonpbl. [IpemnokeHHble MOAXOABI K YCOBEPIICHCTBOBAHHUIO CUCTEMBI YIPaBIICHUS
MEPCOHAJIOM TMpEeNnpUsaTUs MsiconiepepabaTbIBafoIell OTpacid TO3BOJSIOT — CIeaTh
COOTBETCTBYIOIIME BBIBOABI JUIS JANbHEHIEro IUIAHUPOBAHHS MEPONPUATHIl 1O
TOBBIIICHUIO  [TPOM3BOAMTEIBHOCTH TPY/AA, TIOMCKAa DPE3EPBOB COBEPILCHCTBOBAHMS
HOPMHUpPOBaHUsT TpyAa W pPalMOHAIBHOTO KCIOJB30BAaHHUS TPYIOBBIX PECYpCOB,
obecrieueHHIo CTa0MJIBHOCTH  KaJpOBBIX  IOKa3zaresed padoThl,  YBEIHUYEHHUIO
MOTHBALMOHHBIX MPEJIOKEHHH IpH pa3paboTKe KaJApOBOW CTPATETHH IPEIIPHUSTHUSL.
Meroauka oneHkd 3(h(EeKTHBHOCTH CHCTEMBI YIPaBJICHHUS MEPCOHATIOM NPEAIPUSTHS Ha
OCHOBE HambOollee paclpOCTPaHEHHBIX OJKOHOMHUYECKHX [MOKaszaTeleld OTInYaeTcs
JIOCTYITHOCTBIO U TIPOCTOTOH B UCIIONB30BAHUH.

KnarwueBsle cnoBa: nepconan, s@gexmusnocmo, npednpusimue, MsCO, OMPACTb,
nepepabomka.

—— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 2

375



Instructions for Authors

Instructions for Authors

Dear colleagues!
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invites you to publication of your scientific research.

Requirements for article:

Language — English

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

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

The structure of the article:
The title of the article
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Institution, where the work performed.
Abstract. The structure of the Abstract should correspond to the structure of the
artlcle (Introduction, Materials and methods, Results and discussion, Conclusion)
5. Key words.
6. The main body of the article should contain the following obligatory parts:
Introduction
Materials and methods
Results and discussion
Conclusion
References
If you need you can add another parts and divide them into subparts.
7. The information about the author (Name, surname, scientific degree, place
of work, email and contact phone number).
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All Figure s should be made in graphic editor, the font size 14.

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

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

Photos are not appropriate to use.

Extended articles should be sent by email to:
ukrfoodscience@meta.ua
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Ukrainian Journal of Food Science 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 J0oKTOpa 1 KaHmuaata Hayk (Hakxa3 MiHnicrepcTBa
ocitu i 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 pereH3yBaHHs»
(peleH3eHT He 3Ha€, YMIO CTATTIO PEleH3YE, i, BIIIOBIJHO, aBTOP HE 3HAE PEIICH3EHTA)
JIBOMa BUCHHUMH, TPU3HAYCHUMH DPEJAKIIHHOI KOJIETi€l0: OJMH € WICHOM pPEeIKOJerii,
IHIIMH — HE3aJICKHUIN YUICHUH.

ABTOpCBHKe NMpaBo. ABTOPH CTaTeil rapaHTYIOTh, 1[0 POOOTA HE € TOPYIICHHM OY/1b-
SIKUX ICHYIOUMX aBTOPCHKUX MpaB, 1 BIJIIKOJAOBYIOTh BUABIIIO MOPYIIEHHS JaHOI TapaHTii.
OnyOmnikoBaHi Matepiasu € npaBoBoto BiacHicTio Bumasipsl «Ukrainian Journal of Food
Sciencey, SIKIIIO HE Y3rO/KEHO THIIE.

IMoaitnka axamemiunoi etukm. Penmakiiis «Ukrainian Journal of Food Science»
KOPHUCTYEThCS TPAaBUIAMH aKaJeMiYHOI €THKH, BUKIaJgeHUMH B mipaiii Miguel Roig (2003,
2006) "Avoiding plagiarism, self-plagiarism, and other questionable writing practices. A
guide to ethical writing”. Penmakmisi mpomoHye aBTOpam, peIEH3eHTaM 1 4YHhTadam
JOTPUMYBATHCS BUMOT, BUKIQJECHHX Y IIbOMY IOCIOHHKY, 00 YHUKHYTH HOMHJIOK B
o(opMIIEHHI HAYKOBUX IIpallb.
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I'osioBHMII penakrop:

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

Yiienn pemrakuiiiHoi Koserii:

Anexkcanap IBaHOB, 1-p. TexH. HayK, npod., MOruIbOBCHKHI JIepiKaBHUH  YHIBEpCHUTET
poaoBoNIbCTBA, Pecrybnika benapycs

Anexkcanap Mamues, 1-p. TeXH. HaykK, npod., ¢imis MOCKOBCBKOrO JIEpiKaBHOTO YHIBEpPCHTETY
TeXHoJOorii Ta yrpasiinHs B M. Meneys, Peciy6nika bamkoprocran, Pocis

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

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

AnToHesa JIopoxoBHY, I-p. TEXH. HayK, npod., Hayionanenuii ynisepcumem xapuosux mexmonoeit,
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lamuna Cimaxina, a-p. TexH. Hayk, npod., Hayionanohuii ynigepcumem Xapuosux mMexHonocil,
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3anpsina JlenkoBa, 1-p, npo., Vuisepcumem xapuosux mexnonociii, m. Ilnosous, boneapis

IBan Manexuk, 1-p. TexH. Hayk, npod., Hayionanvhuii ynisepcumem Xapyoeux mMexHonoeit,
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Mapxk Ilamusin, kaHn. TexH. Hayk, nou., Cawnxm-Ilemepbyp3vkuii OepocasHull mexHono2iynuil
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Ounexcanap Cepborin, 1-p.TexH. HayK, npod., Hayionanvhuil ynieepcumem xapyogux mexmonocit,
Ykpaina

Harania CxoneHko, 1-p. eKoH.HayK, Hayionanvhuil yHisepcumem xapuoeux mexuonoz2it, Ykpaina
Ounexcanap lleBuenko, 1-p.TexH. HayK, npod., Hayionanvhuii ynieepcumem xapuogux mexnonoeit,

Ykpaina
Ounena I'paGoBcbka, 1-p. TexH. Hayk, npod., Hayionanvuuil ynisepcumem xap4osux mexmonocii,
Ykpaina
Onena Cojoryd, n-p. exoH. Hayk, npod., Hayionanvhuil yunigepcumem Xap4o8ux MexHon0eil,
Ykpaina

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

Terssna MocTeHcbKa, I-p. €KOH. HayK, npod., Hayionanenuil ynieepcumem xapyogux mexmonoeii,
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Tersina [upor, x1-p. 6ion. Hayk, npod., Hayionanvnuii ynieepcumem xapuosux mexnonocii, Ykpaina
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Bumoru 10 opopMiieHHs cTaTen

Mosga cratTi — aHrJiiicbKa.

PexomennoBanuii odcsr cratri — 815 cropinok (mns orisimoBux cratedt — 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 CTOPIHKH. AHOTAIlisl ITOBUHHA
BIJIMOBIIaTH CTPYKTYpi CTAaTTi Ta MicTHTH po3finu Berynm (2-3 psaxu), Matepianu i
Meronu (mo S5 psakiB), Pesymbratn Ta oOroBopeHHs (IiB cropiHku), BucHoBku (2-3
PAIKH).
5. Kirouosi cioBa, 3—5 ciiiB, ajie He CIOBOCIIONYYeHS (!).

IIynkTH 1-5 BUKOHATH aHIiCHKOI0, YKPATHCBKOIO TA POCiiiCbK0I0 MOBaMHU.
6. OcHOBHHII TEKCT cTaTTi. Mae BKITIIOYaTH Taki 000B’SI3KOBI PO3IiIH:
Beryn
Marepianu Ta MeTOu
Pe3ysnbraTn T2 0OrOBOpEHHS
BucHoBku
e Jlireparypa.
3a HeoOXiJHOCTI MOXKHA JIOAABATH IHIII PO3/ILIK Ta PO30UBATH IX Ha MiIPO3ALIH.
7. ABropceka posinka (IIpizBuie, iM’st Ta O 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 cHiBPO3MipHUM (!) OCHOBHOMY TEKCTY
crarTi. CKaHOBaHI PUCYHKH HE MTPUHMAaIOThCS.

®on rpadikis, miarpam — gumie 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 0aXkKaHO HE BUKOPUCTOBYBATH.

CkopoyeHi Ha3zBu (I3MYHMX BEJIMYMH B TEKCTI Ta Ha rpadikax I[03HAYAIOTHCS
JIATUHCHKUMH JIiTepaMu BiAmoBigHo 1o cucremu Cl.

B cniicky niteparypy MOBHHHI 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 aJIPecolo:
ukrfoodscience@meta.ua
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OdopMIeHHs CNUCKY JliTepaTypu

IlocuiaHHA HA CTATTIO

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

CTOpPIHKH.

Bci enemenTy micnst poKy BUAAHHS PO3AUISIOTHECS KOMAMU.
puxaagm:

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

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

IIpuxsiax ogopmiieHHS CTATTI, OPUTiHAJ AKOI YKPAIHCHKOI0 MOBOIO:

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

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

OYIHCKAX MOJICHA OAMU NEePeKIA) AH2IIUCbKOI0 MOBOIO }.

—

IHocni1aHHS HA KHUTY

ABTopu (pik), Hazea knuzu (kypcueom), Bunasaunrso, Micto.
Bci eneMeHTH TiCisA 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 YKpPaiHCBKOI0 a00 PpocilicbKO0I0

MOBOIO:

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

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

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

diialnosti pidpryiemstva, Novyi svit, Lviv.

3a bacicanns nicis mpanciimepoganoi HA36U KHUSU 6 {pieypHux OYHCKAX MONCHA

oamu nepexiad aHiiticbko MOBOI0}.
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IMocunanHs HA eJIEKTPOHHUI pecypc

BukoHyeTbCsl aHaIOTi4HO TTOCHIIAHHIO Ha KHUTY a00 crartio. [Ticis opopmieHHs
JTAaHUX 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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