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Introduction. European anchovy is a nutritive
food preferred by everybody with high omega 3
contents.

Materials and methods. Within the scope of the
study, the anchovy which was caught from different
seas in Turkey were compared in view of its lipid
quality index and amino acid (AA) profile.

Result and discussion. The amount of SFA,
MUFA and PUFA’s of the Aegean Sea (AS), Black Sea
(BS), and the Marmara Sea (MS) anchovy were 41.31,
11.18, 48.10; 32.38, 31.39, 36.24% and 32.92, 32.24,
34.82, respectively. The SFA and PUFA in the AS
anchovy were found higher than the others (p<0.05).
Similarly, the highest DHA contents were found as
29.51% in the AS anchovy (p<0.05) The oleic acid of
BS anchovy were more than 3 times of the AS anchovy.
Glutamic acid was the highest essential AAs in the
groups. The lysine, aspartic acid, alanine, glycine,
glutamic acid, 1soleucine, leucine, methionine,
phenylalanine, proline in the AS anchovy were higher
than the other groups. The histidine of the anchovies
was similar (p>0.05). The ratio of EAA with non-EAA
ofthe AS, BS and MS anchovies were found to be 1.21,
1.31 and 1.21 respectively.

Conclusion. It has been found that anchovy
contains high amounts of essential fatty acids and
EAAs. Especially the AS anchovy was higher quality
in view of EPA+DHA and total EAAs compositions.

6
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Introduction

With increasing demand for quality food throughout the world, the trend towards fish
meat has increased. Fish is a nutritive food preferred by young and old people with high
protein, mineral matter, water, and unsaturated fat content.

One of the favorite seafoods that can be caught almost all seasons in the territorial
waters of our country is the anchovy. European Anchovy (Engraulis encrasicolus Linnaeus,
1758) is a pelagic fish species which is preferred by consumers because of its price and taste.
Anchovy which is caught during fishing season (September 1- April 15). European anchovy
in Turkey is the most important species both in weight and in a value of landings. Annual
anchovy caught after the 2000 year in Turkey peaked in the 2001s at over 257000 tons but,
since then, landings gave declined, averaging 74304 tons for the last 3 years (2015-2017). In
2017, 322.173 tones fish were caught in Turkey land waters. 49% of all fish caught in our
seas were anchovy. 133.766 tons of anchovy were caught from the Black Sea and the others
were caught from the Aegean Sea > The Marmara Sea > The Mediterranean Sea. In 2017,
the average selling price of 1-kilo anchovy was 5.5TL [1].

In this study, it was investigated the fatty acids, lipid quality index and amino acid
contents of the anchovy which were caught from different seas in Turkey.

Material and methods

The study was carried out in December 2017 with the Anchovy (Engraulis encrasicolus
Linnaeus /758) caught from the Aegean Sea, Black Sea and the Marmara Sea in Turkey. For
sampling, twelve kilos fish were obtained from the fisheries at the same time from different
regions. The fish were transported to the laboratory under cold storage conditions. And then
the fish were filleted and analyzed.

Amino acid analyzes and fatty acids composition were performed after digestion
derivatization method according to HPLC pre-column [2] and IID-19 method [3],
respectively. Amino acid profiles of the anchovy were calculated as total essential amino acid
(ZEAA) including Histidine (His), Threonine (Thr), Arginine (Arg), Valine (Val),
Methionine (Met), Phenylalanine (Phe), Isoleucine (Ile), Leucine (Leu), Tyrosine (Tyr) and
Lysine (Lys); total non-essential amino acid (ENEAA) including Aspartic acid (Asp),
Glutamic acid (Glu), Serine (Ser), Glycine (Gly), Citrulline (Cit), Alanine (Ala) and Proline
(Pro); total sweet amino acids (X Sweet AA) including Glu, Ser, Gly and Ala; total bitter
amino acids (Z Bitter AA) including His, Arg, Met, Phe, Lys according to Schiffman [4] and
Boisen, et al. [5].

Lipid quality indexes of lipid (Atherogenicity index-Al, Thrombogenicity index-TI [6],
flesh lipid quality index (FLQ index [7] and hypocholesterolaemic/hypercholesterolaemic
ratio (Hh) [8] following formulas were used;

Al= [(C12:0 + (4*C14:0) + (C16:0)] / [(Zn6 + ¥ n3 + SMUFA)]
TI=[(C14:0 + C16:0 + C18:0)] / [(0.5 * >MUFA) + (0.5 * >n6) + (3 * >Xn3)/ (Zn6)]
FLQ= 100* [(EPA%+DHA%) / (Total fatty acids%)]

Hh= (C18:1n-9 + C18:2n-6 + C20:4n-6 + C18:3n-3 + C20:5n-3 + C22:5n-3 + C22:6n-3) /
(C14:0+C16:0)

All analyzes were performed in 2 replicates with 3 parallel. The data obtained at the
end of the study were evaluated with one-way ANOVA using Minitab Release 17 package
program and Tukey test was used for determination of the significance level of differences
in-groups and between groups [9]. Figures and schedules are prepared using MS Office 2010
software.
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Results and discussion

The crude protein, crude fat contents of the Aegean, Black Sea and the Marmara Sea
anchovies analyzed were 20.16+0.29, 0.74%0.01; 18.75+£0.30, 9.33+£0.75 and 18.80%0.12
2/100g — 11.7620.61 g/100g, respectively.

Fatty acids composition of European anchovy oil

The fatty acid composition results of anchovy oil caught from different seas were in
Table 1.

Table 1
Fatty acid composition of Anchovy caught from different seas (%).
Aegean Sea Black Sea Marmara Sea
Anchovy Anchovy Anchovy
Std. Std. Std.
sk Error sk Error sk Error
Butyric acid (C4:0) 8.28 0.03a 2.87 0.49b 2.89 0.19b
Caproic acid (C6:0) 0.01 0.00a 0.00 0.00b 0.00 | 0.00b
Caprylic acid (C8:0) 0.00 0.00a 0.00 0.00a 0.00 | 0.00a
Capric acid (C10:0) 0.03 0.00a 0.01 0.00a 0.04 | 0.02a
Undecanoik acid (C11:0) 0.01 0.00a 0.01 0.00a 0.01 | 0.0la
Lauric asid (C12:0) 0.13 0.00b 0.13 0.00b 0.31 0.02a
Tridecanoic acid (C13:0) 0.13 0.00b 0.11 0.00b 0.25 | 0.0la
Myristic asid C14:0 5.63 0.00b 6.07 0.02a 3.84 | 0.17¢
Penta decanoic acid C15:0 1.59 0.00b 1.84 0.04b 2.95 | 0.18a
Palmitic acid C16:0 20.24 0.74a 15.41 0.10b 14.91 | 0.8%
Heptadecanoic acid C17:0 1.89 0.01b 1.85 0.01b 2.68 | 0.16a
Stearic acid C18:0 0.01 0.00a 0.00 0.00b 0.00 | 0.00b
Arachidic acid C20:0 0.22 0.00c 0.72 0.00b 1.00 0.06a
Heneicosenoic acid C21:0 0.05 0.00¢ 0.14 0.00b 0.19 | 0.01a
Behenic asid C22:0 2.62 0.01ab 2.23 0.04b 2.80 0.20a
Tricosanoic acid C23:0 0.15 0.00b 0.27 0.00a 0.06 | 0.00c
Lignoseric acid (C24:0) 0.33 0.01c 0.71 0.01b 1.03 | 0.07a
SFA 41.31 0.80a 32.38 0.44b 32.92 | 0.16b
Mpyristoleic acid (C14:1) 0.36 0.01b 0.55 0.01b 1.40 | 0.08a
Fglltsa f)iclinlo(;c acid 0.20 0.00¢ 0.29 0.01b 0.55 | 0012
Palmitoleic acid C16:1n7 0.37 0.00c 1.72 0.0la 0.84 | 0.03b
g?gtal‘if;a?g'c acid 0.42 0.01b 1.19 0.00a 121 | 008
Oleic acid C18:1n9¢ 4.33 0.02¢ 14.81 0.16a 10.59 0.71b
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Table 1 (continue)
Aegean Sea Black Sea Marmara Sea
Anchovy Anchovy Anchovy
Mean Std. Mean Std. Mean Std.
Error Error Error
Elaidic acid (C18:1n9t) 0.22 0.01c 6.04 0.16b 8.90 0.57a
IIE;COSG“O'C acid C20:1 cis 1.73 0.01c 2.87 0.02b 354 | 0.29a
Erucic acid (C22:1n-9) 0.82 0.03¢ 1.94 0.04b 2.88 0.18a
Nervonic acid C24:1n-9 2.75 0.00a 1.99 0.00b 2.35 0.16b
MUFA 11.18 0.07b 31.39 0.27a 32.24 2.09a
Linoleadic acid C18:2n6t 0.15 0.00c 2.13 0.02b 3.77 0.27a
Linoleic acid (LA)
C18-2n6c 3.19 0.02¢ 4.12 0.02b 5.09 0.32a
Alpha-Linolenic acid
(ALA) C18:3n3 0.68 0.01b 2.10 0.0la 0.00 0.00c
Gamma-Linolenic acid
(GLA) C18:3n6 1.07 0.02¢ 2.78 0.01b 3.68 0.25a
Eicosadienoic acid C20:2 0.67 0.00b 0.88 0.00b 139 | 0.10a
cis 11.14
Arachidonic acid C20:4n6 2.62 0.01ab 2.23 0.04b 2.80 0.20a
Eicosatrienoic acid
C20-3n6 cis-8.11.14 0.00 0.00c 1.12 0.01b 1.34 0.09a
Eicosatrienoic acid
C20-303 cis-11.14.17 0.00 0.00a 0.00 0.00a 0.00 0.00a
Docosapentaenoic acid
(DPA) (C22:5n3) cis- 0.00 0.00a 0.00 0.00a 0.00 0.00a
7.10.13.16.19
Eicosapentanoic acid (EPA)
C20:503 cis 5.8.11.14.17 10.08 0.09a 8.34 0.02a 4.37 4.37a
Docosadienoic acid
222 cis13.16 0.15 0.00b 0.27 0.00a 0.30 0.02a
Docosahexanoic acid
(DHA) C22:6n-3 cis- 29.51 0.42a 12.26 0.08b 12.11 0.88b
.7.10.13.16.19
PUFA 48.10 0.27a 36.24 0.17b 34.82 2.26b
n-3 40.27 0.33a 22.70 0.09b 16.48 3.49b
n-6 5.96 0.04c 9.60 0.08b 12.98 0.86a
TOTAL 100.58 0.59a 100.01 0.00a 99.98 0.00a
Undefinied -0.58 0.59a -0.01 0.00a 0.03 0.00a
n-3/n-6 6.76 2.37 1.29

Means with different lowercase letters in the same line are significantly different (p<0.05) from groups.
p<0.05
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Figure 1. The total fatty acids composition of anchovy (%).

The amount of SFA (saturated fatty acids), MUFA (monounsaturated fatty acids) and
PUFA (polyunsaturated fatty acids) of anchovy was max. 41.31% (in the Aegean Sea
anchovy), max. 32.24% (in the Marmara Sea anchovy) and max. 48.10% (in the Aegean Sea
anchovy), respectively (Figure 1). A large amount of SFA content is composed of palmitic
acid (max 20.24% in the Aegean Sea anchovy), butyric acid (max 8.28% in the Aegean Sea
anchovy), myristic acid (max 6.07% in Black Sea anchovy) and behenic acid (max 2.80% in
the Marmara Sea anchovy). While about 47% of the MUFAs composed of oleic acid in Black
Sea anchovy. The predominant n3 fatty acids found in fish meat is especially DHA. Similarly,
present study; Ozden [10] and Kocatepe and Turan [11] were reported the predominant SFA,
MUFA, and PUFA’s in the Marmara Sea anchovy were; palmitic acid, oleic acid, and EPA-
DHA, respectively.

Fish fats contain 20-30% of saturated fatty acids, 70-80% of unsaturated fatty acids [12,
13]. In the present study the fatty acids content of anchovies was compared, it was seen that
the amount of SFA, MUFA and PUFA were changed between 32% - 42%, 11% - 33% and
34% - 49%. respectively.

The SFA contents of the Aegean Sea anchovy was highest (p>0.05). Researchers
reported the different SFA ratios were 40.77% [14] in the Marmara Sea anchovy; 38.62,
35.20 and 33.57% in November, December and January in the Black Sea anchovy[15], 37.91
to 34.04% (from October to April) in the Black Sea anchovy [16]; 42.2% in the Black sea
and the Marmara Sea [17], 36.23% in the Marmara Sea anchovy [10] and 37.81% [18].

Most of the n-6 fatty acids form was linoleic acid and arachidonic acid in all groups.
The n-3/n-6 ratio is the best index for comparing relative nutritional values of fish oils from

10 ——Ukrainian Journal of Food Science. 2019. Volume 7. Issue 1
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different species [19]. In the study, the maximum n-3/n-6 proportional value was determined
as 6.76 in the Aegean Sea anchovy, 2.37 in Black sea anchovy and 1.29 in the Marmara Sea
anchovy, respectively.

The minimum value of the PUFA/SFA ratio recommended is 0.45 [20]. PUFA/SFA
ratio of anchovy was higher than the limit value in all groups (Table 2).

Table 2
PUFA/SFA ratio, lipid quality indices, crude lipid and EPA+DHA value (to meet the EPA and
DHA recommendation) of whiting meat and roe (%).

Aegean Sea Black Sea Marmara Sea
Anchovy Anchovy Anchovy
PUFA/SFA 1.17 1.13 1.06
Al 0.75 0.62 0.49
TI 0.19 0.24 0.26
FLQ 39.37 16.48 19.01
h/H 1.98 2.51 2.81
Crude lipid% 0.74 11.76 9.33
EPA+DHA 0.29 2.42 1.54

Flesh Lipid Quality Indices (FLQ) indicate the global dietetic quality of lipids and their
potential effects on the development of coronary disease [21]. The FLQ values of the Aegean
Sea anchovy was highest. Al and IT indexes should be low to prevent cardiovascular diseases
related with lipid intake [6] and the high value of h/H ratio represents high-quality lipids. In
this study, Al and IT indexes were measured to be lower than 1.0 but high in h/H in all groups.
Ouraji et al. [22] and Stancheva ef al. [23] determined that higher values of Al and IT (>1.0)
are detrimental to human health. Especially the h/H ratio of the Marmara Sea anchovy was
higher than the others. It was showed that the lipids quality of the Aegean Sea anchovy had
the highest quality in view of the lipid quality.

The ratio of n-3/n-6 fatty acid is commonly used as an index for assessing the nutritional
quality of fishery products [24]. The ratio of n-3/n-6 of the Aegean Sea anchovy was the
highest (6.76). The maximum amount of n3 and n6 were detected in the Aegean Sea anchovy
and the Marmara Sea anchovy, respectively. Several studies report that a high n-6/n-3 FA
ratio is associated with an increased risk of CRC (colorectal cancer), PC (Pancreatic cancer)
and BC (breast cancer). Since a risk associated with n-6 has not been demonstrated, it can be
concluded that a low n-3 PUFA intake is responsible for the observation [25]. The difference
in the fatty and fatty acid composition of seafood depends on different factors such as
nutritional pattern, geographical conditions. environmental temperature, season, hunting
area, fish size, sex and species [13, 26].

For adult pregnant and lactating females, the minimum intake for optimal adult health
and fetal and infant development is 0.3 g/d EPA+DHA, of which at least 0.2 g/d should be
DHA [25]. Similarly, the British Nutrition Foundation [27] has emphasized that people who
care for balanced and healthy nutrition should get 0.2 g of EPA + DHA every day. Daily
intake of 100 g anchovy consumption (caught from all sea studied in this study) is meet the
EPA + DHA requirement. This study was indicating that the very oily Black sea anchovy has
more EPA+DHA than the others. Especially the crude fat value of the Aegean Sea anchovy
was very low, for this reason to meet the EPA and DHA recommendation was lowest
according to the BNF.
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Amino acids composition of European anchovy

The results of the amino acid compositions of the anchovies caught from different seas
were shown in Table 3. Total nine essential amino acids except from tryptophan and nine
non- essential amino acids were identified in the anchovy. The maximum amount of glutamic
acid detected in the Aegean Sea anchovy (p<0.05). The content of aspartic acid in the Black
Sea and the Marmara Sea anchovies were found to be similar (p>0.05).

The highest amount of essential amino acids was detected for lysine in all groups. The
amount of lysine was lowest in the Marmara Sea anchovy. The ratio of essential amino acids
to non-essential amino acids (EA/non-EA) in fish meat was found to be 1.21 in the Aegean

and Marmara Sea anchovy and 1.31 in Black Sea anchovy.

Amino acid composition of anchovy caught from different Sea (mg/kg).

Table 3

Aegean Sea Black Sea Marmara Sea
Anchovy Anchovy Anchovy
Mean Std. | Mean Std. Mean Std.
Error Error Error

Alanine 1.68 0.02a 1.35 0.04b 1.24 0.01b
Arginine* 1.53 0.01a 1.37 0.05a 1.17 0.02b
Aspartic Acid 2.39 0.07a 1.88 0.03b 1.85 0.04b
Cysteine 0.32 0.00a | 0.31 0.01a 0.24 0.00b
Glutamic Acid 3.35 0.04a | 2.92 0.02b 2.47 0.02¢
Glycine 1.05 0.0la | 0.59 0.01b 0.83 0.03¢
Histidine* 1.11 0.0la | 0.93 0.09a 0.83 0.06a
Isoleucine* 0.93 0.02a | 0.78 0.02b 0.70 0.03b
Leucine* 1.88 0.01a 1.56 0.05b 1.43 0.00b
Lysine* 2.95 0.15a | 2.80 | 0.12ab | 2.24 0.04b
Methionine* 0.80 0.03a | 0.58 0.01b 0.62 0.02b
Ornithine 0.06 0.0la | 0.07 0.01s 0.06 0.01a
Phenylalanine* 1.16 0.00a | 0.98 0.02b 0.91 0.00c
Proline 0.99 0.0la | 0.81 0.00b 0.77 0.01b
Serine 1.19 0.03a 1.03 0.07s 0.94 0.06a
Threonine* 1.27 0.04a 1.13 | 0.06sb | 0.97 0.00b
Tyrosine 0.93 0.04a | 0.76 0.04s 0.75 0.03a
Valine* 1.30 0.03a 1.31 0.02s 1.03 0.01b
Taurine 0.38 0.02a | 0.32 0.00s 0.35 0.01a
Total amino acids 25.26 0.31a | 21.46 | 0.25b 19.39 0.15¢
Total Essential amino acids 13.86 | 0.15a | 12.18 | 0.14b | 10.64 0.14c¢
(EA)
Total non-essential amino 11.41 0.15a 9.27 0.11b 8.75 0.01b
acids(NEA)
Sweet amino acids 7.28 0.10a 5.88 0.07b 5.48 0.02b
Bitter amino acids 7.55 0.13a 6.66 0.18b 5.76 0.12¢
EA/NEA 1.21 1.31 1.21
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Fish meat is a protein source with high nutritive value. In fish meat containing all essential
amino acid as aspartic acid. glutamic acid and lysine [28]; aspartic acid and glutamic acid are
important amino acids that play a role in enzyme activation, preservation of the solubility and
ionic character of proteins. One of the most important sources (50-85%) of non-protein nitrogen
in fish meat is free amino acids. Free amino acids give the fish meat a characteristic taste.

The level of total sweet AA components was higher in the Aegean Sea anchovy (p<0.05)
than the other anchovies, total bitter AA was also higher than when compared the other groups.
Proteins are composed of 20 different amino acids. Most proteins contain glutamate in high
content. For example, glutamate contents of casein in milk, gluten in wheat, glycine in soybean,
and myosin in muscle are 21-35%. Although free glutamate has umami taste, glutamate in
proteins has no taste. Proteolysis during fermentation produces free glutamate in high content [29].
Umami taste is found in foods rich in glutamates such as fish, meat, milk, tomatoes, and some
vegetables. In addition, the umami flavor is enriched with certain ribonucleotides (inosine and
guanosine nucleotides) found in some meats and fish [29-31]. Foods rich in glutamate content,
when combined with ribonucleotides, have a higher taste intensity than the sum of both contents
[30, 31]. An important component of umami taste is glutamic acid. Glutamate is an amino acid
that is very common in foods [32]. The glutamic acid contents of the Aegean Sea anchovy were
highest. It can be said that; the umami taste of the Aegean Sea anchovy is more dominant.

The World Health Organization's [33] on protein and amino acid requirements for human
nutrition reports an adult daily protein intake of 0.83g/kg, with essential amino acids; leucine 59
mg/g, lysine 45 mg/g, isoleucine 30 mg/g, threonine 23 mg/g and methionine 16 mg/g. In the
present study, about 80 g anchovy meat daily consumption meets the leucine, lysine, 1soleucine,
threonine and methionine requirements. In addition, 320 g anchovy consumption enough for daily
protein requirements (Table 4).

Table 4
Anchovy amounts to meet the recommended daily intake (g).

Recommended Aegean Sea Black Sea Sea | Marmara Sea

Daily Intake* Anchovy Anchovy Anchovy
Protein 60 g ** 291¢g 319g 320g
Leucine 59 mg/g 64.5g 77.7g 71.3¢g
Lysine 45 mg/g 31.05g 37.8g 30.2g
Isoleucine 30 mg/g 66.3g 80.7g 72.4g
Threonine 23 mg/g 37.3¢g 44.5g 38.2¢g
Methionine 16 mg/g 41.1g 48.6 51.7g

Conclusion

Fatty acid and amino acid composition of anchovy caught from different seas in Turkey are
different from each other. In generally the European anchovy is a good source of n-3 PUFA.
Especially the maximum amount of n3 and n6 have detected in the Aegean Sea anchovy and the
lipids quality of the Aegean Sea anchovy had the highest quality in view of the lipid quality index.
But the crude lipid composition of Black Sea anchovy was highest, for this reason, Black sea
anchovy has more EPA+DHA than the others. Especially the crude fat value of the Aegean Sea
anchovy was very low, and to meet the EPA and DHA recommendation was lowest according to
the BNF. The amino acid composition of anchovies was different from each other, about 80 g
European anchovy meet the daily consumption requirements of the leucine, lysine, 1soleucine,
threonine, and methionine.
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Introduction. Histological examination of trunctated semi-
finished products including poultry meat and sprouted lentil flour
was performed in order to determine ingredients of formula and
their characteristics for further identification of these components.

Materials and methods. In order to perform histological
examination proper samples of trunctated semi-finished products
were fixed in 10% neutral buffered formalin. Subsequently
material was dehumidified in series of alcohol solutions with
ascendent concentration 70, 80, 90, 96°, condensed in two portion
of chloroforme and embedded in paraffin. Slices with thickness
of from 5 to 15 um were prepared using  sliding microtome;
thereafter they were stained with hematoxylin and eosin. Light
microscopy and microphotographing were performed using
microscope.

Results and discussion. During the soaking of lentils for
germination, the initial humidity was 15%, and after 8 hours it
reached a degree of soaking 35%, which affects the processes of
growth and metabolism of the grain, formation of enzymes. To
minimize the loss of nutrients during germination, control of the
duration of germination and germination temperature is
performed; on average it lasts from 72 to 88 hours at a
temperature of 17£2 °C.

A histological study of the investigated trunctated semi-
finished products showed polygonal and round muscular fibers
with pronounced nuclei under sarcolemma, which corresponds to
highquality meat raw material, it means that chilled meat is used.
Adding to the products of sprouted lentil flour leads to an
improvement in the degree of swelling of fibers and more active
accumulation of particles of minced meat finely-grainular protein
mass, which improves the conditions for the formation of
products and their structure. Cells of lentil seedcoat are stained in
pink color, forming dense translucent structures that are similar to
cell lines with a noticeable violet colored cellulose shell. The
mincemeat is even and homogeneous, the components are well
mixed, resulting in loosening of the fibers.

Conclusions. The method of obtaining flour of germinated
lentils has been characterized and the components of truncated
semi-finished products has been identified. Sprouted lentil flour

look like purple lines of cells, cells of pepper and onion
have brown colour.
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Introduction

In the era of modern technologies in manufacturing of truncated semi-finished products,
the adaptation of recipes using meat and vegetable raw materials is important. [1] Most food
producers refuse to manufacture products in accordance with State standards, but develop
and approve their assortment in accordance with the specifications of requirement [2]. Lack
of supply of farm animals meat and the import of frozen meat prompts the development of
technologies for truncated semi-finished products with a combined composition of meat and
vegetable raw materials [3].

Literature review

Current issues of the present remain the use of poultry meat as sources of valuable
protein and in comparison with other types of meat, less valuable raw materials. There are
known technologies of production of truncated semi-finished products with poultry meat
mechanical deboning. It also receives protein-mineral nutritional supplements that are used
in cooking potatoes and schnitzels [4,5].

The composition of the recipes of many meat products includes soy. The content of
protein in soybean seeds, which yields soy flour, ranges from 30 to 45% on average.
However, there is a lot of information on the harm to human health of genetically modified
organisms, which include soy [6, 7, 8, 9].

An alternative to soya is lentil. By its content, lentil protein is also ahead of peas and
beans. Protein lentils, like other leguminous cultures, is rich in the most important essential
amino acids that are necessary for the human body, lysine, tryptophan, valine, arginine, and
others. In almost all grain legumes contain various anti-nutrients (enzyme inhibitors, in
particular trypsin, alkaloids, etc.). Most of these substances have protein origin, they can be
inactivated by thermal treatment [10].

It should also be noted that during heat treatment the beneficial properties of lentils are
completely preserved. In addition to high protein content (25 ... 50%), different varieties of
lentils contain about 50% of carbohydrates, 2-4% of minerals, 1-3% of fat. In comparison
with lentil, soya contains up to 26% fat. It should be emphasized that lentil is a source of
vitamins B (thiamine, riboflavin, niacin), B-carotene, minerals such as sodium, potassium,
calcium, magnesium, phosphorus, iron, amino acids and protein which are easily digestible
by the human body [11].

The use of lentil flour in combination with meat makes it possible to form a stable
system that can withstand weakly bound water and fat during heat treatment, and thus obtain
the finished products of a dense and elastic consistency [12].

The use of plant material in the production of meat semi-finished products does not
require additional complex processes, ensures compliance with traditional technological
schemes of production and cheapening finished products [13].

As a result, the quality control of meat products remains topical. In order to detect
various components that are part of meat products, methods of histological analysis are
widely used [14,15]. These methods are based on the microstructure and chemical properties
of the components. This allows using a special differential coloring to detect all components
of the recipe during a microscopic study [16, 17].

Abdel Hafeez H.H., Zaki R.S. Abd El-Magiud DS have done a research or the purpose
of revealing the components that are included in the recipes of meat products by means of
histological analysis. They found that in the composition of many sausages and chops used
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for hot dogs and hamburgers is also place for meat with a large amount of connective tissue,
tendons, byproducts, soy and other vegetable raw materials [18].

R. Latorre, J. Sadeghinezhad, B. Hajimohammadi, F. Izadi, M.T. Sheibani during
histological studies found components of the meat products not mentioned on the marking,
namely, connective tissue and fat tissue, stomach and cartilage tissues [19].

In the writings of Guelmamene R. Bennoune O. Elgroud R. special attention is paid to
the histological study of meat and meat products with the discovery of their mechanical
deboned meat, twice frozen meat, and the presence of meat with signs of damage. This allows
us to conclude that the effectiveness of using this method is not only to identify signs of
falsification, but also to confirm the quality and safety of the product [20].

On the basis of morphological peculiarities of structures, it is possible to quantify the
available components in truncated semifinished products. This prevents possible falsification
of these products [21].

When conducting research, important attention should be paid to the peculiarities of the
technological process of truncated semifinished products, as the technological process
consists of the preparation of raw materials, preparation of minced meat. All components are
weighed or dispensed with dispensers. Weighed raw materials and spices are loaded into a
continuous-action mixer or continuous-action aggregates, in which the minced meat is
prepared, and stirred for 4 to 6 minutes, cutlery machines are used for the formation of
semifinished products [22]. Then they carry out packaging, marking and storage of finished
products. Therefore, working with biological tissues in food products has certain specifics
compared with native tissues, because in this case the material is subject to research after
mechanical, thermal and other treatments [22].

The scientific value of the research results is the identification of quality meat, lentil
flour, spices in chops by the histological method, which is effective for qualitative and
quantitative analysis of minced meat and the detection of possible falsification of the data of
the recipe components.

The aim of the work is to determine the microstructure of the branched semi-finished
products, to identify the individual components of the recipe, give their characteristics for
further identification of these components.

The main task is to characterize the method of obtaining flour sprouted lentils; identify
the components of cut semi-finished products.

Materials and methods
Materials

Recipes have been developed for researches of semi-finished products, namely, chops,
which are chilled or frozen semi-finished product containing meat raw materials in
accordance with a recipe of not less than 50%, an oval, oval-flattened form having a mass of
50 g to 100 g in breadcrumbs.

In the recipe of the half-finished semifinished products, beef meat was replaced by pork
meat, goose, chicken, wheat flour bread on lentil flour, and instead of breading with wheat
breads, corn grits were used. From the experimental recipes, melange and unsalted fat have
not been removed. Number of onions has been increased from 2 to 4 kg per 100 kg, in order
to improve the organoleptic characteristics of semifinished products. The amount of added
salt and black pepper has not changed.

18 ——Ukrainian Journal of Food Science. 2019. Volume 7. Issue 1



Food Technology ——

Chops with the recipes of which include first-class beef, semi-lean pork, wheat flour
bread, wheat bread for panning have been taken for a control sample . Preparation of semi-
finished products is carried out in accordance with the general technology.

Getting lentil flour

Getting the flour of germinated lentils is to wash the grains with running water, soaking
the grains in a water reservoir at a temperature of 18 £ 2 [IC for 8 hours, re-washing,
sprouting lentil grains in a reservoir without water at a temperature of 17 + 2 ° C for 3 days
to the length of the 1 cm steer, drying the raw material to a moisture content of 16% and
chopping up to a particle size of 0.2 mm - 0.4 mm. The size of the particles of the flour is
determined by sifting it through a sieve with a passage of 0.2 mm to 0.4 mm grating openings
[12].

The moisture content of lentils was determined using the SuperPoint grain moisture
meter, which is used for rapid analysis of grain moisture in laboratory and field conditions.
To measure the grain humidity, the appliance is switched on, the name of the scale of the
corresponding measuring crop or product is selected on the LCD screen, the necessary sample
is selected, which falls into the device, the pressure cover of the pressurizes to the level until
the pressure indicator is set to the level with the upper surface of the lid. After tightening the
button "TEST" is pressed and after 10 seconds the result of the measurements of humidity
in% is received. Measurement is carried out with an accuracy of 0.5% with a range of
humidity measurement from 8 to 45%.

Research methodology

For histological examination in samples with uniform distribution of components,
fragments from different sites were taken - a cube or a plate 1-1.5 cm thick was cut out.
Prepared samples of the chops were fixed in a 10% neutral solution of formalin. For this
purpose, an ordinary method of making slices is used, which begins with the fixation of the
material. All investigated semi-finished products were fixed for 24-48 hours at room
temperature (15-20 ° C) in a 10% solution of formalin. After a certain period of time, the
material was taken out of formalin, washed with running water, dehydrated, using the
traditional method using alcohols of ascending concentration [14,16].

The next step was paraffin filling. After that, the fixed material was dehydrated in a
number of solutions of alcohol at concentrations of 70, 80, 90, 96 °, densified in two portions
of chloroform and poured into paraffin. Depending on the type of meat product, the filling
time of the material may be different. The production of paraffin blocks from semi-finished
products lasted up to 48 hours [14,16].

After receiving paraffin blocks, the histological sections were made on the slegde the
microtome, from 5 microns to 15 microns thick, they were fixed on a specimen glass and
stained with hematoxylin and eosin for 10 to 15 minutes. Light microscopy and
microphotography of histoparticles were performed using an OLYMPUS CX 41 microscope
and a OLYMPUS C-5050 camera [14,16].
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Results and discussion
Characteristics of lentil during germination and flour production

Since lentil contains oligosaccharides and high-polymeric protein structures that affect
the digestion and absorption of the product, their negative effects can be reduced by
germination. When lentils are soaked, water penetrates into the embryo of the grain, and then
through the side shells in the grain. Water absorption capacity depends on the duration of
soaking, temperature, grain size.

During the soaking of lentils, absorption of moisture does not occur exactly as the rapid
and even moisture of the floury body, as the distribution of water is uneven. The initial
moisture content of lentils was 15%, and after 8 hours it reached a degree of soaking 35%,
which affects the processes of growth and metabolism in the grain, as well as the formation
of enzymes. Excessive water absorption of the grain leads to the death of the embryo.

To minimize the loss of nutrients during germination, the duration of germination and
germination temperature must be contolled, which is 17 + 2 ° C. The duration of germination
is achieved when the length of the sprout reaches 1 cm, which on average lasts from 72 hours
to 88 hours. According to the scientific literature [23], under such conditions, the maximum
accumulation of extractives is up to 29.9 mg / 100, the maximum yield of sprouted grains of
lentils at given technological parameters is 92%, and the loss of germinated sprouts is
reduced.

The germination is completed by removing drying water, which prevents further growth
of the embryonic roots. As a result of heat exposure during drying, most embryos die, so
drying was carried out in the dryer at a temperature not exceeding 30 ° C. Simultaneously
with the termination of germination, the dissolution ends and further processes of splitting
cease.

The grinding of lentil grain was carried out using laboratory mills LMT 2, OS 124,
where all the components of the grain are ground evenly to obtain a homogeneous mixture.
The size of the flour particles passing through sieve is 0.2 mm - 0.4 mm. When adding lentil
flour to the minced meat, its interaction with water and hydration occurs, swelling and
peptization of high-molecular organic compounds of flour occurs too. By absorbing water
osmotically, the protein molecule of flour is significantly increased in volume. During the
addition of minced meat as a result of the mechanical action, the swollen particles of proteins
stick together and form a structure that provides minerals of plasticity.

Histological studies of truncated semi-finished products

The histological study of experimental samples revealed polygonal and round muscular
fibers with pronounced sarcoma nuclei. This is due to the fact that meat raw materials are of
high quality, obtained from chilled meat (Figure 1). Compared with the data of
Sadeghinezhad J., in which the histological method was mainly used to detect fresh and
defrosted pork meat, ice crystals and changes in muscle fiber were not detected in
experimental samples of the chops [24].
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Figure 1. Chops control sample
(Hematoxylin and eosin, Eyepiece 10, lens 20 x 100)

Hajimohammadi B, Izadi F found animal and vegetable components, namely, transverse
sections of the striped skeleton, dense connective tissue and smooth stomach muscles,
cotyledonous soybean cells, soy extrudate in the studies of minced meat [25]. In contrast,
experimental samples are made without the use of soy, and beef meat is replaced by poultry
meat.

The conformity of components of the recipe of their composition is established.In the
control sample, oval cells of adipose tissue (1), visible onions, black pepper, painted in brown
(2) are observed.

Figure 2. Chops control sample
(Hematoxylin and eosin, Eyepiece 10, lens 20 x 100)
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The recipe of the control sample includes bread made from wheat flour, shown in Figure
2 with brown fibers (shown with arrows).

Cells shell flour lentils are painted in pink color, forming dense translucent structures
that resemble a thread of cells with a noticeable purple shell of cellulose. Picture 3 shows the
arrows.

Figure 3. Chops sample with the usage of lentil flour sprouted
(Hematoxylin and eosin, Eyepiece 10, lens 20 x 100)

Meat products with the usage of soy flour are identified as a group of cells with a
pronounced eosinophilic cytoplasm, and the cells themselves are separated by non-painted
layers of cellulose (Figure 4) [14].

Figure 4. Sample of meat products using soy flour (Hematoxylin and eosin, ocular 10, lens 40 x
50) [14]
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Jahed-Khaniki GR was involved in the identification of frozen raw materials and
soybeans in hamburgers by the histological method [26]. In contrast to these studies, the
difference between the cells of lentil flour in experimental chops and soy flour cells is in the
size, shape and number of constituents of soy flour cells. This is due to the fact that the
accumulation of its cells can count cells as the same type, and with different morphological
structure (rounded, oval-cylindrical).

Adding to the products of lentil flour, germinated, leads to an improvement in the degree
of swelling of fibers and more active accumulation of fine particles of fine-grained protein
mass, which improves the conditions for the formation of products and their structure
(Figures 5-6).

Figure 5. Sample number 2 using flour sprouted lentil, added in the amount of 10 kg per 100 kg
(Hematoxylin and eosin, Eyepiece 10, lens 20 x 100)

There is the inclusion of particles of lentil flour in all new experimental samples of the
chops. Minced meat structure is even and homogeneous, the components are well mixed,
resulting in loosening of the fibers.Unlike research on hamburgers, Abbasy-Fasarani M,
containing 30 and 60% of meat [27], experimental samples of the chops are produced without
deviations from the recipe. Histological studies confirm the meat content of the product not
less than 50%.
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\\\\

Figure 6. Sample number 3 using flour of germinated lentils added in the amount of 12 kg per
100 kg
(Hematoxylin and eosin, Eyepiece 10, lens 20 x 100)

Figure 6 shows the fraction of the test sample with the presence of acute muscle
fibers, mesh cells of adipose tissue, brown colored cells, confirming the presence of black
pepper. This is due to the use of poultry meat, semi-fat pork and lentil flour in a recipe
amounting to 12 kg per 100 kg of raw meat material.

Conclusion

1. Lentil sprouting provides a reduction in the negative effects of oligosaccharides and high-
polymer protein structures on the digestion and assimilation of the product. The
germination time is from 72 to 88 hours.

2. During the histological studies, it was established that the amount of meat in the
experimental samples of truncated semifinished products (cjops) is not less than 50%.
The ingredients of the recipe are evenly mixed, the lentil flour of germinated has the form
of filament of purple-colored cells, pepper and onion seeds are painted in brown color.
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Introduction. Curcumin, demethoxycurcumin and
bisdemethoxycurcumin collectively constitute curcuminoids,
exhibit different rates of degradation as well as therapeutic
properties. Their remarkable dissimilar behaviour is affiliated to
their tendency to undergo keto-enol tautomerism whereas their rates
of degrading and imparting therapeutic properties depend on the
ratio of keto and enol tautomers of individual curcuminoid.

Materials and Methods. The aim of the current review is to
focus on the ratio of keto and enol tautomers and to explain how the
ratio of the two tautomers affects the rate of activities of the
curcuminoids. The papers regarding variations in the rate of
activities of curcuminoids were scrutinized. The factors affecting
the ratio of keto-enol tautomerism were studied.

Results and discussion. Structurally, curcuminoids are the
compounds possessing B-diketone moiety. The characteristic
property of compounds containing B-diketone moiety is to exhibit
keto-enol tautomerism. Hence, each curcuminoid is a mixture of
keto and enol tautomers. The keto tautomer of curcumioids is
responsible for their therapeutic activities. On the other hand, enol
tautomer of curcuminods has tendency to undergo degradation.
Hence, the ratio of keto and enol tautomer needs to be considered
while studying the activities of curcuminoids.

Nevertheless, the ratio of keto and enol tautomer depends on
the existence of other functional groups. Because of the presence of
electron donating hydroxyl group, the proportion of enol tautomer
predominates in curcuminoids. Further, due to the presence of two
more electron donating methoxy groups in curcumin, the ratio of
the enol tautomer is higher and hence, the susceptibility to undergo
degradation is greater than demethoxycurcumin, which contains
only one methoxy group. The ratio of the enol tautomer is minimum
in bisdemethoxycurcumin amongst all the curcuminoids, which is
devoid of methoxy group. Consequently, bisdemethoxycurcumin
has the least rate of degradation amongst curcuminoids. Methoxy
group enhances the activity of the functional sites in curcuminoids
in keto form. Therefore, curcumin shows maximum beneficial
activities in keto form amongst all the curcuminoids, followed by
demethoxycurcumin and bisdemthoxycurcumin. Thus, the rate of
the activities displayed by curcuminoids is governed by their keto
and enol proportion.

Conclusion. It can be concluded from this review article
that besides p-diketone moiety, responsible for keto-enol
tautomerism, other groups also play an important role in
determining the ratio of keto and enol tautomers.
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Introduction

Turmeric (Curcuma longa L.) is one of the herbs, which is extensively used as a spice.
It is mainly cultivated for its rhizome. Curcumin, demethoxycurcumin and
bisdemethoxycurcumin constitute curcuminoids, which are the polyphenolic compounds
present in the turmeric rhizome [1]. The composition of curcuminoids was found to be
curcumin 60-80%, demethoxycurcumin 15-30%, bisdemethoxycurcumin 2-6% [2].
Curcuminoids are the natural colouring agents used in food industry. The three curcuminoids
are proven to have various therapeutic properties such as antioxidant [3], anti-inflammatory,
wound healing [4, 5], anticancer [6, 7] and anti-depressant [8, 9]. They are used to prevent
Alzheimer's disease [10].

However, the overall activity of the mixture of curcuminoids is attributed to the three
individual curcuminoids and each shows a different rate of activity [10]. The three
curcuminoids display different rates of degradation as well [11]. In this review, our main
focus is to evaluate the root cause of the different rates of activities of each curcuminoid.

Materials and methods

Phenolic hydroxyl groups and the heptadienone moiety are responsible for the
beneficial activities of curcuminoids. The dienone moiety is accountable for keto-enol
tautomerism. The enol tautomer is liable to degradation. The difference in the keto-enol ratio
of each curcuminoid is the key parameter for the different rates of beneficial activities as well
as degradation shown by curcuminoids. The ratio of keto-enol tautomers is influenced by the
other groups present on phenolic rings. The objective of our study is to show how the overall
structure of each curcuminoid contributes to the keto-enol ratio and hence, the rate of activity.

Review is constructed on the basis of previously available research articles.

Results and discussion
Proportion of keto and enol tautomers of curcuminoids

The curcuminoids exhibit keto-enol tautomerism, structures (1) and (2) (Figure 1), a
typical property of the compound having p-diketone moiety [12]. The enol tautomer is
certainly more stable than keto tautomer due to resonance of conjugated pi system and
intramolecular hydrogen bonding [13]. Also, since they possess electron donating hydroxyl
group in the aromatic ring and electron withdrawing carbonyl group in heptadienone moiety,
structures (3) and (4) can be drawn respectively. The existence of structures (3) and (4) has
already been proven by NMR data [ 14]. Structures 3 and 4 resemble the enol tautomer (Figure

1.
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(6] OH
Ol
OH
1 2
Keto Enol
(1) Tautomerism due to B-diketone moiety
0O OH o 0
R1 O N P = O R2 R1 Z R2
-
n
HO OH (‘)/ OH
H
2 3
Enol Zwitterion

(i1) Formation of zwitterion (3) due to hydroxyl group

1 4
Keto Zwitterion

(ii1) Formation of zwitterion (4) due to carbonyl group

Figure 1. Tautomerism of curcuminoids:
(i) R1 =R2 =-OCHj3; Curcumin
(i) R1 = -OCHs, R2 = -H; Demethoxycurcumin
(iii) R1 = R2 = -H; Bisdemethoxycurcumin

Thus, it can be represented as,
Keto ——<—— Enol

Moreover, due to the presence of two additional electron donating methoxy groups in
curcumin, the proportion of enol tautomer is maximum amongst all the curcuminoids. In case
of demethoxycurcumin, which contains only one additional electron donating methoxy
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group, the proportion of enol tautomer is higher compared to bisdemethoxycurcumin which
is devoid of additional electron donating group. Thus, the different ratios of keto and enol
tautomers of the curcuminoids are dependent on the number of the methoxy groups present.
Even though the electron donating group prefers the enol tautomer, it does not shift the
equilibrium completely to the enol form [15].

Based on the above discussions, we are proposing the following resonating structures
of demethoxycurcumin and curcumin (Figure 2).

0O O
.

/O\ o } O
HO OH
5
Zwitterion

(1) Formation of zwitterion (5) in demethoxycurcumin

N 0 0 (6] (6] .
O X = 0 _0 X NS 0
S
HO OH HO OH
6 7
Zwitterion Zwitterion

(i1) Formation of zwitterions (6) and (7) in curcumin

Figure 2. Formation of zwitterions due to methoxy groups

Because of the presence of a single methoxy group in demethoxycurcumin, an
additional resonating structure (5) is formed, which resembles the enol tautomer. Hence, the
proportion of enolic form of demethoxycurcumin is higher than bisdemethoxycurcumin.
Similar explanation can be given for the maximum enolic content of curcumin amongst
curcuminoids, which contains two methoxy groups thereby forming two additional
resonating structures (6 and 7).

Effect of different ratios of keto-enol tautomers of curcuminoids on their
individual rate of activity

Under alkaline and non-polar medium, since the enol tautomer of curcuminoids
undergoes degradation [16, 17], curcumin degrades at the highest rate followed by
demethoxycurcumin and bisdemethoxycurcumin. The beneficial effects of all the
curcuminoids can only be achieved when they do not undergo degradation, i.e., when the
activity of keto tautomer predominates that of enol in acidic or polar medium. Though the
proportion of keto tautomer is same in all the three curcuminoids, they differ in the rate of
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activity depending on the number of methoxy groups present in them. Methoxy group, being
an electron donating group, increases electron density on hydroxyl groups and diketone
moiety, which are the functional sites of the curcuminoids [18]. Hence, the rate of activities
associated with hydroxyl groups and diketone moiety also enhances due to presence of
methoxy group. As curcumin has two methoxy groups, the rate of activities linked with
hydroxyl group and diketone moiety is higher than demethoxycurcumin, which contains only
one methoxy group. Bisdemethoxycurcumin does not contain a methoxy group, hence shows
the least rate of activities amongst all the curcuminoids.

Exclusive activity of curcuminoids as keto or enol tautomer depending on the
medium

Both, keto and enol tautomers of curcuminoids are present in varied ratio in any
medium. Nevertheless, the equilibrium ratio of the two tautomers in a medium is constant.
The activity of one tautomer leads the other depending on the polarity of the medium [19]. If
any one of the keto or enol tautomers is removed, more of the same tautomer will be formed
to retain the equilibrium. Hence, in an acidic or polar medium, when the activity of keto
tautomer of any of the curcuminoids predominates, the keto tautomer gets utilized thereby
decreasing its quantity; the enol tautomer gets converted to the keto tautomer to maintain the
equilibrium. Hence, the molecule as a whole displays the activity of keto tautomer.

Likewise, in basic or non-polar medium, when the enol tautomer takes up the
activity, the keto tautomer gets converted to enol tautomer and the molecule gets degraded.

Conclusion

The two factors that influence the activity of curcuminoids are medium and structure.
The mode of activity of curcuminoids (viz. keto or enol) is determined by the nature of the
medium while the rate of activity of curcuminoids is determined by the structure. Though the
B-diketone moiety present in the three curcuminoids is responsible for keto-enol tautomerism
of the curcuminoids, the equilibrium shift towards enol tautomer depends on the other groups
present in the molecule. Hence, the variation in the amount of keto and enol tautomers of the
three curcuminoids is observed. The rate of activity of keto tautomer and the proportion of
enol tautomer are directly dependent on the number of methoxy groups present. The number
of methoxy groups is in the order of curcumin > demethoxycurcumin >
bisdemethoxycurcumin. Hence, the rate of valuable activities of keto tautomer and
degradation of enol tautomer is also in the same order. Further research needs to be carried
out to find out the exact ratio of keto and enol tautomers of curcuminoids.
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Introduction. The purpose of the publication is to establish correlation
relations between the quality indicators of active coal (AC) used in the
distillery production in vodka technology.

Materials and methods. AC of natural origin, which is used for
distillery production. Standard methods of determination and quantitative
characteristics of AC quality indicators. Mathematical-statistical methods of
research are linear correlation analysis based on the Pearson correlation
coefficient.

Results and discussion. It was found that the correlation coefficient (r)
between iodine adsorption activity (4; ), which characterizes the amount and
volume of micropore AC with diameter D,,<2 nm, including nanopor with
diameter D,<l nm, and methylene blue (4,.), which depends on the
mesopore volume with a diameter D,,=2...50 nm, is equal to 0.93. The total
volume of the micro- and mesoporous space determines the total sorption
capacity of AC relative to the organic impurities present in the water-alcohol
mixtures. AC's sorption activity also depends on its fractional composition.
The correlation (reverse dependence) between adsorption activity on acetic
acid (4..) and the mass fraction of the sorbent residue on a screen with a
cloth Nel0 (Fe0) with a coefficient 7=-0,94 was established. Reducing the
mass fraction of the residual on a screen with a cloth from 97...98% to
62...64% leads to an increase in adsorption activity of AC by acetic acid to
117 ml versus 62 ml. This is directly due to the fact that the residual sorbent
on the sieve Ne 10 has a large area of the surface of the microporous and
mesoporous space due to the reduced size of the grains. The total volume of
sorbents in water (7},,,) is directly proportional to the mass fraction of water
soluble ash (M,,,) =0.92 and the mass fraction of moisture (M,,) at 7=0.99.
In order to release AC from water soluble ashes and increase the volume of
pore space, it will be logical to wash the prepared AC with water and then
dry it to the water content in the coal to 2%. It was established that the
fractional composition, the mass of the residue on the sieve with canvas Ne
36 (Fjwss) is directly dependent on the mass fraction of ash (M, ) (+=0.91) and
the mass fraction of water soluble ash (M,..) (=0.91), which indirectly
indicates the influence of inorganic components AC on its mechanical
strength. It is assumed that in the largest fractions of AC with a mass of the
residue on the sieve with canvas Ne 36 (Fjw3=2.1%) contains more ash in the
macropore space (M,=5.12%), including water soluble ash (M,,.=1.95%).

Conclusions. As a result of the analysis of standard quality indicators
AB and the study of their mutual dependencies using the mathematical-
statistical method using the Pearson correlation coefficients, it has been
found that 92% (12 out of 13) indicators have strong internal relationships
that are characterized by a "very high" correlation force with coefficients
r=0.90-0.99.
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Introduction

Today, one of the topical problems of alcoholic beverage production is the improvement
of alcohol production technologies at the main stages of production, the development of
technical means and the search for optimal conditions for technological processes for their
implementation. The purpose of the publication is to establish correlation relations between
the quality indicators of active coal used in the distillery production in vodka technology.

Analysis of recent researchs and publications

The most important stages in the production of vodka (Oliinyk et al, 2016, 2014; Kuzmin
et al, 2014, 2015, 2017) [1-7] are the creation of water-alcohol mixtures (Kuzmin et al, 2013,
2014, 2017, 2018) [8-14] and processing them with activated carbon (Oliinyk et al, 2014;
Mukhin et al, 2003, 2004) [2, 15, 16]. The quality of the activated carbon depends on the
quality of the finished product (Mukhin et al, 2003, 2004; Petrov et al, 2004, 2005) [15-18].
Often, the main raw material for activated carbon is a wide range of precursors (natural coal,
wood, carbonaceous wastes of various origin, etc.) (Marsh, Rodriguez-Reinoso, 2006; Rivera-
Utrilla et al, 2011; Bansal, Goyal, 2005) [19-21].

There are several methods for producing activated coal, the most common of which is
the activation of gases and water vapor at temperatures of 800-900 °C (the so-called
"physical" activation) (Marsh, Rodriguez-Reinoso, 2006; Kong et al, 2013; Matos et al, 2011)
[19, 22, 23] and thermochemical activation, involving reagents of various nature (Marsh,
Rodriguez-Reinoso, 2006; Kong et al, 2013; Kuzmin et al, 2017; Kwiatkowski et al, 2017;
Kumar, Jena, 2017; Zubkova, 2011)[19, 22, 24-28]. Advantages of chemical activation: one-
stage process; lower activation temperature; shorter activation time; large exits; more
developed surface; more controlled microporosity (Lillo-Rodenas et al, 2007) [29]. However,
chemical activation involves the use of an activating agent (ZnCl,, H;PO4, NaOH, KOH, etc.)
(Kuzmin et al, 2017; Kwiatkowski et al, 2017; Kumar, Jena, 2017) [24-27], which is
introduced by impregnation or stirring, after which the raw material is heated (activated) in
an atmosphere of inert (or intrinsic) gases to a certain degree roasting (as a rule, up to 50-
70%).

Activated charcoal is classified (Kinle, Bader, 1984; Roshchina, 1998) [30, 31]:

— for the predominant form of pores: spherical; slit-shaped (Figure 1); bottle-shaped;
— by pore size: macropores; mesopores; micropores (Figure 2);
— for porosity: large porosity; fine porosity; active coke; carbon molecular sieve (Table 1).

a b

Figure 1. Characteristics of pores in the form:
a - spherical; b - slit-shaped
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Table 1
Characteristics of activated carbon for porosity (Kinle, Bader, 1984) [30]
Th £ th I Macropores %[es_ozp orse; Micropores

e name of the coa Dy>50 nm me;m Dy<2 nm
Volume of pores of broadly porous coal, cm’/g 04 0,6...0,8 0,1...0,2
Volume of pores of finely porous coal, cm’/g 0,3 0,1 0,6...0,8
Volume of active coke pore, cm’/g 0,1 0,1 0,1
Volume of pore carbon molecular sieves, cm’/g 0,1 0,05 0,25

Figure 2. Matrix of pore space in activated charcoal:
a — adsorbed molecules in size of particles (large, small); b — macropores Dm>50 nm; ¢ - mesopores
Dpe=2...50 nm; d — micropores D»<2 nm

Characteristics of macropores: diameter D,,,>50 nm; volume V,,=0,2...0,8 cm’/g;
surface S,,,=0,5...2,0 m?*/g. Macropores are channels for penetration of substances deep into
the sorbent, on the surface of which it is impossible to capillary condensation of steam (Kinle,
Bader, 1984) [30].

Characteristic mesopores: D,,=2...50 nm; V,~0,02...0,10 cm?/g; S,,.=20...70 m*/g.
Filling the mesoporous volume occurs when capillary condensation of steam, adsorption — at
pressures, lower boundaries of capillary condensation (Kinle, Bader, 1984) [30].

Characteristics of the micropores: D,;<2 nm; V,,;=0.20...0.60 cm?/g. Micropores
represent the space in which the adsorption field appears at low partial pressure, even before
capillary condensation (Kinle, Bader, 1984) [30].

For the solution of special problems of the liquor industry, the production of activated coal with
certain properties is relevant. Thus, the adsorption activity of activated charcoal by acetic acid
characterizes the catalytic characteristics of activated charcoal, with the decrease of activity,
regeneration of active coal or replacement is recommended, with increase—an increase in the content
of aldehydes in the water-alcohol mixture (Petrov et al, 2004) [17].

The adsorption activity of activated charcoal by iodine depends on the amount and volume of
micropores and determines the sorption capacity of activated charcoal relative to the impurities of
organic substances present in water-alcohol mixtures (Petrov, Limonov, 2005) [18].

The oxidation of water-alcohol mixtures by the Lang method is an indicator of the effectiveness
of the action of activated charcoal, which is determined in water-alcohol mixtures before and after
treatment with activated charcoal. The difference in oxidation for high-grade vodka should be > 2.5
minutes, for low-grade vodka — 2 minutes. If the difference is less indicated — active coal is
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regenerated or replaced (Petrov, Limonov, 2005; Lovyahin et al. 2008) [18, 32].

The hardness of active coal — characterizes the ability of active coal to withstand the pressure of
the liquid and not crushed by rubbing the particles one by one (Mukhin et al, 2003, 2004; Petrov
et al, 2004; Roshchina, 1998)[15-17, 31].

The fractional composition of activated carbon must also meet certain criteria. The high content
of small particles of activated carbon leads to increased removal of activated carbon from coal
columns, as well as to "loosening" the layer of activated carbon in a column, which leads to
additional abrasion of activated carbon (Petrov et al, 2004) [17].

The mass fraction of active coal ash characterizes the amount of mineral impurities in activated
charcoal. Low ash content and low content of water soluble ash reduce the ability of water-alcoholic
raw materials to aldehyde formation (Mukhin et al, 2003, 2004; Petrov et al, 2004; Roshchina,
1998) [15-17, 31].

The cost of activated charcoal is also an important technical and economic factor, but it is not
analyzed in this paper.

Traditionally, the BAU-A grade of activated charcoal, obtained by the method of physical
activation with water vapor at 7>800 °C, is used in the distillery production, which has the following
characteristics: p=200 g/dm’, V>=1.50 cm®/g; V;=1.19 ecm’/g; V,,=0.08 cm’/g; V,,=0.23 cm’/g;

=57 m¥g [17].

The main advantages of BAU-A type activated coal (Petrov et al, 2004) [17]: high specific
surface area ($=500...800 m%g), which provides good organoleptic characteristics of vodkas.

The main disadvantages of activated charcoal BAU-A brand (Mukhin et al, 2003, 2004) [15,
16]: high alkalinity of the surface (pH 9...11); low mechanical hardness (37...42%); presence of
water soluble ash 0,5...0,7%; uneven fractional composition, which leads to an independent sorting
of activated charcoal in the adsorber, with large-sized fractions located in the middle of the column,
smaller — in the periphery, which changes the velocity of the water-alcohol mixture in the adsorber.

The spent activated charcoal BAU-A grades are regenerated at a temperature of 700-900 °C by
pyrolysis and activated at a temperature of 110...115 °C with water vapor (Mukhin et al, 2003,
2004) [15, 16].

Based on the critical analysis of literary sources, it is concluded that the active charcoal of BAU-
A brand does not fully meet the requirements of alcoholic beverage production, which is why the
search for alternative active coal is needed and the development of additional requirements for
activated carbon in terms of: hardness; adsorption activity (Shulman-Babkova's method); adsorption
activity by acetic acid (Oshmyan method).

In the distillery production prospects are active charcoal from fruit stones, shells of coconut,
walnuts, etc., which have: a higher bulk density; higher adsorption activity by acetic acid (UAK —
130 units, BAU-A - 60 units); a significant difference in oxidation between vodka and aqueous-
alcoholic mixture (UAK — 3.8 minutes, BAU-A — 3.0 minutes); less amount of water soluble ash;
greater intergenerational resource of activated carbon; higher hardness than activated charcoal of
BAU-A mark (Mukhin et al, 2003, 2004; Petrov et al, 2004) [15-17].

One of the promising areas for the creation of new adsorbents is the production of activated
charcoal with particles of colloidal-dispersed silver deposited on its surface. As a result of the
electrochemical potential difference between silver and activated carbon there are positive changes
in the surface of activated carbon: the intensification of oxidation-reduction reactions and reactions
of esterification; increase of hardness of activated carbon; increase of the active coal activity
resource; reduction of the aldehyde formation process; increase of organoleptic parameters of vodkas
(Tarasov et al, 2003) [33].

The main disadvantages of activated carbon impregnated with silver are: the reduction of the
efficiency of treatment of water-alcohol mixtures as a result of the gradual washing out of the surface
of activated carbon silver (Tarasov et al, 2003; Zhabkina et al, 2005) [33, 34].

36 ——Ukrainian Journal of Food Science. 2019. Volume 7. Issue 1



Food Technology ——

Materials and methods

Materials. The object of the study was active carbons of various types: crushed activated wood
charcoal BAU-A; charcoal activated wood crushed BAU-A-LVZ; BAU-A silver impregnated
active carbon BAU-A-Ag; active stone coal MeKS; coconut activated carbon KAU-2; anthracite
active coal KDS-A (Table 2).

Table 2
Characteristics of active carbons
Brand of active coal
Symbol | Name of the indicator BAU-A- (BAU-A-
BAU-A LVZ Ag MeKS [KAU-2(KDS-A

Adsorption  activity by
4 iodine.% 62 69 73 94 82 51

Adsorption activity by 64 73 2 | 17| 67 | e
Aqq |acetic acid, ml

Adsorption activity by

Ay | methylene blue, me/a 129 141 169 | 273 | 265 | 117

Total pore volume of

T,.. |water,cm¥g 1,72 1,91 2,00 1,57 | 1,23 1,43

Bs | Bulk density, g/dm? 215 221 228 572 524 691
Fractional composition,
mass of the residue on the 1,6 1,4 2,1 0,1 0,2 0,1

Fss | sieve with canvas: Ne 36,%

Fractional composition,
mass of the residue on the 98,0 97,6 96,6 90,4 | 96,3 97,2
Fxio |sieve with canvas: Ne 10,%

Fractional composition, the
mass of the residue on the

sieve with canvas: on the 0.4 ! 1.3 9,5 3,5 2.7
F, |pallet,%
M,  |Mass part of ash,% 4,70 4,95 5,12 3,61 3,26 | 2,40
Mass part of water-soluble
M. |ash.% 1,64 1,87 1,95 1,27 | 1,04 | 0,78
M;  |Mass part of iron,% 0,12 0,13 0,15 0,19 | 0,13 | 0,10
M,,. |Mass part of moisture,% 3,8 4,1 4.5 3,2 2,1 2,9
A, Abrasion resistance,% 52,8 59,6 63,1 90,1 | 86,7 | 79,3

The research methods are based on the research methods of active carbons by physicochemical
parameters: adsorption activity by iodine; adsorption activity by acetic acid; adsorption activity
by methylene blue; total pore volume of water; bulk density; fractional composition; mass part of
ash; mass part of water-soluble ash; mass part of iron; mass part of moisture; abrasion resistance.

Linear correlation (Pearson). Pearson correlation coefficient measures the strength of the
linear association between variables. Each variable should be continuous, random sample and
approximately normally distributed (Hinkle et al, 2003) [35].

The correlation coefficient can take a range of values from +1 to -1. Positive correlation
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coefficient means that if one variable gets bigger, the other variable also gets bigger, so they
tend to move in the same direction. Negative correlation coefficient means that the variables
tend to move in the opposite directions: If one variable increases, the other variable decreases,
and vice-versa. When correlation coefficient is close to zero two variables have no linear
relationship (Hinkle et al, 2003) [35].

There are many rules of thumb on how to interpret a correlation coefficient, but all of them
are domain specific. For example, here is correlation coefficient (Table 3) interpretation for
behavioral sciences offered by Hinkle et al, 2003 [35].

Table 3
Correlation coefficient interpretation by Hinkle et al, 2003 [35]
Absolute value of coefficient (r) Strength of correlation
0,90...1,00 Very high
0,70...0,90 High
0,50...0,70 Moderate
0,30...0,50 Low
0,00...0,30 Little, if any
Results and discussions
Table 4 presents the correlation matrix for the coals studied.
Table 4

Marked correlations (r) are significant at p<0,05; N=6

Ai Auwa Amb. Tp.v. Bu Fxz6| Frro Fp. My |Mya| Mii | M. | A
4; ] 1,00 | 0,80 | 0,93 | -0,11 | 0,07 |-0,23]-0,80| 0,73 ]0,11] 0,09 | 0,90 ]-0,18] 0,52
Aqa.| 0,80 [ 1,00 | 0,64 | 0,14 [ 0,16 |-0,20|-0,94[ 0,84 ] 0,08 | 0,11{0,96] 0,11 | 0,45
Amp| 093 | 0,64 | 1,00 | -0,46 | 0,36 |-0,49]-0,76] 0,77 |-0,22]-0,25| 0,72 |-0,52] 0,75

1,. | -0,11] 0,14 | -0,46 | 1,00 | -0,80 | 0,87 0,20{-0,40{ 0,87{ 0,92 | 0,19 [ 0,99 [-0,75
Bs | 0,07 0,16 | 0,36 | -0,80 | 1,00 |-0,94(-0,45] 0,62 [-0,97]-0,94(-0,01]-0,79( 0,87
Fss| -0,23 1 -0,20 | -0,49 | 0,87 | -0,94 | 1,00 | 0,50]-0,68| 0,91 | 0,91 [-0,06| 0,88 [-0,89
Faro) -0,80 | -0,94 | -0,76 | 0,20 | -0,45 [ 0,50 | 1,00 {-0,97| 0,24 | 0,22 |-0,88] 0,22 |-0,69
Fy
M,

0,731 0,84 | 0,77 | -0,40 | 0,62 [-0,68]-0,97] 1,00 [-0,44|-0,42] 0,75 [-0,42] 0,82
0,11 ] 0,08 | -0,22 | 0,87 | -0,97 | 0,91 | 0,24 -0,44| 1,00 | 0,99 0,24 | 0,84 |-0,77

M| 0,09 ] 0,11 [ -0,25] 0,92 | -0,94 | 0,91 0,22]-0,42| 0,99 ] 1,00| 0,25 0,89 [-0,75
M. ] 090 | 096 | 0,72 | 0,19 | -0,01 |-0,06]-0,88] 0,75]0,24] 0,25|1,00]0,15] 0,37
M, | -0,18 1 0,11 | -0,52 | 0,99 | -0,79 ] 0,88 0,22 |-0,42| 0,84 {0,891 0,15 | 1,00 |-0,77
4. 1052|0451 0,75 | -0,75| 0,87 |-0,89(-0,69] 0,82]-0,77(-0,75| 0,37 -0,77{ 1,00
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The volume of iodine adsorbed by coal (4;) is in the range of 51-94%. Iodine adsorption
activity (Figure 3) is directly related to the adsorption activity of the sorbent for methylene
blue (4m.5). Methylene blue adsorption activity is in the range of 117-273 mg/g. The
coefficient of pair correlation (r) between the indices of the adsorption activity on iodine and
methylene blue was =0.93, which is characterized by “very high” correlation strength, since
the value is in the range of 0.90-1.00. The adsorption activity of active carbon in iodine
depends on the number and volume of micropores, which are characterized by a diameter of
D,,<2 nm, including nanopores with a diameter of D,<1 nm. The adsorption activity of the
sorbent for methylene blue depends on the number and volume of mesopores, which are
characterized by a diameter of D,,,—2—50 nm. The internal correlation between the adsorption
activity of active carbon in iodine and methylene blue determines their total effect of the
micropore and mesoporous space on the adsorption process. It determines the sorption
capacity of activated carbon relative to the impurities of organic substances present in water-
alcohol mixtures.

300
s
7
2801 A_, =-1239+4,2626 % A, e
260} r=0,93 0

240}
220
200F
180}
160}
140

120

Methylene blue adsorption activity,
mgfg

100}

80
43 50 55 60 65 70 75 80 85 90 95 100

Adsorption activity for iodine, %

Figure 3. Dependence of adsorption activity for iodine on methylene blue adsorption activity

From the data of table 2 it can be seen that the active carbon of MeKS brand, which has
the highest values of adsorption activity for iodine — 94% and adsorption activity for
methylene blue — 273 mg/g, has the most developed micropore and mesoporous space. The
least developed total pore space is inherent in the structure of active carbon KDS-A, made of
fossil coal — anthracite. It is characterized by the lowest values of adsorption activity for
iodine — 51% and adsorption activity for methylene blue — 117 mg/g. Interrelation of A4,,.5
and A; shown in Figure 3. These qualities of sorbents are characterized by a “very high”
correlation force (=0.93).

The sorption properties of porous materials are inextricably linked with their fractional
composition. This relationship was considered by us on the example of the adsorption activity of the
samples with respect to acetic acid (4,.) and the fractional composition of activated carbons. So,
Aqq the studied sorbents lie in the range of 62—117 ml. The coefficient of pair correlation () between
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the indicators of the adsorption activity of acetic acid (4,.) and the fractional composition of
activated carbon, characterized by weight (%) of the residue on the sieve with cloth No 10 (Fjwz0),
was r=-0,94 (Figure 4). This is characterized by a "very high" force of inverse (negative) correlation.
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Acetic acid adsorption activity, ml

Figure 4. Dependence of acetic acid adsorption activity for fractional composition, the mass of
the residue on the sieve with canvasNe 10

Interpretation of the results. A decrease in the fraction of active carbon fractions on a sieve with
canvas Ne 10 from 98.0% to 90.4% leads to an increase in the adsorption activity of active carbon
on acetic acid from 62 to 117 ml. This characterizes the presence of a smaller amount of the fine
fraction on the sieve with the canvas number 10, which has a greater surface area due to the
developed micropore and mesoporous space, and, accordingly, increased adsorption activity on
acetic acid.

It is known that the presence of iron in active carbon determines the catalytic properties
of active carbon. At the same time, the mass fraction of iron (44;) also affects for the
adsorption activity of active carbon for acetic acid (4....). The coefficient of pair correlation
(r) between the indicators for adsorption activity for acetic acid (4...) and the mass fraction
of iron (M;) was r=0.96 (Figure 5). This indicates a “very high” strength of direct (positive)
correlation. An increase in the mass of iron in active carbon from 0.10% to 0.19% leads to
an increase in the adsorption activity of active carbon on acetic acid from 62 ml to 117 ml.
At the same time, a decrease in the mass of iron in active carbon to 0.10% reduces the
adsorption activity of active carbon on acetic acid to 62 ml.

The total pore volume of water (7},..) is in the range of 1.23-2.00 cm?/g. This parameter
(Figure 6-7) is in direct relationship with the mass portion of water soluble ash (M,,.) and
the mass portion of moisture (M,.). The coefficient of pair correlation (r) between the
indicators of the total pore volume of water and the mass fraction of water-soluble ash was
r=0.92. The relationship between the total pore volume of water and the mass fraction of
moisture turned out to be even closer. The coefficient of pair correlation (r) in this case was
r=0.99, which means “very high” correlation force. Note that all three indicators are related
to moisture, which is in the active carbon, and water absorbed in the process of determining
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the total pore volume. That is, the larger the pore volume of water (7,,=2.00 cm’/g),
determined by the standard method in active carbon, the more active carbon retains moisture
(M,,=4.5%) and the more water-soluble ash is in the volume of active carbon (M,,..=1.95%).
Therefore, to release the sorbent from water-soluble ash and increase the pore volume, it is
necessary to wash the activated carbon with water and then dry it to a mass of water of 2%.

0,20 : : . :
M, = 0,02551 +0,00143 * A, .

=096 P

0,18

0,16

0,14

Mass part of iron, %

0,12
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50 60 70 80 90 100 110 120

Acetic acid adsorption activity, ml

Figure 5. Dependence of acetic acid adsorption activity for mass part of iron
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Figure 6. Dependence of total pore volume by water for mass part of water-soluble ash
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M,,=-1,460 + 2,9778 * T,
r=0,99

Mass part of moisture,%o

| “0._95% confidence
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Total pore volume by water, cm 3/g
Figure 7. Dependence of total pore volume by water for mass part of moisture

One of the indicators characterizing the operational properties of active carbons is bulk
density. The bulk density (B,) of the coals studied is in the range of 215-691 g/dm°. At the
same time, the bulk density (Bs) (Figure 8-10) is inversely related to the fractional
composition of the sorbent, namely, to the mass portion of the residue on the sieve with web
Ne 36 (Fss), mass portion of ash (M,), mass part of water soluble ash (M,,..).
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Figure 8. Dependence of bulk density for fractional composition, the mass of the residue on the
sieve with canvas Ne 36
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The coefficient of pair correlation (r) between the indicators bulk density (Bs) And the
mass part of the residue on the sieve with the web Ne 36 (Fiw3s) was r=-0.94. The coefficient
of pair correlation () between the indicators bulk density (B.), The mass part of ash (M,)
and the mass part of water-soluble ash (M,.,) was respectively =-0.97, =-0.94. All four
indicators are associated with the mass of individual fractions of activated carbon. The
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greatest influence on the bulk density is exerted by large fractions with a mass of the residue
on a sieve with web Ne 36 (Fw36).

For the studied active carbons, the fractional composition is typical, which is
characterized by a mass portion of the residue on a sieve with cloth Ne 36 (Fj36) in the range
of 0.1-2.1%. It is she (Figure 11-12) that is directly dependent on the mass of ash (M,) and
the mass of water-soluble ash (My..). The coefficient of pair correlation () between the
indicators of the mass fraction of the residue on the sieve with the canvas Ne 36 (Fiws6) and
the mass fraction of the ash (M, ) was r=0.91. The coefficient of pair correlation (r) between
the indicators mass fraction of the residue on the sieve with the canvas Ne 36 (Fj36) and the
mass part of water-soluble ash (M,.,) was r=0.91. Consequently, in the largest (largest)
fractions of active carbon with a mass part of the residue on a sieve with the canvas Ne 36
(Fn36=2.1%) in the macroporous space there is more total ash (M,=5.12%) and water-soluble
ash (M,...=1.95%).
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Figure 11. Dependence of fractional composition, the mass of the residue on the sieve with
canvas Ne 36 for mass part of ash

We analyzed the relationship of the fractional composition of activated carbon, taking
into account the mass fraction of the residue on the sieve with the canvas Ne 10 (F9), the
value of which is in the range of 90.4-98.0%, with the mass portion of the residue on the
pallet (F},) (Figure 13). The coefficient of pair correlation () between the indicators of the
mass fraction of the residue on the sieve with the canvas Ne 10 (Fx;0) and the mass part of
the residue on the pallet (£),) was r=-0.97. Obviously, with an increase in the mass part of
the residue on the sieve with the web Ne 10 (F10=98%), the mass part of the residue on the
pallet decreases (F,=0.4%).

The bulk of the ash (M,) of the objects studied is in the range of 2.40-5.12%. Its value
(Figure 14) is directly related to the mass of water-soluble ash (M,....). The coefficient of pair
correlation (») between the indicators of the mass fraction of ash and the mass fraction of
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water-soluble ash was r=0.99. This is characterized by a “very high” correlation force, since
the value is in the range of 0.90—1.00. Consequently, the higher the total ash content of the
sorbent, the more water-soluble ash is in the composition of the activated carbon.
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Figure 12. Dependence of fractional composition, the mass of the residue on the sieve with
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Figure 14. Dependence of mass part of ash for mass part of water-soluble ash

Conclusions

As a result of mathematical and statistical studies of a number of active carbons that are
promising for use in alcoholic beverage production, the strength of the linear relationship
between the variables was estimated by analyzing standard indicators of active carbons and
determining the Pearson correlation coefficients. The interdependencies of such active
carbon parameters are shown: iodine adsorption activity and methylene blue adsorption
activity; acetic acid adsorption activity and iron content; total pore volume of water and the
content of water-soluble ash, bulk density and characteristics of the fractional composition,
and others.

It was found that 12 indicators out of 13 (92%) have a strong internal relationship, which
is characterized by “very high” correlation strength, because r values are in the range of 0.90—
1.00. Only one of the indicators of sorbents (4, — abrasion resistance) does not have a “very
high” correlation force, the highest value of the correlation coefficient (+=-0,89) was obtained
for a pair of characteristics — the abrasion resistance and the mass portion of the sorbent
residue on the sieve canvas Ne 36 (Fss).

The conducted studies are of particular interest for the selection of initial and
optimization of the composition of composite sorbents from a number of available active
carbons for optimizing the process of obtaining high-quality alcoholic beverages.
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Introduction. Tuwo, a gel-like dumpling produced by
heating maize flour slurry to obtain a smooth dough, is the
most important staple food in Northern Nigeria.

Materials and methods. Maize flours (MF) were
obtained using “grit non-soaking (GNS)” and “grit soaking
(GSM)” methods. Baobab pulp (BPF) at 0, 5 and 10% w/w
was incorporated into the MF and tuwo was prepared from
the blends. Functional and colour order properties of MF,
stability and sensory properties of fuwo were determined
using standard methods.

Results and discussion. Swelling capacity, water
absorption capacity, dispersibility, paste clarity and least
gelation of blends were 5.44-5.85 mL/g, 2.19-2.49 mL/g,
50.53-61.66%, 1.86-4.50% and 2—6%, respectively. Flour
produced by GNS method and containing 10% BPF had
highest loose bulk density (0.53 g/mL), packed bulk density
(0.77 g/mL) and swelling capacity (5.85%). Peak,
breakdown and final viscosity of blends were 473.83—792.63
RVU, 391.17-626.33 RVU and 578.42-905.00 RVU,
respectively. L*, a*, b* hue angle, chroma and colour
intensity of blends were 75.30-85,97, -0.30-1.26, 9.14—
14.94, 59.33-88.20, 5.67-11.58 and 10.10-20.39,
respectively. There was no significant (p>0.05) difference
between 100% MF produced by GNS and GSM (control
samples) and blends of MF and BPF in terms of
swallowability and mouldability while significantly (p<0.05)
higher scores were recorded for the control samples in
colour, taste, flavour and general acceptability. At the end of
the first day of ambient storage, syneresis was 5.6—16.3% and
2.5-10.2% for tuwo produced by GNS and GSM,
respectively. Syneresis was 2.5-14.9% and 1.8-2.2% for
tuwo produced by GNS and GSM respectively under
refrigeration storage condition.

Conclusion. This study showed improvement in the
quality of maize flour and stability of tuwo as a result of
baobab pulp inclusion.
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Introduction

Maize (Zea mays) is a popular crop worldwide due to its functionality as a food source
for both human and animals [1]. It is a dietary staple for a teeming world population of 400
million who are majorly in Africa and Central America [2]. Maize contains essential nutrients
such as carbohydrate and dietary fiber which provide adequate calorie required by the body
[1]. Earlier reports showed that maize contains 7 to 13% protein, 1.4 to 6.0% fat, 74 to 80%
carbohydrate, 0.81% ash and 414 kCal/100g of calorie [2]. In sub-Saharan Africa, about 65%
of maize produced is utilized in the production of different food products such as dumplings,
breads, fermented dough, snacks and tortilla [3]. In Nigeria and many West African countries,
maize is often consumed in forms of starch, ogi, koko, masa, eko, agidi, ekuru and tuwo [4].
Among these, fuwo, a gel-like dumpling produced by heating maize flour slurry to obtain a
smooth dough, is the most important staple food in Northern Nigeria, a region where many
ethnic groups such as Hausa, Fulani, Kanuri, Nupe and Jukum are resident [5]. Popularity of
maize tuwo has spread to other regions of the country and many West African countries such
as Ghana, Togo and Benin.

Acceptability of tuwo is often limited due to poor textural quality which is evident in
poor mouldability, high rate of retrogradation and instability of gels after cooling [5].
Consequently, several research efforts have been made to alleviate the challenges. Physical
modifications of cereal raw materials such as steaming [6], thermoplastic extrusion [7] and
hydrothermal treatment [8] have shown to improve physicochemical properties and sensory
attributes of fuwo and other products. However, it is imperative to improve functional
properties of flour using techniques that could be easily adopted by poor population of West
African countries who are major consumers of fuwo. One of such techniques involves
incorporation of stabilizing agent to improve gelling properties and stability of fuwo. Bolade
and Adeyemi [6] reported improved textural property of fuwo produced through
incorporation of cassava flour into maize flour.

Baobab fruit pulp is an edible component of an underutilized crop known as baobab
(Adansonia digitata) tree [9]. Baobab pulp is a rich source of vitamin C (264 mg/100g) and
therefore relished as a refreshing drink [10]. It contains 2.16% protein, 0.4% lipids, 5.7%
soluble and insoluble fiber, 73.87% carbohydrate, 7.67% ash and 307.6 kCal/g of
metabolizable energy [11]. In addition, the main chemical component of baobab pulp which
confers it with high viscosity is pectin [12]. There is therefore a new interest in utilization of
baobab pulp as gelling or thickening agent in food systems. Ndabikunze et al. [13] reported
improved rheological properties of jam stabilized with baobab pulp. They further reported
that baobab pulp-stabilized jam compared significantly with commercial pectin-stabilized
jam. Furthermore, incorporation of baobab pulp into ogi (a fermented maize product) resulted
in improvement of its functional and sensory properties [14].

Objectives of this research were to:

—  Determine effects of baobab pulp inclusion and processing methods on functional and
colour order properties of maize flour;
—  Evaluate stability and sensory attributes of tuwo produced from MF and BPF blends.
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Materials and methods

Materials

Maize grains (Zea mays) (white variety) were obtained from the Teaching and Research
Farm of Federal University Wukari, Nigeria while baobab (Adansonia digitata) fruits were
collected from baobab trees found within the Forest Reserves of the same University.

Preparation of maize flour

Maize flour was produced using grit non-soaking (GNS) and grit soaking (GSM)
methods described by Bolade et al. [5]. Maize grains were manually cleaned by the removal
of stones, damaged kernels and other extraneous materials. The cleaned grains were tempered
by sprinkling 5% water (v/w) on the grains coupled with thorough mixing. This was followed
by decortication of the grains on a locally fabricated corn decorticating machine, in order to
obtain maize grits. The grits obtained was divided into 2 equal halves. For the grit non-
soaking method, the first half of the grits was milled using a disc attrition mill (9FC-36,
China) followed by sieving using a 40 mesh sieve (0.450 mm). The flour was packaged in
airtight polythene bags (Ziploc, China) and stored at 1042 °C until required. For the grit
soaking method, the second half of the grits was soaked in water for 2 hours. Subsequently,
the water was drained and the grit was dried in an oven (NL9023A, England) at 50°C for 12
hours. The dried grit was milled using a disc attrition mill (9FC-36, China) followed by
sieving using a 40 mesh sieve (0.450 mm). The flour was packaged in airtight polythene bags
(Ziplock, China) and stored at 104+2°C until required.

Preparation of baobab pulp flour

Baobab pulp flour was produced according to the method described by Adejuyitan et
al. [14]. Baobab fruits were cracked manually and seeds removed from the pulp by hand. The
pulp was then crushed using a blender (CB-8231-D, China), sieved using a 60 mesh sieve
(0.250 mm), packaged in polyethylene bags (Ziploc, China) and stored at 10+£2°C until
required.

Incorporation of baobab pulp flour into maize flour

Baobab pulp flour was incorporated separately into maize flours produced by grit-
soaking and grit non-soaking methods at concentration levels of 0, 5, 10% (w/w). Blends of
MF and BPF were homogenized in a laboratory mixer (CB-8231-D, China), packaged in
polyethylene containers (ZiLock, China) and stored at 1042 °C until required.

Preparation of tuwo

Maize tuwo was prepared according to an optimized procedure reported by Bolade et
al. [5] which gave a final flour to water ratio of 1:3.5 w/v. Slurry was prepared by mixing
100 g of sample with 437.5 mL of water. The slurry was added to 1, 050 mL boiling water
and the mixture was stirred vigorously until a pap-like consistency was obtained. With
continuous stirring, 400 g of sample was added bit by bit to the boiling pap until a stiff dough
was formed. Furthermore, 262.5 mL of water was added to the gel and covered for 5 minutes
without stirring. Subsequently, the gel was stirred vigorously until a smooth consistent gel
was formed. The tuwo was served immediately for sensory evaluation.
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Analyses

Bulk density (loose and packed) and least gelation concentration of blends were
determined using the method of Kinsella [15]. Water and oil absorption capacity, swelling
capacity and dispersibility of blends were determined using the procedure described by
Akpata and Miachi [16]. Clarity of flour pastes was determined by the method described by
Yadav et al. [17]. Pasting properties of blends were evaluated using a Brabender visco-
amylograph (Newport Scientific Pty Ltd. Warrie-wood NSW, Australia) based on the
procedure outlined by Chinma et al. [18]. Colour order characteristics of flour blends were
determined using a handheld colorimeter (Chromameter CR-400/410). Sensory analysis of
tuwo samples was conducted using a 9 point hedonic scale where 0 and 9 represented dislike
extremely and like extremely, respectively. Fifty panelists comprising of 62% male and 38%
female adults that were familiar with maize tuwo were recruited for the analysis. Samples
were coded and served to the panelists at 85°C in individual booth under fluorescent light.
Samples were rated by panelists for colour, taste, aroma, mouldability, swallowability and
general acceptability [6]. Paste stability of fuwo during ambient and refrigerated storage was
evaluated by determining syneresis of the paste [19]. A 10% aqueous suspension of sample
(w/v) was prepared in a screw-capped centrifuge tube and 0.1% sodium benzoate was added
to prevent microbial spoilage. The suspension was heated in a boiling water bath (NL420S
England) at 85°C for 30 min with constant stirring and then cooled rapidly to room
temperature (30+2°C) on ice bath. After cooling, the paste sample was stored for 5 days at
refrigeration (4+2°C) and ambient (30+2°C) temperatures. Syneresis was determined daily as
percentage of water released after centrifugation at 3000 x g for 15 minutes. All experiments
were conducted in triplicates. Data obtained were subjected to 2-way analysis of variance
with processing method and blend ratio serving as independent variables. Means were
separated with Duncan Multiple Range Test at 5% level of significance. These were achieved
with the aid of Statistical Package for Social Scientists (SPSS IBM Corp. USA), version 23.

Results and discussion

Effect of baobab pulp inclusion on the functional properties of maize flour

Table 1 shows the functional properties of MF as influenced by processing methods and
level of baobab pulp (BPF) inclusion. Loose bulk density was significantly (p<0.05)
influenced by processing methods and concentration of BPF in the blends. Inclusion of 5%
BPF in MF produced by GNS method did not cause any significant (p>0.05) change in loose
bulk density, however, a significant (p<0.05) increase was recorded in the blend containing
10% BPF. Significant (p<0.05) increase in loose bulk density at 5% BPF level was recorded
in MF produced by GSM method. Inclusion of 10% BPF into MF produced by GNS resulted
in a significant (p<0.05) increase in packed bulk density. Significant change was not observed
at lower concentration (5% BPF) in MF produced by both GSM and GNS methods. Maize
flour and BPF blends produced using GSM method had significantly lower (p<0.05) loose
and packed bulk density than the corresponding blends produced by GNS. Reduction in bulk
density could be due to breakdown of large organic molecules consequent to percolation of
water into grits during soaking operation [20]. Soaking also caused a significant reduction in
bulk density of millet [21].
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Table 1
Functional properties of maize and baobab pulp flour blends
%0 = ST ) E /\? e
Z38 | = £ 3 J|um | va | 3 F8 | 8T | £
5£| 2= BE |BE | 22| 22| B | S| 2|0
SE|lSg " |22 | BE | CE| § | & | ~E|Q
. 0.48%+ | 0.70b+ | 2.31°+ | 2.31%+ | 5.82%+ | 50.53t 4.50%
GNS | 100:0 0.02 0.04 0.04 0.04 0.06 2.89 1.92 8.00
95:5 0.49%+ | 0.72°+ | 2.34%+ | 2.14b+ | 5.80%+ | 54.64b+ | 1.88"+ 8.00
’ 0.02 0.01 0.11 0.06 0.04 2.47 0.13 )
9010 0.53% 0.77+ 249 | 2.14%+ | 5.85% 59.55% 1.860+ 6.00
’ 0.04 0.03 0.02 0.07 0.06 0.18 0.88 )
. 0.45°+ | 0.68"+ | 2.34%+ | 2344 5.82%+ | 57.07°+ | 2.99%+
GSM | 100:0 0.01 0.03 0.06 0.13 0.05 0.96 0.68 4.00
95:5 0.47%+ | 0.71°+ | 2.19>+ 1.914+ 5.44b+ 61.66+ | 2.11%+ 200
’ 0.01 0.01 0.06 0.01 0.19 4.77 0.51 )
9010 0.48%+ | 0.71+ | 2.30°+ 1.99%+ | 5.82%+ | 5299+ | 3.15%+ 200
’ 0.03 0.04 0.01 0.00 0.32 5.11 0.12 )

Values are means + standard deviations of triplicate scores. Means within a column with different
superscripts were significantly (p<0.05) different. GNS- grit non-soaking method; GSM- grit soaking
method; MF-maize flour; BPF-baobab pulp flour; LBD- loose bulk density; PBD- packed bulk density;
WAC-water absorption capacity; OAC-oil absorption capacity; SC-swelling capacity; LGC-least
gelation concentration.

Water absorption capacity of MF produced by the GNS method increased significantly
(p<0.05) with increasing level of BPF inclusion. According to Seena and Sridha [22], high
water absorption causes high retention of water without dissolution of protein, thus increasing
the body and viscosity of gel. Conversely, inclusion of BPF into MF produced by the GSM
method reduced water absorption capacity. Bolaji et al. [23] also reported that water
absorption capacity of ogi (a fermented maize product) reduced with increase in soaking time
of maize grains. Variation observed in water absorption capacity could be due to differing
particle sizes and starch components of the BPF and MF blends. According to Adegunwa et
al. [24], water absorption capacity is dependent on factors such as particle size,
amylose/amylopectin ratio and molecular structures of component flours. Grit soaking
caused a significant (p<0.05) increase in oil absorption capacity. This corroborated the
findings of Ocheme et al. [21] who also reported that soaking of millet grains increased oil
absorption capacity of millet flour. Inclusion of BPF into MF caused significant (p<0.05)
reduction in oil absorption capacity. This might be due to conformational imbalance between
hydrophilic and hydrophobic components of the blends [25]. Ten percent substitution of BPF
into MF produced using GNS method increased swelling capacity while the same substitution
level did not have significant (p>0.05) effect on MF produced using GSM method. The
increase in swelling capacity may be attributed to increased hydration of starch [18].
Irrespective of method of MF production, BPF incorporation into MF increased percentage
dispersibility significantly (p<<0.05). This implies better reconstitution of flour in water prior
to heating. According to Adebowale et al. [26], reconstitution of flour in water is dependent
on flour dispersibility. Significantly (p<<0.05) higher paste clarity (4.50%) was recorded in
flour produced by GNS method compared to the value (2.99%) recorded for flour produced
by GSM method. This difference could be due to variation in dispersibility of flours produced
by both methods. According to Yadav et al. [17], paste clarity is dependent on dispersion and
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retrogradation tendencies of starches. Inclusion of BPF significantly (p<0.05) reduced paste
clarity in MF produced by GNS method, however, no significant (p>0.05) change was
observed in flour produced by GSM method as a result of BPF inclusion. This phenomenon
suggested reduction in retrogradation tendency of MF produced by GSM method, which
probably due to grit soaking operation. Soaking is often associated with changes in metabolic
activities which result in modification of physicochemical and nutritional qualities of food
products [21, 27].

Processing methods affected gelling properties of MF. Maize flour produced using
GSM method gelled at 4% while the minimum gelling concentration for MF produced by the
GNS method was 8%. Lower gelation concentration attributed to MF produced by GSM
method could be due to improved hydration of starch consequent to the soaking operation.
This is advantageous because improved gelation properties reduce the amount of heat energy
required during preparation of fuwo. It will also reduce cooking time. Inclusion of BPF into
MF further improved the gelation properties. Inclusion of 5% BPF into MF produced by
GSM method lowered gelation concentration to 2% while inclusion of 10% BPF into MF
produced by the GNS method reduced gelation concentration to 4%. This clearly showed
stabilizing ability of BPF whose inclusion into MF probably increased solubilization of starch
and/or protein molecules which resulted in rearrangement of functional groups [28].
Adejuyitan et al. [14] also reported improved gelation property of ogi (a fermented maize
food) as a result of inclusion of baobab pulp.

Effect of baobab pulp inclusion on the pasting properties of maize flour

Samples showed different pasting properties (Table 2) as a result of different processing
methods and baobab pulp level. Significantly (p<0.05) higher peak viscosity was recorded
for MF produced by GSM method compared to the corresponding MF produced by GNS
method, for example 100% MF produced by GNS method had a peak viscosity of
473.83RVA while 100% MF produced by GSM method had a peak viscosity of 792.63RVA.

Table 2
Pasting properties of maize and baobab flour blends
Method ]I\B/IIFF Peak viscosity | Breakdown Vils:clgzlty Setback Peak teri?)set;;i re
(%ow/w) (RVU) (RVU) (RVU) (RVU) |time (mins) °C)
. 473.83% 436.54*+ 578.42°+ | 541.13% 5.73% 87.68+
GNS | 100:0 1.06 28.58 5.19 40.13 0.06 0.61
95:5 549.88%4 507.63%+ 598.54% | 556.29°¢ 5.455+ 85.2200+
) 4.77 0.36 6.78 3.36 0.07 0.00
. 542.88+ 504.88%+ 581.33°+ | 543.33¢ be 82.73%
90:10 1.89 0.06 3.42 1.59 5:337+0.03 0.56
. 753.13% 626.33%+ 905.00°+ | 778.20%+ 5.13% 79.61°%
GSM | 100:0 1.71 0.82 0.94 1.59 0.09 0.90
95:5 703.75% 610.71°+ 779.88°+ | 686.84%+ 5.33%% 80.00°=
) 3.65 1.59 8.54 6.48 0.00 1.90
90:10 792.63+ 391.17°+ 850.54%+ | 449.08% 5.27%% 78.21%
) 0.41 445.2 0.88 0.24 0.09 1.48

Values are means + standard deviations of triplicate scores. Means within a column with different
superscripts were significantly (p<0.05) different. GNS- grit non-soaking method; GSM- grit soaking
method; MF- maize flour; BPF- baobab pulp flour.
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Higher peak viscosity recorded for MF produced by the GSM method could be due to
higher granule swelling brought about by soaking operation. According to Oluwamukomi
and Jolayemi [29], high swelling index is correlated with high peak viscosity. Bolade and
Adeyemi [6] also reported increase in peak viscosity of heat-moisture pretreated maize flour.
In addition, peak viscosity significantly (p<0.05) increased with increasing BPF level in MF.
This could be as a result of increase in water binding activity of the flour due to the inclusion
of BPF. This would contribute to better quality of fuwo since peak viscosity is often
associated with final product quality [30].

There was no significant (p>0.05) difference among the samples in terms of breakdown
viscosity. Lowest breakdown viscosity of 391.17RVU was recorded for the blend of MF
produced by GSM and 10% BPF. This suggested good stability of the paste owning to its
ability to withstand shear-thinning, consequent to prolonged heating [31]. Blends produced
by GSM method had a final viscosity of 905.00RVU, compared to a significantly (p<0.05)
lower value of 578.42RVU recorded for flour produced by GNS method. Inclusion of BPF
caused significant (p<0.05) reduction of final viscosity in flours produced by the GSM
method, however, inclusion resulted in increase in final viscosity of flours produced by GNS
method. Setback viscosity also followed the same trend. This corroborated finding of Bolade
et al. [5] who also reported reduction in setback viscosity of maize flour produced by the
GSM method. Reduction in setback viscosity of blends of MF produced by GSM and BPF
could be attributed to increased enzymatic activity during grit soaking. This probably led to
partial hydrolysis of starch molecules [32]. This could go a long way in reducing
retrogradation of pastes [33].

Peak time ranged from 5.13 to 5.73 minutes with 100% MF produced by GSM method
and 100% MF produced by GNS having lowest and highest values, respectively. Inclusion
of BPF caused a significant (p<0.05) reduction in peak time of MF produced by GNS method.
Also, grit soaking significantly (p<0.005) reduced peak time. In the same vein, pasting
temperature was significantly (p<0.005) reduced by the inclusion of BPF into MF produced
by GNS method, however, no significant (p>0.05) change was observed among samples
produced by GSM method. Reduction in peak time and temperature will reduce the total
energy and time required for tuwo preparation [18].

Effect of baobab pulp inclusion on colour order properties of maize flour

Table 3 shows variation in colour properties of MF as influenced by processing methods
and BPF inclusion. L* ranged from 77.03 to 85.97. There was no significant (p>0.05)
difference in L* among the control samples i.e. 100% GNS and GSM. This contradicted the
report of Bolade et al. [S] who reported lower L* value for MF produced by GSM. Inclusion
of BPF into MF caused a significant (p<0.05) reduction in L*. The reduction might have been
due to the effect of baobab pulp which has a creamy white colour [9].

Low a* ranging from -0.10 to 1.26 were recorded for the samples. These low values
imply deviation of the samples from green and red. Bolade et al. [6] also reported low a*
ranging from -0.08 to -0.18 for pre-gelatinized MF. b* increased significantly (p<0.05) with
increasing level of BPF in MF. This implies that colour of the samples tended towards yellow
due to the presence of baobab pulp. Hue angle varied between 59.33 and 88.20. This showed
deviation towards yellow colour. The movement of hue angle from 0° to 90° indicates colour
change from red to yellow [5]. Chroma and colour intensity ranged from 6.14 to 10.17 and
10.10t0 20.39, respectively. Inclusion of BPF increased these colour parameters significantly
(p<0.05). Chroma and colour intensity are indices for colour purity [31], therefore, inclusion
of BPF improved MF in that regard.
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Table 3
Colou order properties of maize and baobab pulp flour blends
Processing | MF:BPF % N % Hue Colour
method | (% w/w) L a b angle Chroma intensity

100:0 85.97% | -0.30" | 9.64% 88.20°+ 6.14% 10.10%+

GNS ) 0.82 +0.01 0.13 0.08 0.13 0.57
95:5 75.30% | 0.43% | 11.54% 87.86™+ 8.12% 20.39%+

) 2.17 0.02 0.36 0.17 0.35 1.85
9010 82.18%+ | 1.05°+ | 14.94% 85.98%+ 11.58%+ 16.54%+

) 0.42 0.03 0.09 0.09 0.10 0.24
100:0 85.15% | -0.10° | 9.14% 59.33b+ 5.67% 10.57°

GSM ) 2.14 +0.09 0.46 51.38 0.47 1.47
95:5 79.66%+ | 0.64% | 11.91°% 86.94°+ 8.52% 16.67°+

) 0.93 0.07 0.16 0.33 0.16 0.73
9010 77.03%% | 1.26% | 13.77°%% 8478+ 10.47°+ 19.95%+

) 1.77 0.01 0.38 0.14 0.37 1.39

Values are means + standard deviations of 3 replications. Means within a column with different
superscripts were significantly (p<0.05) different. GNS = grit non-soaking method, GSM = grit soaking
method, MF= maize flour, BPF= baobab pulp flour.

Effect of baobab pulp inclusion on sensory properties of maize flour

Effect of processing methods and inclusion of baobab pulp on sensory properties of
maize based fuwo is presented in Table 4.

Table 4
Sensory properties of fzuwo prepared from blends of maize and baobab pulp flours
2
o = 2 oy
0 s i 5 =
B> o B
232 e = % 5 3 = §
o2 M~ 2 = <] = oY & &
o = S ° o) > =] = g O
<R} &£ ° B S S s 8 8
~ E = B @) ) =3 = = O &
. 8.36% 7.64% 7.76% 7.04%% 7.60% | 7.80%
GNS 100:0 0.76 1.11 0.88 1.10 1.15 1.12
95:5 7.36% 6.16°+ 6.60% 7.04%+ 6.08+ | 6.68>+
) 1.32 2.03 1.68 1.40 2.18 1.68
9010 7.44% 6.125+ 6.56% 6.525+ 5.88%+ | 6.52%
) 1.23 2.11 1.71 1.64 1.88 1.90
. 8.12%% 7.96% 7.44%% 7.44% 7.52% | 7.88%
GSM 100:0 1.09 1.02 1.16 0.92 1.50 1.13
95:5 7.36% 7.36% 6.76%+ 7.08%+ 7.44% | 7.28%%
) 1.25 1.22 1.20 1.32 1.47 1.17
90:10 7.56%+ 7.60% 7.24%c 7.04%% 7.16% | 7.48%+
) 1.12 1.08 1.16 1.59 1.57 1.05

Values are means + standard deviations of 50 scores. Means within a column with different superscripts
were significantly (p<0.05) different. GNS- grit non-soaking method; GSM- grit soaking method; MF-
maize flour; BPF- baobab pulp flour.
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In terms of colour, significantly (p<<0.05) higher scores (8.36 and 8.12 for 100% GNS
and GSM, respectively) were recorded for the control samples. Nonetheless, appreciable high
scores ranging from 7.36 to 7.56 were recorded for samples containing different levels of
BPF. Inclusion of BPF reduced colour acceptability probably because the panelists were
familiar with fuwo prepared from 100% MF. Adejuyitan et al. [14] also reported reduction in
colour acceptability of ogi fortified with baobab pulp. Inclusion of 5 and 10% BPF into MF
produced by GSM method compared significantly (p<0.05) with the control samples in terms
of swallowability. Inclusion of baobab pulp reduced flavour of fuwo probably due to
impartation of sour taste into the product. The control sample produced by GSM method had
highest score for mouldability. This corroborated earlier finding of Bolade [33] who reported
better textural quality for maize based fuwo produced by GSM method. Inclusion of 10%
BPF into MF produced by GSM method gave a fuwo with high mouldability (7.04 to 7.08)
which compared significantly (p<0.05) with the control sample produced by GNS. In terms
of'taste, there was no significant (p>0.05) difference among tuwo samples produced by GSM,
however, inclusion of BPF into MF caused significant (p<<0.05) reduction in taste of fuwo
prepared from blends of BPF and MF produced by GNS method. Similar trend was observed
for general acceptability.

Effect of baobab pulp inclusion on the stability of maize tuwo

Stability (expressed in percentage syneresis) of tuwo as influenced by baobab pulp
inclusion under ambient and refrigeration storage conditions is presented in Table 5. Analysis
conducted immediately after fuwo preparation showed significantly (p<0.05) lower syneresis
for tuwo containing BPF in both processing methods. The same trend was observed
throughout the period of storage for both storage conditions. This could be due to the binding
of water molecules within gel matrix formed between starch molecules of maize flour and
pectin of baobab pulp. Baobab pulp has been reported to be rich in pectin which has high
water binding property [13].

Samples produced using GSM method showed better stability than those produced
using GNS method. For example, at the end of the first day of ambient storage, syneresis
ranged from 5.6 to 16.3% and 2.5 to 10.2% for tuwo produced using GNS and GSM methods,
respectively. Furthermore, syneresis ranged from 2.5 to 14.9% and 1.8 to 2.2% under
refrigeration storage condition for fuwo produced using GNS and GSM methods,
respectively. This could be due to increased gel firmness in tuwo produced by GSM which
could be attributed to reduction in amylopectin crystallization and consequent formation of
amylose matrix gel effected by grit soaking operation [19].

Tuwo stored under refrigerated conditions showed improved paste stability compared
to those stored at ambient condition. Reduced exclusion of water in fuwo stored at
refrigeration condition could be due to reduction in inter and intra molecular hydrogen
bonding which probably caused lower retrogradation rate [34]. For both storage conditions,
syneresis increased with storage time. This is in line with the findings of Yadav et al. [17]
who reported increase in syneresis of banana, potato and rice starch blends with storage time.
However, tuwo samples stored at refrigeration temperature showed a sharp reduction in
syneresis after 4 days of refrigeration. This might be due to reduction in crystallite formation
which probably resulted to reduction in water separation from the gel matrix [19].
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Table 5
Effect of baobab pulp inclusion on the stability of maize fuwo under storage

Processing | MF:BPF Syneresis (%)
method (% w/w) | Day 0 | Day 1 | Day 2 | Day 3 | Day 4 | Day 5
Ambient storage (28+2°C)
7.0 | 16.3% | 19.8+ | 22.5°+ | 3924 | 72.0%

GNS 100:0 1.41 1.27 1.70 1.56 1.41 1.41
7.8 10.1%+ 10.0°+ 5.0 5.9% 60.4%+

95:5 0.28 1.41 1.41 0.57 1.56 1.56
1.0°+ 5.6 12.9°+ 3.5% 4.7% 28.5%

90:10 0.57 1.98 1.41 1.27 1.27 1.84
3.9+ 10.2°+ 18.9°+ 27.7°+ 24.0°+ 33.3%¢

GSM 100:0 0.28 1.70 1.41 1.70 0.71 1.70
1.0+ 2.5+ 17.0°+ 22.8%+ 17.8+ 7.0+

95:5 0.28 1.41 1.41 1.84 1.56 1.41

1.0°t 10.8°+ 12.8%+ 13.9+ 17.8+ 8.9°+

90:10 0.57 1.70 1.41 1.41 1.41 1.56

Refrigeration storage (442 °C)
7.0+ | 14.9%+ | 16.8t 11.0°+ 7.9% 5.0%%

GNS 100:0 1.41 1.70 1.70 1.41 1.56 1.41
7.8%+ 13.8°+ 10.0%+ 16.0°+ 6.9%¢ 5.9+

95:5 1.56 1.70 1.56 1.41 1.41 1.41

1.0+ 2.5% 9.9+ 12.9%+ 7.9+ 5.9+

90:10 0.28 1.56 1.56 1.41 1.41 1.56

3.9+ 2.2 8.9%+ 12.0% 4.0% 2.5%

GSM 100:0 1.56 1.41 0.14 1.41 1.41 0.14
1.0+ 1.8 13.9°+ 21.8% 11.9°+ | 19.6>+

95:5 0.57 1.56 1.41 1.41 1.56 1.13

1.0+ 1.8+ 21.8% 24.0% 24.0% 22.8%

90:10 0.85 1.70 1.70 1.41 1.41 1.56

Values are means + standard deviations of 3 scores. Means within a column with different superscripts
were significantly (p<0.05) different. GNS- grit non-soaking method; GSM- grit soaking method; MF-
maize flour; BPF- baobab pulp flour

Conclusion

Grit soaking operation improved functional and sensory properties of maize flour meant
for tuwo production. In addition, inclusion of baobab pulp enhanced the stated properties of
maize flour produced by both grit soaking and grit non-soaking methods.

Inclusion of 5% baobab pulp gave the best stability of tuwo produced by grit soaking
method while 10% baobab pulp inclusion gave the best stability of fuwo produced by grit
non-soaking method.

Tuwo stored under refrigerated conditions showed better paste stability compared to
those stored at ambient condition.
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Introduction. The aim of the present study is to obtain
enriched in vitamin C yoghurt by direct extraction of rosehip
fruit in cow’s milk.

Materials and methods. Cow’s milk from cows grown
in the Yambol region was used to carry out extraction of
rosehip fruits (R. Caniana). The content of vitamin C in the
yoghurt obtained was determined by the Officials methods of
analysis, 2000, as well as the total number of lactic acid
microorganisms contained according to EN ISO 6610:2006;
ISO 7889.

Results and discussion. The active acidity of the
yoghurt was monitored during both periods of preparation
and storage. At the end of the storage period (14 days), the
active acidity reached pH 4,2-4,3. For the same period, the
vitamin C content was the highest in sample 2 and varied
from 13,65-13,12 mg.g2.

The dry matter content in the yoghurt obtained was
determined. Higher values of dry matter were observed in
samples 2 and 3, with values varying from 12,60% to 13,4%.
The higher values of the dry matter content in the product
were due to the pectin type substances extracted during the
extraction process. The pectin substances extracted into the
milk stabilized the coagulum, improved the taste and the
nutritious value of the yoghurt obtained.

The total number of viable bacteria in the yoghurts
obtained was determined and they were found to increase
during the storage period. The highest total number of viable
lactic acid bacteria was observed for Sample 2-3,6.10%
CFU.g? which is about 10 times more than these in Sample
1 (reference).

Conclusions. The yoghurt obtained by direct extraction
of dry rosehip fruits (Rosa canina L) into cow’s milk at
hydromodule 1:15 possessed the properties of functional
food because of the content of vitamin C in it which varied
from 13,65 to 13,12 mg.g”. The preparation of vitamin C
enriched yoghurt can be used to produce new lactic acid
products providing health benefits.
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Introduction

Yoghurt is highly popular fermented milk product on world scale due to its health
benefits. It is obtained from cow’s milk as a result of acidic coagulation of milk proteins
induced by the lactic acid produced by Streptococcus thermophilus (S. thermophilus) and
Lactobacillus delbrueckii subsp. bulgaricus [17].

It has been established that yoghurt has the same nutritious but higher biologic value
compared to raw cow’s milk. During the process of fermentation by its preparation, a number
of biochemical changes occur which improve the absorption of lactose, lactic proteins and
lactic acid by human organism [18].

The yoghurt consumption is high mainly in the Mediterranean countries, Asia and
Central Europe. In some regions, yoghurt is produced as high viscosity liquid while on others
— in the form of softer gel [8].

Since 2000, the development of new kinds of lactic acid products containing probiotics,
prebiotics and components containing biologically active substances has substantially grown.
Different methods for preparation of milk products enriched in biologically active substances
have been implemented mainly by addition of fruits, vitamins, sweeteners, bee pollen, bee
honey, etc., aiming to increase their biological value. [7, 9]. For the preparation of milk
products enriched in biologically active substances, extracts of various fruits can be added
[4, 24].

The manufacturing of extracts is usually connected with the process of extraction which
leads to obtainment of one or several components from solid or liquid mixture by treatment
with suitable solvent [21]. According to the solvent type, the extraction processes are
classified as aqueous, alcoholic, hydroalcoholic, oil, etc., and according to the process itself
— stationary and non-stationary.

No reports about methods related to direct extraction of fruits in raw milk, extraction of
biologically active substances and manufacturing of enriched by them milk product (yoghurt)
have been found in the literature.

Among plant species, the fruits of rosehip (R. canina) are characterized by high content
of biologically active components, e.g. vitamins (C, B, P, PP, E, K), flavonoids, carotenes,
carbohydrates (mono- and oligosaccharides), organic acids (tartaric and citric acid)
microelements, etc. This is why the fruits are valuable raw material for the food and
pharmaceutical industries and can be used for preparation of enriched extracts [12].

The aim of the present study is to develop a sample technology for production of vitamin
C enriched yoghurt by direct extraction of dry rosehip fruits (R. canina) in raw cow’s milk.

Materials and methods
Materials

For the manufacturing of vitamin C enriched yoghurt, cow’s milk from cows grown in
the region of Yambol was used, with M = 3,6%; pH = 6,6; non-fat residue (NFO) = 8,7%.
The inoculant used was lyophilized starter culture (Lactobacillus delbreukii ssp bulgaricus,
Streptococcus thermophilus), product of “Laktina” PLC, containing lactic acid bacteria more
than 9,5 x 10° CFU.g"\.

The dry rosehip fruits (Rosa canina L.) used were grown in the region of Kyustendil,
Bulgaria, harvested in 2016. Before the extraction, the fruits were washed, dried and ground
to pieces sized 2,0-4,0 mm.
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Methods

A method for preparation of vitamin C enriched yoghurt was developed and it is
presented in Fig. 1. After quality control, acceptance, filtering and standardization of the milk
by fats, stationary extraction of the raw milk with dry rosehip fruits was carried out. The
extraction was performed at two hydromodules (dry rosehip fruits & cow’s milk) 1:15 and
1:20, temperature 0-4 °C and extraction duration 3 hours. At the end of the extraction period,
the milk was filtered and pasteurized at temperature of 70-72 °C for 25 min. the pasteurized
milk was cooled to temperature 44-45 °C and inoculated with lyophilized starter culture
(Lactobacillus delbreukii ssp bulgaricus, Streptococcus thermophilus). The amount of the
inoculant was 4% vs the mass of the milk. The inoculated milk was kept at temperature 42-
45 °C for 3-3,5 hours. After reaching pH 4,6-4,5, the coagulated milk was homogenized
(agitated), divided into portions and cooled to 18-20 °C. The yoghurt obtained was further
cooled and stored at temperature 0-4 °C.

By the same technological scheme, a reference sample of yoghurt was prepared without
extraction.

The samples of yoghurt obtained were analyzed at the moment they were obtained and
then on 3%, 7" and 14" day of their storage. [17, 22].

Quality control, acceptance, filtering
and standardization of the milk by fats

!

Extraction

1

Filtering

Pasteurization

l

Cooling
!

Inoculation with starter cultures Lactobacillus
delbreukii ssp bulgaricus, Streptococcus thermophilus

Thermostating

|

Portioning

y

Cooling

Storage

Figure 1. Sample scheme of the technological operations for production of yoghurt by
extraction of rosehip fruits with cow’s milk
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Chemical methods of analysis

Study of the dry rosehip fruits for their:
—  Content of dry matter,% - [10];
— Titratable acidity,% - [1] ;
—  Ascorbic acid, mg.102. g”!, - [13];
— Tanning matter, % - by exhausting extraction with hot water with reflux and titration
of the extract obtained with 0,1 n KMnOj, and indicator indigo carmine,- [15];
Study of the yoghurt - yoghurt without extraction (Sample 1); yoghurt with extraction of
roschip fruits at hydromodule 1:15 (Sample 2); yoghurt with extraction of rosehip fruits at
hydromodule 1:20 (Sample 3):
Active acidity, pH — potentiometrically, by pH meter (Model MS 2011, Microsyst,
Plovdiv, Bulgaria) equipped with electrode (pH electrode Sensorex, Garden Grove,
CA, USA);
—  Dry matter,% - [5];
—  Ascorbic acid, mg.102. g!, - [13];
—  Number of lactic acid bacteria - [2];

Sensory analysis

The yoghurt obtained was estimated by specialists from the Faculty of Technics and
Technology, Yambol, branch of the Trakia University of Stara Zagora, according to Badawi
et al. [6] by the following properties: taste and flavor, superficies, color and residual taste.

Statistical analysis

The statistical analysis was carried out using OriginPro v.6.1 (OriginLab Corporation,
USA), MS Excel and MS Word (Microsoft Corporation, USA).
Differences were considered to be significant at validity of a=0.95.

Results and discussion

The chemical properties of the dry rosehip fruits used (Rosa canina L) are shown in
Table 1. The rosehip fruits were estimated mainly by the contents of ascorbic acid (vitamin
C), tanning substances and pectin. The fruits can accumulate up to 1000-4000 mg.g 2 ascorbic
acid and 4,5-6,8% tanning substances [3,14,16]. The chemical composition of the fruits
analyzed was comparable with the literary data and the contents of the other components in
other representatives of the same family.

Table 1
Chemical properties of rosehip fruits
Dry Titratable Ascorbic acid, Tanning substances,%
matter,% Acidity,% mg.g”
88,7+ 0,08 2,4+ 0,09 2640,9 = 0,06 5,5+ 0,05
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The high content of ascorbic acid (vitamin C) found in the rosehip fruits has values
(2640,9 mg.g?) which allow using them as additive for preparation of vitamin C enriched
yoghurt.

The active acidity of the yoghurt obtained (Samples 1, 2 and 3) was measured
immediately after its preparation and during the storage period — on 3™, 7" and 14" day
(Fig.2). the values of the active acidity of the yoghurt decreased during the storage, as shown
in Fig.2.

The lower values of the active acidity for Sample 2 on the 10" day (pH 4,2) of the storage
period was most probably due to the biologically active substances and organic acids
extracted from the fruits during the extraction.

The organic acids and pectin introduced during the extraction did not affect the
coagulation process because it has been proved that the stabilization of casein is effective in
the pH interval 3,2-4,7 [11, 23].
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Figure 2. Effect of the storage duration on the active acidity of the yoghurt obtained

Table 3 shows the values of dry matter content in the yoghurt obtained. The dry matter
had higher values for samples 2 and 3 and varied from 12,60% to 13,4%. The higher values
of dry matter content in the yoghurt were due to the pectin substances extracted during the
extraction process. The pectin contained in rosehip fruits varies from 5 to 10% of the absolute
dry matter of the fruit [3]. The pectin substances in the milk improve the nutritious value of
the yoghurt.

Table 3
Dry matter contents in vitamin C enriched yoghurt
Duration Dry matter ,%
of storage, day Sample 1 Sample 2 Sample 3
Fresh 12,1 12,6 13,4
3 12,2 12,7 13,4
7 12,2 12,7 13,4
14 12,2 12,7 13,4
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The content of vitamin C (ascorbic acid) in the yoghurt obtained was studied. It is well
known that the dry rosehip fruit tissue contains 2200 mg.g ascorbic acid which makes it 30-
40 richer in this vitamin compared to red tomatoes and 300 times richer compared to apples
[19].

It is obvious from the results presented in Table 3 that the content of ascorbic acid
extracted during the extraction was the highest in Sample 2 — 13,65 mg.g? and remained
almost the same until the 14" day of storage of the yoghurt.

For the same period, the values of vitamin C content in Sample 3 were 11,45-11,30
mg.g2. The higher vitamin C content in Sample 2 was due to the lower hydromodule used in
the extraction process.
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Figure 3. Effect of storage duration on the vitamin C content in yoghurt

The total number of lactic acid bacteria in the yoghurt obtained was studied. The data
presented in Table 4 showed that the total number of Str. thermophilus, L. delbrueckii
ssp.bulgaricus had not been affected by the extraction of biologically active substances
during the extraction process.

The total number of viable bacteria gradually increased until the end of the storage
period. Higher number of bacteria was observed in Sample 2 compared to the reference
(Sample 1) at the end of the storage. Similar results were obtained by Stijeptic [20] who found
that the yoghurt enriched in combination of whey protein concentrate and 4% honey had the
highest content of lactic acid during the storage period.

As aresult of the studies discussed above, the samples of yoghurt obtained comply with
the requirement of Codex alimentarius for the content of probiotic microorganisms in
inoculated milk products which should contain at least 107 viable cells.

The organoleptic properties of the yoghurts obtained were determined with respect to
their color, taste and fragrance, superficies, residual taste and consistence.
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Table 4
Number of lactic acid bacteria in yoghurt during the storage period
CFU g product CFU g product
Duration of Sample 1 Sample 2
No. storage,d Strepto Strepto
’ Lactobacilli . Total | Lactobacilli . Total
cocci cocci
1. Fresh 1,2.107 4,6107 | 5,8.107 1,2.107 4,6.10" | 5,8.107
2. 3 2,3.108 2,1.10° | 2,3.10° 2,4.108 2,8.10° | 3,04.10°
3. 7 1,1.108 1,0.10° | 1,1.10° 1,2.108 1,3.10° | 1,4.10°
4. 14 2,6.10° 3,2.10% | 3,5.107 2,5.107 3,4.10% | 3,6.10°

Table 4 (continue)

CFU g product
No. | Duration of storage,d Sample 3
Lactobacilli Strept'o Total

cocci
1. Fresh 1,2.107 4,6107 | 5,8.107
2. 3 2,1.108 2,6.10° | 2,8.10°
3. 7 1,1.108 1,4.10° | 1,5.10°
4. 14 2,3.107 3,1.10% | 3,3.10%

The yoghurt Sample 2 obtained was given higher values for taste and flagrance,

superficies and consistence compared to Samples 1 and 2 (Fig.4). The yoghurt Sample 2
had thicker consistence and more pronounced taste and flagrance. For Sample 2, residual
taste of rosehip was perceived as a result of the extraction carried out but it didn’t worsen

the yoghurt taste.
color
texture taste and
aroma
Sample 1
= = =Sample 2
eeeeee Sample 3
residual taste i
superficies

Figure 4. Organoleptic estimation and sensor profile
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Conclusion

The yoghurt obtained has properties of a functional food resulting from the direct
stationary extraction of dry rosehip fruits (Rosa canina L) in cow’s milk at two hydromodules
1:15and 1:20 .

The active acidity of the yoghurt was established in both periods of preparation and
storage. At the end of the storage period (14" day), the active acidity reached pH 4,2-4,3. For
the same period, the content of vitamin C was the highest in Sample 2 and varied from 13,65-
13,12 mg.g>.

The total number of viable bacteria in the yoghurts obtained was determined and the
values of this indicator were found to gradually increase during the storage period; for Sample
2 it was 3,6.10% CFU.g? which is 10 times higher than that of Sample 1 (reference). It makes
the yoghurt obtained an useful and healthy dairy product.

The direct extraction of dry rosehip fruits in raw cow’s milk improves the organoleptic
properties of the yoghurts obtained.

The preparation of vitamin C enriched yoghurt by direct extraction of fruits can be used
for manufacturing new lactic acid products with health benefits.
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Introduction. We analyzed the antimicrobial and antifungal
activity of samples of the preparation of KTIOL-BF on standard and
resistant test strains of microorganisms. The aspects of microbiology
and the systemic concept of health are considered.

Materials and methods. Strains of Gram-positive and Gram-
negative microorganisms were used: S. aureus, S. saprophyticus, E.
coli, P. aeruginosa, S. Epidermidis, and C. albicans fungi. Model
drugs based on pyruvic extracts have been studied. The method of
diffusion of substances into agar was used to determine the activity
of drugs in relation to strains..

Results and discussion. The present state of physical,
psychological and social existence of a person contributes to the
accelerated proliferation of pathogenic microorganisms and the
emergence of a resistant microflora. In recent years, almost everyone
suffers from fungal diseases. The problem of health and healthy
lifestyle is topical. Global is the problem of providing humanity with
food.

Considered aspects of microbiome (endoecological aspectsT he
importance of intestinal microbiota in human health and
pathophysiology is indisputable.

Suggested the systemic concept of health (The systems KTIOL®:
10 Basic Provisions for Prevention, Recovery, Treatment and
Rehabilitation).

The tested microorganisms were sensitive to model specimens of
the preparation KTIOL-BF (BF1-BF20). Samples of BF2, BF12,
BF17 were found to be the most effective for the S. Saprophyticus
test strain. It was found that the S. epidermidis test-microorganism
was the most effective for the sample of the preparation BF34 (growth
retardation zone was 30.40 + 1.29 mm). The highest antifungal
activity was found in samples of KTIOL-BF: BF33, BF37.
Mushroom growth zones were respectively 20.76 + 1.65 and 22.62 +
1.44 mm.

The samples of the KTIOL-BF: BF-70, BF-87, BF-92 were shown
to have a high inhibitory effect on clinical resistant strains of
microorganisms. The diameter of the inhibition zone of resistant
strains in KTIOL-BF87 was 22.17 mm; the diameter of the PVI
control sample was 13.05 mm.

Conclusions. The raised antimicrobial and antifungal activity of
KTIOL-BF preparations in relation to gram-positive and gram-
negative microorganisms, C. albicans fungi and resistant strains (PVI
control) were revealed.
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Introduction

In the complex environmental and economic conditions of today, scientific and practical
substantiation of the technologies of functional products, food supplements and preparations
of gerontological and ophthalmologic direction is necessary [1,2,3]. At the same time, it is
urgent to improve the concept of the endoecology of health as regards prevention,
rehabilitation, treatment and rehabilitation of humans [4]. The present state of physical,
psychological and social existence of a person contributes to the accelerated proliferation of
pathogenic microorganisms and the emergence of a resistant microflora. This microflora
interacts with human saprophytic microbes and can affect our physical health. Saprophytic
microbes are trillions of microbes living on the surface and inside our body.

The review [5] substantiates the possibility of using plant products as antimicrobial
agents. In recent years, the accelerated use and search of drugs and dietary supplements
derived from plants. According to the author, it would be useful to standardize in vitro
methods of extraction and testing for more systematic searching and ease of interpretation of
results.

The study [6] confirmed the strengthening of the resistance of the microflora and drug
strains to antibiotics and antiseptics, and, as a result, an increase in the incidence of secondary
and postoperative infections.

The purpose of the study is to detect the antimicrobial and antifungal activity of the
model specimens of the KTIOI-BF series and to present the basic provisions of the systemic
health concept (KTIOL® system).

Ten health problems affecting half the planet's population. The World Health
Organization (WHO) experts have announced a five-year strategic plan [7] aimed at helping
the three billion people without access to universal insurance and quality health services. As
part of the project, WHO experts called the main threats to the health of the planet's
population. In particular, the following 10 problems:

1. Air pollution.These air is breathing today 9 of 10 people;

2. Non-communicable diseases (diabetes, cancer or heart failure);

3. The danger of a global flu pandemic. Experts do not exclude that a large-scale

epidemic can burst at any moment .;

4. Severe and life-threatening conditions (crises, wars, natural disasters, etc.)

endanger the 1.6 billion people (almost 22% of the planet's population);

5. The growth of bacteria resistance to antibiotics does not allow to eradicate
tuberculosis and other dangerous diseases;

Ebola fever has not yet been cured,;

7. Serious threats to humanity are the poorly developed system of primary care, which

is typical of many poor countries;

8. Negative people's attitude to immunization (according to WHO data, the number

of cases of measles has grown by 30% recently);

9. Dengue infectious fever (up to 390 million infected per year);

10. Undefeated opponent - HIV.

Aspects of quality, safety and packaging of food and functional products. In today's
social conditions, as before, the problem of health and healthy lifestyle is topical. After all,
most people understand that products and preparations (biologically active ad ditives) should
not only be tasty, but functional and safe.In particular, in Japan, the European Union, and the
United States, especially in the context of public health, a healthy, creative and active lifestyle

[8].

a
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In the world one of the global concerns is the supply of humanity with food, which is
connected with annual population growth and global warming of the climate, resulting in
reduced areas of cultivated soils. It is important not only to find available sources of food
supply but also to create such products that are safe and balanced by the chemical
composition of nutrients [8, 9, 10].

According to the data of the group of scientists on the problem of healthy eating [11] it
is expedient to introduce in rations all categories of the population, the nutrients enriched
with vital, food plants, seafood, etc.).

Innovative pharmacokinetic products, drugs based on medicinal and food plants and
auxiliary active ingredients are presented in [1, 4, 9, 12].

In recent years, almost everyone suffers from fungal diseases, and these diseases are not
treated with pharmacy drugs. Doctors recommend abandoning the modern (yeast) wi shop
bread. The use of yeast bread can lead to various types of intoxication, fungal diseases,
immune disorders, chronic and other diseases [13].

In study [14] methodology for testing natural compounds for determination of
antifungal activity had been developed with adaptations. The most used are bioautography
and agar diffusion with a complex and no defined media. In this study, different methods for
determination of antifungal activity of natural products are discussed, and the use of M27-
A2 microdilution test from CLSI (Clinical and Laboratory Standards Institute, 2002), a
methodology for testing plant extracts activity is recommended as a baseline.

The most common and dangerous defeat of the crumb of bread is potato disease. With
the development of the disease, the breadcrumb acquires a hue of rotting fruit, etc. The
disease is caused by the bacterium Bacillus subtilis - potato stick. Its spores are harmless, but
at a temperature of about 40 ° C, combined with humidity and low acidity, they develop into
dangerous microbes.

White bread has a shelf life of not more than 24 hours after preparation. In rye bread,
these bacteria do not multiply due to high acidity. The quality of baked bread should be
monitored by manufacturers. It is advisable for buyers to purchase some bread and store them
in “breathing” fabric bags in a cool place. Affected bread cannot be eaten categorically [15].

As a result of the systematic, integrated approach to the innovative technologies of
bakery industries and new types of products with respect to their quality and safety [16, 17]
developed the composition of polycomponent oxidants "Optical 1" and "Optical 2". Their
influence on the length of the technological process, the influence of additives on the
biochemical, microbiological, structural and mechanical properties of the dough and bread
from the mixture of rye and wheat flour has been revealed. The new types of rye-wheat bread
"Metropolitan Symphony" and "New Metropolitan Symphony" [18] were developed and
introduced into the recipes and technological instructions on the basis of performed
experimental research.

Microbiological studies of inhibitory action on some pathogens based on films with
polyvinyl alcohol with nanoparticulate TiO2 powder are presented in [19]. It was found that
the best method was to treat films of TiO2 (2.5%) with UV radiation. Solutions with TiO2
did not inhibit mushroom and yeast activity. TiO2 applied to the film inhibits the growth of
bacteria (E. coli IEM-1, B. subtilis BT-2), growth retardation was not observed.
Antimicrobial (TiO2) and other substances to enhance the nutritional value of products
(vitamins C, F, fruit and vegetable powders, probiotics and elamine) should be used to
provide the functional properties of biodegradable materials. A draft technical specification
for food products has been developed.
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It is known that lactic acid bacteria (LABs) produce various antimicrobial compounds
and play an important role in bioconservation of food and feed. LABs are of particular interest
as a body of biosecurity [20].

In [21], on the basis of integrated feedbacks of wheat bread with edible coating and
probiotic microorganisms, the improvement of bread quality was determined by organoleptic
and microbiological parameters.

Thus, the protection of products in food technologies using a bioecological design in
the form of high-quality and safe edible films or coatings is appropriate and relevant.The
community of microorganisms formed during a person's life is a complex dynamic
microecosystem whose change in composition can lead to illness of the oral cavity [22,23].

The increasing clinical and microbiologic resistance of Candida spp. isolates to
several antifungal agents are becoming a serious problem. It is now reasonable to propose
the use of antifungal susceptibility testing in Candida spp. isolates from patients who have
failed conventional therapy, before the selection of empirical therapy. The good diffusion
test is simple, easy to reproduce, inexpensive, easy both to read and interpret and has a good
correlation to the reference NCCLS microdilution test and may represent an alternative
method for antifungal drug susceptibility testing of Candida spp., mainly in laboratories
with few resources [24].

In [25]studed of antimicrobial and antifungal activity of different concentrations of the
drug on the representative's oral microflora. It was concluded that the drug has antibacterial
activity, and it is not selective. An increase in antimicrobial activity was observed with an
increase in the concentration of the drug. Antifungal has indicated the effect of high
concentrations of the drug.

The diverse collections of microorganisms associated with humans and other animals,
collectively referred to as their “microbiome,” are critical for host health, but the mechanisms
that govern their assembly are poorly understood. This has made it difficult to identify
consistent host factors that explain variation in microbiomes across hosts, despite large-scale
sampling efforts. These results illustrate the importance of microbial dispersal to animal
microbiomes and motivate its integration into the study of host—microbe systems [26].

Repair of tissue wounds is a fundamental process of restoring the integrity of tissues
and regular function. It is important that infection is a major contributor to wound healing.
Multicellular organisms have developed an arsenal of host defense molecules, including
antimicrobial peptides (AMPs), aimed at controlling the proliferation of microbial organisms
and modulating the host's immune response to a variety of biological or physical stroke. The
role of AMR as endogenous wound healing mediators and their promising therapeutic
potential for the treatment of skin-friendly skin and other epithelial injuries is showing [27].

According to the author's team [28], the importance of intestinal microbiota in human
health and pathophysiology is indisputable. Despite the abundance of metagenomics data,
the functional dynamics of gut microbiota in human health and disease remain elusive.
Urolithin A (UroA), a major microbial metabolite derived from polyphenolics of berries and
pomegranate fruits displays anti-inflammatory, anti-oxidative, and anti-ageing activities.
Cumulatively, the results highlight how microbial metabolites provide two-pronged
beneficial activities at gut epithelium by enhancing barrier functions and reducing
inflammation to protect from colonic diseases.

Systemic concept of health (The systems KTIOL®: 10 Basic Provisions for
Prevention, Recovery, Treatment, and Rehabilitation). The study of antimicrobial and
antifungal model samples of drugs is based on the theory and practice of using KTIOL-I and
KTIOL-II systems [1, 3, 4, 8, 9, 12].
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The preamble to the Charter of the WHO states that health is not only a lack of illness
or physical defects but a state of complete physical, mental and social well-being. That is,
health is the living conditions of the Personality when all organs fulfill their vital functions.

The system KTIOL-I (Comprehensive Technologies, Engineering, Equipment, Lines)
was initially aimed at the synthesis of lipid-containing products of special purpose. Thus,
based on the use of a systematic approach and analysis of identified problems, effective
products, materials, drugs were created. In particular, for the oil and oil, petrochemical and
metallurgical industries, the lipophilic substitute for palm oil K2, the lubricating and cooling
technological equipment, technological and special mea m users correct twice as many
mistakes as free users, on average: T6P, TVS, KTIOL-76, 77, 15. For the production of a
range of special paste made of micron artificial diamonds and/or carbide - titanium fractions
justified the use of hydrophilic - lipophilic systems based on oil, fatty, and substitutes of a
number of KTIOL®.

Basic principles of the system KTIOL-I are:

— providing the structure of the product (preparation) on the micro and nano levels;

— ecological and economic efficiency;

— a systematic approach to the methodology of safe food production, pharmaceutical
and cosmetic products and drugs.

The system of KTIOL-II (Integrated therapy of individual health improvement) was
started by analyzing indicators of quality and safety of water, food products, nutritional
supplements and preparations, environmental and endoecological aspects of personal health.

The system KTIOL-II includes the following provisions (keywords and phrases):

A. Hygiene of thoughts. This is a positive, critical, rational thinking.

B. With Prevention. This is self-monitoring and periodic systemic examinations:
ophthalmologic, dental, endoecological, electrocardiographic, gerontological, control of the
body mass index, blood control for cholesterol, sugar, iodine, etc. It's time to spend time on
your own health;

C. Water for health. Drinking water for consumption in a set of indicators should meet
international standards of quality and safety. Drinking water of high quality should be
specially prepared. The water that we constantly consume and in the required amount
(approximately 30 ml per kg body weight) should be a healing o-treatment. Quantity,
conditions and time of consumption of good water are specified individually and seasonally.
Good water has a positive effect on the quality of blood, on metabolic processes in the body
and, accordingly, on the improvement of the health of the person;

D. Healthy eating. This is food therapy and a correct, individual gerontological
balanced diet. Given the age, profession, state of the organism, active and creative life,
nutrition in the realities of the present must be individually oriented: preventive, recreational,
health-curative, medical and rehabilitation. Everyone should be identified and give up
inappropriate food. It should also be remembered that vitamins that come from food are very
important biological compounds for the normal functioning of all systems of the body.

In today's ecological and social conditions, people are beginning to think about the
quality and safety of food in public and fast food establishments. In place of fast food, there
are lay-foods — institute ions of leisurely wellness nutrition. It is known that the health or
illness of a person depends, besides other factors, whether it eats the bacteria fermenting or
rotting, and also consumes enough food with enough food fibers;

E. Healthy breathing.

F. Motion is life. More physical exercise in the wild should be used: walking,
swimming, water excercises, active walks, Nordic walking, ball games, yoga exercises, etc.
All these individual excercises contribute to the improvement of the organism and its
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immunity, especially in clear sunny weather. Keep track of your feelings, control your own
pulse, the frequency of breathing, relax in time;

G. Microbial - is an individual, diverse collection of microorganisms in the body
(preferably without their resistance). The microbial condition in the body is influenced by a
healthy, active lifestyle, water, nutrition therapy, acid-base balance control, personal know-
how, etc.);

H. Massage. Massages are known to be used for daily activation of the body and
prevention. In particular, morning (immediately after sleep), general, local, point (for
example points E-36, GI-4, etc.), combined and special. Massages significantly contribute to
strengthening the body's protective forces;

I. Individual know-how: personal and/or based on the use of the systemic health
concept (KTIOL® system). This is the personal possession of tech, that is, knowledge, skill
(skills, experience) and individual art with respect to its organism, self-control, self-
perfection, and management of its own microbiome.

From the above provisions, we see that in addition to the hygiene of thoughts,
systematic prevention, and improvement of the body, changes in nutrition and the influence
of other factors, each person for the individual physical and mental well-being must have a
high level of quality and safe microbial.

Materials and methods

Materials to be explored

Strains of Gram-positive and Gram-negative microorganisms were used: S. aureus
(ATCC 6538), S. saprophyticus (ATCC 15305), E. coli (ATCC 25922), P. aeruginosa
(ATCC 9027), S. Epidermidis and C. albicans fungi. The density of the microbial suspension
was determined according to the standard of turbidity 0,5 by McFarland (equal to 1.5x108
colony-forming units (CFU)/ml).

The study used samples of KTIOL-BF series. These functional and antioxidant drugs
have been obtained on the basis of the systemic concept of health. The drugs of KTIOL-BF
(biologically functional) series were used as model samples [4, 8].

Povidone-iodine, PVI (e.g., BETADINE, which is based on a solution of povidone-
iodine, surface-active and auxiliary substances) were used as a control.

Research order

—  Methodology analysis

—  Preparation of exploratory strains of Gram-positive and Gram-negative
microorganisms, model preparation of KTIOL-BF series and control drug

—  Execution of planned research, processing and discussion of the results, conclusions.

Evaluating research results

According to the diameter of the microbial growth inhibition zone the following degrees
of susceptibility to the antibacterial solutions were adopted:
— highly susceptible to drug sample — if the diameter of the growth inhibition zone of
microorganisms exceeded 20 mm;
— susceptible if the diameter was from 14 to 20 mm;
— low susceptible - from 8 to 14 mm.
All tests were performed triplicate, and average values were recorded.
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After the second layer of the agar was sealed, the cylinders were also removed in the
formed wells; the samples of the investigational drugs were 0.3 = 0.03 ml. In one cup, Petri
studied the activity of four or five different samples.

The seeds were incubated at 37 © C. for 48 hours. The results were determined in the
presence of zones of growth retardation test-microorganisms, which were clearly visible
around the walls.

By the degree of sensitivity of microorganisms to antibacterial solutions, we measured
the diameter of the zone of suppression of microorganisms.

As a scientific and practical basis in the planning and implementation of this study, the
systemic concept of health [4, 8] was used. This concept includes two systems of KTIOL.

Antimicrobial activity screening of KTIOL-BF against Candida spp.

The objects of study were KTIOL-BF numbered from 1 to 37. The antimicrobial activity
screening of KTIOL-BF against Candida spp. According to WHO recommendations the test-
strain C. albicans ATCC 885-653 was used to investigate their antifungal effects.

In vitro studies were conducted using the wells method. Standardization of the
substances diffusion into agar was provided using the thickness of nutrient media of 10 mm
and the size of well 6 mm. A suspension of the daily culture of the test microorganism was
added at a concentration of 10” CFU/ml, which was determined by optical turbidity standard
by McFarland. After inoculation of the test-strain onto the nutrient medium, the wells were
filled with drops of BF. Further, Petri dishes were placed in an incubator at 37 © C. After 24
hours the results were registered by measuring the diameters of microbial growth inhibition
around the well in millimeters. The evaluation of fungal susceptibility was performed
according to the following criteria:

the absence of inhibition zone and zone up to 10 mm were evaluated as unsensitivity of
C. albicans to KTIOL-BF;

— the inhibition zone from 11 tol5 mm — low sensitivity of test-strain to BF;
— the inhibition zone from 15 to 20 mm — sufficient sensitivity of test-strain to BF;
— the inhibition zone more then 20 mm — high sensitivity of test-strain to BF.

Povidon-iodine was used as a positive control.

The antifungal activity of each substance was checked out 10 times. Statistical analysis
of the obtained results was carried out by the method of variation statistics.

Results and discussion

Taking into account the principles of the systemic concept of health and the
physiologically functional system of KTIOL-II, samples of type KTIOL-BF [4, 8] included
hydrophilic lipophilic extracts from plant and/or animal raw materials, antioxidants,
biologically active and auxiliary components. The results of the study are presented in Tables
1,2,3 and 4.
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Table 1
Research of model samples of KTIOL-BF (BF1-20)
Microorganisms / growth retardation zone, mm
KTIOL-BF | Gram-positive microorganisms | Gram-negative microorganisms
S. aureus | S. saprophyticus E. coli P. aeruginosa
BF1 12,25+1,07 16,81+1,08 12,40+1,50 12,63+1,71
BF2 12,41£1,50 20,25£1,16 12,71+1,34 13,45+1,57
BF3 11,78+1,83 16,57+1,80 11,49+1,67 11,86+1,92
BF4 12,65+1,54 12,24+1,64 15,73+1,58 14,58+1,34
BF5 10,54+1,56 14,12+1,73 10,08+1,73 13,44+1,39
BF6 14,07+1,08 18,46+1,24 14,54+1,60 14,46+1,68
BF7 13,60+1,81 16,58+1,75 10,41+1,47 12,18+1,81
BF8 14,69+1,06 16,47+1,24 13,80+1,08 14,72+1,08
BF10 11,58+1,72 11,51£1,45 13,35+1,53 12,54+1,37
BF11 14,03+1,59 13,72+1,87 13,43+1,51 12,67+1,65
BF12 16,27+1,62 20,49+1,39 22,13£1,73 20,43+1,60
BF13 12,29+1,58 13,36+1,56 12,04+1,94 11,86+1,53
BF14 11,90+1,90 13,80+1,09 12,06+1,87 11,74+1,76
BF15 12,72+1,65 11,71£1,63 10,08+1,54 13,40+1,35
BF16 16,47+1,43 15,76%1,69 12,82+1,08 14,87+1,25
BF17 14,20+1,82 20,47+1,23 16,32+1,55 12,48+1,70
BF18 12,09+1,08 15,41+1,83 12,49+1,39 12,28+1,64
BF19 16,53+1,87 17,56+1,62 16,34+1,65 18,36+1,52
BF20 16,98+1,04 15,71£1,09 14,49+1,82 12,46+1,09
Table 2
Research of model samples of KTIOL-BF (BF 23-39)
KTIOL- Microorganisms / growth retardation zone, mm
BE-: Gram-positive microorganisms Gram-negative microorganisms
' S. aureus | S. epidermidis E. coli | P. aeruginosa

BF23 16,56+1,28 20,09+1,67 14,72+1,54 16,53+1,09

BF24 12,80+ 1,52 13,93+1,82 14,56+1,20 12,80+1,41

BF25 18,27+1,71 14,08+1,30 16,49+1,85 0

BF26 14,53+0,57 15,42+1,43 14,60+1,63 0

BF27 16,39+1,71 16,47+1,84 13,82+1,67 0

BF28 17,57+1,64 18,09+1,41 16,87+1,72 0

BF29 18,45+1,60 24,53+1,39 14,81+1,40 16,70+1,84

BF30 15,71+1,79 20,47+1,68 12,49+1,71 14,39+1,60

BF31 14,70+1,36 18,60+1,72 11,62+1,83 13,81+1,72

BF32 18,37+1,59 27,49+1,74 16,83+1,80 18,71+1,41

BF33 14,40+1,73 18,71+1,52 17,29+1,73 12,84=1,60

BF34 0 0 0 30,40+1,29

BF35 19,61+1,80 20,58+1,40 18,59+1,42 18,61%1,67

BF36 15,72+1,71 14,55+1,60 15,81£1,56 12,73£1,34

BF37 16,76+1,43 20,70+1,32 13,67+1,75 12,55+1,39

BF38 12,59+1,27 16,72+1,38 10,20+1,09 0

BF39 14,82+1,67 17,86+1,81 12,57+ 12,48+1,46

BF40 12,80+1,52 14,07+1,86 11,50+ 0

PVI 11,86+1,39 11,57+1,81 0 0
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Table 3

Degree of susceptibility of the C. albicans ATSC 885-653 to the tested KTIOL-BFs

N | KTIOL-BF: | Zone of growth inhibition, mm lC).eflrIf;;:ss‘:;‘g’é‘gg‘st_y(sgg
1 | BF1 12,12+1,09 low sensitivity

2 | BF2 12,14+1,34 low sensitivity

3 | BF3 14,07+1,53 low sensitivity

4 | BF5 12,05+1,56 low sensitivity

5 | BF6 13,45+1,72 low sensitivity

6 | BF7 14,06+1,64 low sensitivity

7 | BF8 16,05+1,52 sufficient sensitivity
8 | BF10 10,06+1,46 no sensitivity

9 | BF11 12,42+1,24 low sensitivity
10 | BF12 17,38+1,92 sufficient sensitivity
11 | BF13 10,08+1,48 no sensitivity

12 | BF14 12,24+1,32 low sensitivity

13 | BF15 9,84+1,89 no sensitivity

14 | BF16 14,24+1,43 low sensitivity

15 | BF17 13,83+1,08 low sensitivity

16 | BF18 12,05+1,59 low sensitivity

17 | BF19 15,82+1,44 sufficient sensitivity
18 | BF20 16,04+1,81 sufficient sensitivity
19 | BF23 12,65+0,98 low sensitivity
20 | BF24 18,42+1,59 sufficient sensitivity
21 | BF25 15,93+1,57 sufficient sensitivity
22 | BF26 11,83+1,28 low sensitivity
23 | BF27 16,07+1,52 sufficient sensitivity
24 | BF28 15,75+1,46 low sensitivity
25 | BF29 17,61£1,88 sufficient sensitivity
26 | BF30 16,64+1,34 sufficient sensitivity
27 | BF31 13,72+1,08 low sensitivity
28 | BF32 18,04+1,43 sufficient sensitivity
29 | BF33 20,76+1,65 sufficient sensitivity
30 | BF34 0 no sensitivity

31 | BF35 18,29+1,37 sufficient sensitivity
32 | BF36 15,82+1,72 low sensitivity
33 | BF37 22,62+1,44 sufficient sensitivity
34 | BF38 17,31£1,90 sufficient sensitivity
35 | BF39 17,55+1,31 sufficient sensitivity
36 | BF40 17,09+1,69 sufficient sensitivity
37 | PVI 14,02+1,87 low sensitivity
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Table 4

Testing of KTIOL-BF specimens on clinical polyresistant strains
KTIOL-BFN]| E. coli | P.aeruginosa |S. aureus 5|S. aureus 6(S. aureus 5| Citrobacter

- - 3 | .8 | .8 5 @

S| 5% | 523853853 2 2

g = = £ -3 58| €53 253 o =

E ma¥ |c§%| 0" |0E"] & =

= 7} 7} xn N
BF70 24 18 18 22 20 20 20,3
BF§2 14 18 10 18 12 14 14,33
BF83 14 16 10 12 0 14 11
BF87 26 20 21 20 22 24 22,17
BF88 18 0 16 15 16 - 13
BF89 20 16 13 12 14 20 15,83
BF92 24 16 20 22 22 20 20,67
BF93 22 16 14 18 18 14 17
BF98 18 18 24 16 18 16 18,33
BF99 22 22 22 18 16 16 19,33
PVI 12 10 14 18 12 12

14 10 12 15 10 10

12 10 20 18 12 14
In 12,66 10 15,33 17 11,33 12 13,05
average:
PVI

As shown in the results obtained (Table 1), the samples of the KTIOL-BF sample tested
with the antimicrobial activity of different strength were relatively promising test
microorganisms.

Samples of the KTIOL-BF (BF1-BF20) to which test-microorganisms were susceptible
were detected. Samples of BF2, BF12, BF17 were found to be the most effective for the S.
Saprophyticus test strain. The growth retardation zones of S. saprophyticus were respectively
20.25+1.16, 20.49 + 1.39 and 20.47 £ 1.23 mm.

Based on the results of the analysis of Table 2 data, samples of KTIOL-BF (BF23-
BF39) showed the antimicrobial activity of varying strength in relation to the proposed test
microorganisms.

The test strain of S. epidermidis was insensitive to only 2 drugs: BF24, BF34. It was
found that the S. epidermidis test-microorganism was the most effective for the sample of the
preparation BF34 (growth retardation zone was 30.40 £ 1.29 mm). But to other test strains,
this sample was inert.

Good antimicrobial activity among others was demonstrated by BF32 and BF35. The
PVI control test was low-susceptible to gram-positive and non-susceptible to gram negative
test microorganisms.

The KTIOL-BF (BF1-BF39 specimens) have also been shown to have antimicrobial
activity in relation to the C. Albicans ATCC 885-653 microbial test strain (Table 3). The test
strain was insensitive to only 4 KTIOL-BF specimens (BF10, BF13, BF15, BF34). The C.
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albicans anti-yeast fungi were KTIOL-BF samples: BFS, BF12, BF17, BF19, BF24, BF28,
BF29, BF30, BF32, BF35, BF37. The inhibition zones of fungal growth were 13,25 + 1,19
mm on average. The highest antifungal activity was found in samples of KTIOL-BF: BF33,
BF37. Mushroom growth zones were respectively 20.76 + 1.65 and 22.62 + 1.44 mm.Test
strain C. Albicans ATCC 885-653 was sensitive to 5% of PVI (Povidone-iodine) in the low-
grade - 12.09 + 1.92 mm.

According to Table 4, according to the diameters of the inhibition zone of resistant
strains of microorganisms, the following is observed.

Samples of KTIOL-BF: BF-82, BF-89, BF-93, BF-98, BF-99 were sufficiently
susceptible to the diameter of the inhibition zone of growth of microorganisms. The high
susceptibility of resistant strains to samples of KTIOL-BF: BF-70, BF-87, BF-92 was
revealed. The best sample of KTIOL-BF87 (22.17 mm) was the best in the largest diameter
of the inhibition zone of resistant strains of microorganisms from the three samples of
KTIOL-BF (BF-70, BF-87, BF-92).

The average diameter of the zone of inhibition of growth of microorganisms in the
control sample PVI was 13.05 mm, that is, the inhibition of growth of microorganisms was
low in susceptibility.

time the possibility of high antimicrobial action of samples of the preparation of
KTIOL-BF32 and38 on the E. coli strain (30 mm growth retardation diameter) was
confirmed.

It was found that samples of the KTIOL-BF model preparations compared with the
control agents (BETADINE /PVI, Chlorophyllipt) showed higher and good antimicrobial pro
perties for S. Aureus, S. Saprophyticus, E. coli, P. Aeruginosa, and integral strains.

The obtained data confirmed the expediency of further in- depth studies of antimicrobial
and antifungal activity of hydrophilic and/or lipophilic drugs of a number of KTIOL in the
systemic concept of health, in particular in the treatment of ophthalmic and gerontological
prophylaxis, treatment and rehabilitation.

Conclusions

On the basis of analytical and experimental research, new data on the antimicrobial
properties of samples of model preparations of KTIOL-BF on the basis of two-phase extracts
from animal and plant raw materials were obtained.

For the first time, the possibility of high antimicrobial action of samples of the
preparation of KTIOL-BF32 and38 on the E. coli strain (30 mm growth retardation diameter)
was confirmed.

It was found that samples of the KTIOL-BF model preparations compared with the
control agents (BETADINE /PVI, Chlorophyllipt) showed higher and good antimicrobial pro
perties for S. Aureus, S. Saprophyticus, E. coli, P. Aeruginosa, and integral strains.

The obtained data confirmed the expediency of further in- depth studies of antimicrobial
and antifungal activity of hydrophilic and/or lipophilic drugs of a number of KTIOL in the
systemic concept of health, in particular in the treatment of ophthalmic and gerontological
prophylaxis, treatment and rehabilitation.

80 ——Ukrainian Journal of Food Science. 2019. Volume 7. Issue 1



(9]

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Food Technology ——

References

Oseyko M.L (2008), Gerodiyetichni produkty, BAD i geroprotektory v sisteme KTIOL,
Molochnaya promyshlennost', 3, pp. 51-56.

Nikberg LI (2011), Functional foods in the structure of modern power, International Journal of
Endocrinology, 6(38).

Oseiko N.I., Shevchyk V.I (2015), Gerontological aspects of prevention of ophthalmic diseases
in the system KTIOL II, Pharmacology, Pharmaceutical Technology and Pharmacotherapy in
Active Longevity: a book of abstracts of the Il International Scientific Conference, OIHN, Vilnius,

60, p. 46.

Mykola Oseiko, Vasyl Shevchyk, Tetiana Romanovska (2017), Functional products and
preparations in the systemic concept of health, Ukrainian Food Journal, 6(4), p. 661-673.

Cowan M.M., (1999), Plant products as antimicrobial agents, Clin.Microbiol. Rev., 12:564-582.
Willy Chin, Guansheng Zhong, Qingin Pu (2018), A macromolecular approach to eradicating
multidrug-resistant bacterial infections while mitigating drug resistance onset, Nature

Communications, 9, Article number: 917.

WHO has named the main threats to the health of people affecting half the planet's population
(2019), Available at https:/politeka.net/zdorovye/880575-voz-nazvala-glavnye-ugrozy-
zdorovju-ljudej-v-opasnosti-3-milliarda/ 20.01.2019.

Oseyko M., Romanovska T., Shevchyk V. (2017), Funktsional'nyy produkt v kontseptsiyi
endoekolohiyi zdorov"ya (Functional products in endoecology health concepts), Scientific Works
of NUFT, 23(3), p. 192-203.

Oseyko N.L (2006), Tekhnolohiia roslynnykh olii, Varta, Kyiv.

Romanovska T.1. (20006), Fizyko-khimichni aspekty kharchovykh tekhnolohiy, Naukova dumka,
Kyiv.

Tutel'yan V.A., Vyalkov A.L, Razumov A.N., et ai. (2010), Nauchnye osnovy zdorovogo
pitaniya, Panorama, Moscow.

Mykola Oseyko, Vasyl Shevchyk, Olena Pokryshko (2018), Antimicrobial properties of model
drugs in the systemic concept of health, Ukrainian Food Journal, 7(3), p. 434-442.

Magazinnyy drozhzhevoy khleb nanosit vred zdorov'yu (2018), Sudebno-yuridicheskaya gazeta /

Store yeast bread harms the health (2018), Judicial and Legal Newspaper, 12-14 (431-433) April
9, Available at https://sud.ua/ru/news/obshchestvo/117277-chem-opasen-khleb-iz-magazina-
vrac h-obyasnil
The use of the standard methodology for determination of antifungal activity of natural products
against medical yeasts candida sp and cryptococcus sp. (2007), Liliana Scorzoni,Tatiane
Benaducci, et al., Brazilian Journal of Microbiology 38, pp. 391-397.

Kogda khleb stanovitsya opasnym dlya zdorov'va / When bread becomes hazardous to health

(2019), Available at: https://ukrhealth.net/mediki-poyasnili-koli-xlib-staye-nebezpechnim-dlya-
zdorovya45754/

Syl'’chuk T.A. Drobot V.I. Antonyuk M. (2005), Obrobka zhytn'o-pshenychnoho khliba,
Khlibopekars'ka i kondyters'ka promyslovist', 1, pp. 3-5.

Drobot V.I., Hryshchenko A.M., Syl’chuk T.A. (2016), Innovatsiyni tekhnolohiyi diyetychnykh
ta ozdorovchykh khlibobulochnykh vyrobiv: monohrafiya, Kondor, Kyiv.

Sylchuk T., Bilyk O., Kovbasa V., Zuiko V. (2017), Investigation of the effect of multicomponent
acidulants on the preservation of freshness and aroma of rye-wheat bread, Eastern-european
Journal of enterprise technologies, 5/11(89), pp. 4-9.

Anastasiya Chorna, Oksana Shulga, Larisa Arsenieva et al., (2016), Antibacterial biodegradable

films for foods, Ukrainian Food Journal, 5(1), pp. 88-95.

Messens, W., De Vuyst, L. (2002), Inhibitory substances produced by Lactobacilli isolated from

sourdoughs - a review, Int. J. Food Microbiol., 72, pp. 31-43.

Chernaya A.L, Shul'ga O.S., Arsen'yeva L.Yu. (2017), Otsenka organolepticheskikh i
mikrobiologicheskikh pokazateley kachestva pshenichnogo khleba so s"yedobnym pokrytiyem,

soderzhashchim probioticheskiye mikroorganizmy (2017), Voprosy pitaniya, 86(3), pp. 101-107.

—Ukrainian Journal of Food Science. 2019. Volume 7. Issue 1 — 81



22.

23.

24.

25.

26.

27.

28.

82

Food Technology ——

Borovskiy Ye.V., Mashkilleyson A.L. (2001), Zabolevaniya slizistoy obolochki polosti rta i gub,
Medpress, Moscow.

Gracheva L.V., Yepisheva A.A. (1999), Mesto i rol' gribov roda Candida v klinike krasnogo
ploskogo lishaya, Dostizheniya, nereshennyye problemy i perspektivy razvitiya stomatologii na
Urale, Materialy itogovoy nauchno-prakticheskoy konferentsii, pp. 65-66.

Well diffusion for antifungal susceptibility testing (2004), Magaldi S, Mata-Essayag S, Hartung
de Capriles C, et al., Int J. Infect Dis., 8(1), pp. 39-45.

Protopopova T.A., Porseva J.D., Lunitsyna J.V., et al., (2013), The antimicrobial properties of
the drug based on the extract Grapefruit seed (experimental study) Dentistry problem, 2, pp. 42—
45.

Adam R. Burns, Elizabeth Miller, Meghna Agarwa (2017), Interhost dispersal alters microbiome
assembly and can overwhelm host innate immunity in an experimental zebrafish model, PNAS
published ahead of print, Available at https://doi.org/10.1073/pnas.1702511114

Maria Luisa Mangoni, Alison M. McDermott, Michael Zasloff (2016), Antimicrobial peptides
and wound healing: biological, and therapeutic considerations, Experimental Dermatology,
25(3), Available at: https://doi.org/10.1111/exd.12929.

Rajbir Singh, Sandeep Chandrashekharappa, Sobha R. Bodduluri (2019), Enhancement of the gut
barrier integrity by a microbial metabolite through the Nrf2 pathway, Nature Communications,
10, Article number: 89.

——Ukrainian Journal of Food Science. 2019. Volume 7. Issue 1



Food Technology ——

Scientific explanation of the composition and
technological modes of manufacture of dairy ice
cream with vegetable puree

Viktoriia Sapiga, Galyna Polischuk, Tetiana Osmak,
Artur Mykhalevych, Maksym Maslikov

National University of Food Technologies, Kyiv, Ukraine

Keywords:

Ice cream
Vegetable
Puree
Pectin
Milk
Maturation

Abstract

Article history:

Received
30.01.2019
Received in revised
form 18.05.2019
Accepted
30.05.2019

Corresponding
author:

Tetiana Osmak
E-mail:
osmaktg@ukr.net

DOI:
10.24263/2310-
1008-2019-7-1-10

Introduction. The modern assortment of ice cream on
milk base with vegetable fillers has been analyzed. The
choice of vegetable raw material as a promising functional
and technological ingredient in composition of milk ice
cream is substantiated.

Materials and methods. Object of research —ice cream
technology. The subject of the study — vegetable puree from
beet and broccoli fresh and heat-treated, ice cream and milk-
vegetable blends. The cryoscopic temperature of the blends
was determined with the aid of a measuring complex,
dynamic viscosity by Geppler viscometer, resistance to
melting — the melting time of hardened ice cream samples,
the air bubbles size — the microscopy of soft ice cream
samples in the chamber Goryaev, ice cream overrun — by the
weight method.

Results and discussion. Scientifically confirmed the
expediency of using in composition of the milk ice cream
vegetable puree with a high content of soluble pectin due to
thermoacid hydrolysis protopectin. The possibility of partial
replacement of the stabilizer of the structure on pectin
containing puree is established, which, in addition to the
structural function, acts as a natural dye and a taste-aromatic
ingredient, enriches the product with a complex of
carbohydrates and minerals. By the magnitude of dynamic
viscosity coefficient , rational regimes of maturating milk-
vegetable blends with different ratios between the milk and
vegetable component were substantiated. It has been
established that functional and technological vegetable puree
in the amount of 10-20% practically does not affect the
cryoscopic temperature of ice cream blends, which makes it
possible to apply commonly accepted freeze modes to obtain
a product of guaranteed quality.

Conclusions. A new kind of dairy ice cream with
concentrate vegetable puree of high nutritional value can be
recommended for widespread introduction in accordance
with the classical technological scheme of production with
refinement of maturating regimes.
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Introduction

At the present stage of development of the food industry, the production of food
products enriched with biologically valuable components, with reduced fat content, is
becoming increasingly relevant. Thanks to refreshing action, pleasant taste and high nutrition
value, ice cream has become a daily product of mass consumption for children and adults.
The assortment of frozen desserts on milk basis contains more than 1000 names, but in the
domestic market practically there is no ice cream from vegetable raw materials. Vegetables
give the product not only a pleasant original taste, but also have many beneficial properties.

It is known ice cream recipes on the basis of marinated ginger, with vegetable raw
materials, in particular with mashed pumpkin, carrots, cucumbers, tomatoes. True exotic ice
cream types for true gourmets are ice cream, made in France — with the taste of basil, onion,
mustard, black pepper and cheese rockfor, as well as truffles and foie gras [1].

At the same time, table beet, which cultivated in Ukraine contains up to 6-12% sucrose,
as well as a significant amount of fructose, glucose, polysaccharides (pectin substances and
fiber), organic acids (oxalic, apple, lemon), and by content Iodine is one of the leaders among
vegetables [2]. Nutritional value of 100 g of table beet: calorie content — 42 kcal, protein
content — 1,5 g, fat — 0,1 g, carbohydrates — 8,8 g, food fibers (including pectin substances)
— 2,5 g, organic acids — 0.1 g, water — 86 g, mono- and disaccharides — 8,7 g, starch — 0,1 g,
ash—1 g[3].

In cabbage, broccoli also contain a significant amount of biologically valuable
compounds — protein, pectin, vitamin C, B vitamins, and micro and macro elements. Broccoli
is a low-calorie product, so this cabbage can be included in the diet of people who follow a
diet for medical reasons or to maintain a healthy lifestyle [4].

Vegetable raw materials in the composition ice cream due to the moisture binding
ability can prevent the formation of a defect "coarse-crystalline structure”" , during hardening
and storage, especially in case of violation of the temperature regimes in the freezer
compartment. Vegetable raw materials contain color pigments (anthocyanins, beta-carotene,
chlorophyll, etc.), are able to structure food systems [4], affect the technological processes
of production, improve the organoleptic and physico-chemical characteristics of ice cream.
The formation of foam structure of ice cream is a complex process, which is essentially
related to the chemical composition of the product and its physical properties. Therefore, the
study of the peculiarities of the formation and stabilization of the structure of ice cream with
new types of plant material requires additional research [5].

In view of the above, the relevance of scientific work is to expand the range of ice cream
with functional and technological and biologically complete vegetable raw materials.

The purpose of the research is to substantiate the composition and technological regimes
of the production of milk-vegetable ice cream with vegetable puree on the basis of table beet
and broccoli cabbage.

Main tasks of scientific work:

— Scientifically substantiate the recipe of a new type of milk ice cream with vegetable filler;
— To clarify technological regimes of production of ice cream milk-vegetable.

Materials and methods
The soft ice-cream was made with the help of a frizzer of periodic action of the brand

FPM-3,5/380-50 "Elbrus-400" (manufacturer — JSC "ROSS", Ukraine). The volume of one-
time pouring of the mixture into the screw chamber was 4,0 dm®. The frequency of the auger
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stirrer during the cooling mode (mode number 1) was 270 min™', under the freezing mode
(mode number 2) — 540 min™'. Duration of modes Nel and Ne2 — 3 minutes.

The freezing and storage of ice cream were carried out in a freezer "Caravell" A/S
(Denmark) at a temperature of minus (20+2) °C.

Sampling and preparation for analysis [6].

The cryoscopic temperature of ice cream blends was determined on a measuring
complex [7]. The temperature was recorded on a personal computer using NDCONUTIL
v.3xX.

Resistance to melting was determined by the time of the first drop appearance of the
liquid phase and the flowing time of 10 cm3 of the liquid phase from the hardened ice cream
sample at a temperature of 20=1 °C.

The size of the air bubbles was determined by microscopy of samples using a camera
Goryaeva for an increase of x150.

The overrun of soft ice cream (B,%) was determined by the weight method and
calculated by the formula:

B=""" 100 1)

M,

where M; — the mass of the mixture filling the glass, g; M> — weight of ice cream filling a
glass, g.

Dynamic viscosity of the mixtures (i, mPa-c) was determined by Geppler viscometer.
The calculation of the coefficient of dynamic viscosity of the mixture p (mPa-s) was carried
out according to the formula:

p=kx(p1 —p2) x t 2

where k is the ball constant, mPa-cm®/g; p; and p; are the density of materials of the ball and the
mixture, g /cm?®; t — the duration of passing the ball between the circular labels, s.

The content of pectin in fresh and concentrated vegetable purée vegetable was
determined by the calcium-pectate method [8].

For the development of milk-vegetable ice cream recipes, it was necessary to guided
by regulatory requirements for its chemical composition. As a control, was produced milk
ice cream with a mass fraction of fat was made at least 5%, sugar — not less than 14,5%,
SZMZ — 12%, dry matter — not less than 30%. Normative indicators of milk-vegetable ice
cream: fat — 5%, sugar — not more than 10%, SZMZ — 11%, dry matter — not less than 30%,
dry matter of vegetable filler — not less than 4%.

For use puree of beet and broccoli in composition of ice cream, according to
organoleptic ally established ratio of 1:1 between it was prepared in such a way to activate
the functional and technological properties of the plant filler via by hydrothermal treatment
to increase the content of the soluble pectin due to partial destruction of protopectin. For this
purpose the vegetables were washed, the beets were cleaned from the peel by steam, cut and
chopped, stirred the mixture, heated to a temperature of 70-90 °C, carry out hydrolyzation
of protopectin plant tissue with citric acid at pH 2,8-3,2 for up to 90 minutes. Hydrolyzed
and boiled up to 20% of dry matter vegetable mass was cleaned and cooled in accordance
with the existing method for producing pectin-containing vegetable puree [9]. Received
vegetable puree are highly viscous, with time does not stratify, it has a bright cherry color
and a pleasant sweet flavor.
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Experimental samples of ice cream were obtained according to the following scheme:
preparation of milk mixture (40—45 °C); preparation of vegetable filler (cutting and blanching
of vegetables, rubbing, heat treatment at 80-85 °C for 20 minutes), mixing of milk mix and
vegetable filler (4045 °C); filtering milk-vegetable mixture; pasteurization of the mixture
(8387 °C, 2-3 min); homogenization of the mixture (12—15 MPa, 80-85 °C); cooling and
maturation of the mixture (0-6 °C); freeze of the mixture; dosing and forming portions of soft
ice cream; hardening of ice cream (from -20 to - 25 °C) [10].

Results and discussion

In the first stage, the distribution of pectin substances in vegetable puree was
investigated before and after hydrothermal treatment under the above conditions.

The mass fraction of dry matter (DM), pectin substances (PS), soluble pectin (SP),
protopectin (PP) of fresh and heat-treated puree from beet and broccoli for ratio 1:1, as well
as the mass fraction of SB from the content of PP in percentages are shown in the table. 1

Table 1
Content and distribution of pectin substances in vegetable puree of different degree of
processing (P>0,95; n=3)

Kind of raw Mass Mass fraction Mass Mass Contents
material fraction of | of PS,%/ 100 fraction of fraction of of SP,%,
DM, % g puree SP,% PP,% from PS

Fresh puree | 13,37+0,67 1,88+0,07 0,71+0,02 1,17+0,04 | 37,77+1,05
Activated 20,07+0,93 2,80+0,10 2,10+0,09 0,70+£0,01 | 75,00£2,36
puree

According to the results of the study, given in Table 1, the expediency of thermoacid
processing of vegetable puree is understandable, due to which the increased content of SP
will activate the technological properties of vegetable filler. Significant change in the ratio
between the SP and the PP (from 1,65 to 0,33) in the direction of increasing the content of
SP and the corresponding concentration of dry matter of vegetables to 20% makes it possible
to replace part of the blend of ice cream with a mass fraction of dry matter about 30% without
a significant change of balance for this indicator.

The thermoacid degradation of PP, which results in an elevated SP content, can provide
vegetable filler with additional water-binding and structuring ability and shorten the maturing
time of the blends. Therefore, at the next stage of the study, the rational regimes of maturation
of fresh and activated vegetable puree were determined, compared to the control sample of a
blend containing 0,5% of stabilizer (guar gum), with the most significant characteristic — the
coefficient of dynamic viscosity.

The mass fraction of vegetable puree was given arbitrarily, at the level of 10%,
according to typical recipes of ice cream with vegetable fillers (from 10 to 15%). To
determine the possibility of a partial replacement of the stabilizer with the technologically
activated vegetable filler, milk-vegetable samples of blends were prepared with a half the
content of the stabilizer of the structure (Figure 1). Since the recommended values of the
coefficient of dynamic viscosity of mixtures of milk ice cream are those that are not lower
than 140 mPa-s [11], this is the minimum allowable value chosen as a criterion for the
effectiveness of blends structuring.
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Figure 1. Effect of the maturing time (t) on the coefficient of dynamic viscosity (1) of ice cream

blends:
a — milk with 0.5% stabilizer (control);

b — milk with 10% fresh puree without stabilizer;
¢ — milk with 10% fresh puree and 0,25% stabilizer;
d — milk with 10% activated puree and 0,25% stabilizer
Temperature of blend, °C: 1 —0; 2—4; 3 - 6.
4 — the minimum value of dynamic viscosity
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As can be seen from Figure 1, achieving lowest purposeful amount of dynamic viscosity
coefficient at a temperature of 0°C to control observed through 4 hours, for milk with fresh
vegetable puree and 0,25% stabilizer — in 8 hours, and for milk with vegetable concentrated
puree and 0,25% stabilizer — after 6 hours. At the same time, a mixture of milk ice cream with
fresh puree without stabilizer acquires the required viscosity at the lowest maturation
temperature (0 °C) only after 24 hours [12]. This confirms the need to introduce into the
composition of blend a stabilizer of structure or vegetable puree with high content of SP, or
combining them. Thus, it is possible to use vegetable paste with a high content of SP at the
simultaneous 50% replacing of structure stabilizer in blends at the expense of pectin
stabilizing action in the composition of vegetables.

To justify rational content vegetable paste in milk ice cream at the next stage of the
study determined cryoscopic temperature (to) of milk-vegetables blends, which contain
from 5 to 20% activated filler. This t. affects the proportion of bound water, what causing
the formation of creamy consistency of the finished product after the hardening process and
regimes of freezing in the technological cycle of production of ice cream.

Experimentally set values tcr..m of ice cream blends of traditional composition and milk-
vegetable were compared with the data obtained by calculating the depression of freezing
temperature of the studied mixtures according to sucrose equivalent tcr.c [13, 14]. Chemical
composition and tcr. of ice cream blends with a mass fraction of fat 5% and a mass fraction
of sugar 15,5% for various ratios between milk and vegetable bases are shown in Table 2.
Mass fraction of stabilizer were changed proportionally to activated puree and at
achievements of mass fraction of soluble pectin 0,4% in the paste composition completely
excluded the stabilizer from formulation.

Table 2
Chemical composition and cryoscopic temperature of ice cream blends with different contents
of vegetable puree

Milk Ice Cream Composition of the blend,%
(mass fraction of
frfat .5%; nass DNDR | Stabilizer | Water DM of SP form tere /AL °C
action of sugar vegetables
15,5%)
Control 10,0 0,50 69,0 - - -2,51/-2,18/0,33
5% puree 9,5 0,38 68,62 1,0 0,105 | -2,56/-2,18/0,38
10% puree 9,0 0,25 68,25 2,0 0,210 | -2,59/-2,18/0,41
15% puree 8,5 0,13 67,87 3,0 0,315 | -2,62/-2,17/ 0,45
20% puree 8,0 0 67,50 4,0 0,420 | -2,64/-2,16/0,48

According to the analysis of the chemical composition of all samples, a slight change
in the dry matter content in ice cream (from 69 to 67,5%) should be noted, even with a
maximum 20% replacement of the milk blend in vegetable puree. That is, the balance of dry
matter in the mixtures is practically preserved in the established range of changes in the
content of vegetable paste.

Despite the slight increase in water content in ice cream during increasing the amount
of vegetable puree, there is a slight decrease in the cryoscopic temperature from minus 2,51
to minus 2,64 °C. Moreover, the difference between measured and calculated values of this
indicator increases. This effect can be explained, first of all, by the extremely high water-
binding ability of the soluble pectin, which significantly reduces the free water content of the
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blends, thereby increasing the concentration of solutions of single, double carbohydrates and
salts in its residue. In vegetable raw materials also are contained about 5-6%.
monosaccharides and disaccharides, which partially replenish the lactose deficiency in
reducing the content of milk components in milk-vegetable blends. Thus, partial replacement
of the milk blend in vegetable puree in the studied range will not cause deterioration of the
physical and chemical indicators of ice cream quality and will not significantly affect the
technological parameters of its production. Taking into consideration the above, the
introduction of a new type of ice cream with vegetable puree will not require the technical
re-equipment of the existing production provided the vegetable component is delivered on
request from the canning industry enterprises.

At the next stage, physicochemical indicators of milk ice cream with vegetable paste
were studied (Table 3, Table 4).

Table 3
Physico-chemical parameters of milk ice cream with vegetable paste (P>0.95; n = 3)
Indicator Mass fraction of vegetable paste,%
0 5 10 15 20
Overrun,% 75,0+1,5 73,0+1,6 72,0+1,6 70,0+1,6 65,0+1,6
Resistance to 48,2+1,1 46,5+0,9 45,0+0,9 44,040, 43,0+0,9
melting, min
Average diameter 47,604 46,0+0,4 45,5+0,4 | 43,7+0,4 40,2+0,4
of air bubbles,
mcm
The temperature of -3,5+0,1 -3,5+0,1 -3,5+0,1 -3,4+0,1 -3,3+0,1
the soft ice-cream
on the exit from the
freezer, °C
Table 4
Quality indicators of milk ice cream and milk-vegetable
Indicator Mass fraction of vegetable paste,%
0 | 5 | 10 | 15 ] 20

Appearance Homogeneous mass with high ability to formation
Structure Homogeneous, slightly snowy Homogeneous, Homogeneous,
and consistency plastic, creamy too soft, creamy
consistency
Taste and Pure, Pure, Pure, characteristic | Pure, with too
smell characteristic for | characteristic for | for milk ice cream, | much flavor of

milk ice cream, | milk ice cream, | with a pleasant vegetables

without foreign | with barely | flavor of vegetable

flavors and odors | noticeable taste of | paste

vegetable filler

Color White, uniform in | Weak pronounced | Moderate pink, Dark pink,

mass pink tint uniform in all uniform in all

masses masses
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In the specified range of content, vegetable filler improves the ability to form ice cream,
its consistency, resistance to melting, as well as the dispersion of the air phase. Ice cream
with vegetable puree is pleasant pink color and plastic consistency. The overrun of ice cream
with vegetable raw material practically does not differ from the control sample and
corresponds to the recommended value (not less than 60%).

The prospect of further research is to study the influence of vegetable puree in the
specified range of content on the quality of ice cream during storage.

Conclusions

1. New recipes of milk ice cream with vegetable puree from broccoli and table beet (for a
ratio of 1: 1) in the amount of 10 to 15% were developed, which ensures high quality of
the finished product.

2. According to the values of the cryoscopic temperature of ice cream blends with vegetable
puree, the possibility of ice cream production under the generally accepted modes of
processing was confirmed.

3. According to the values of the coefficient of dynamic viscosity rational regimes of
maturation of milk-vegetable mixtures are substantiated: at a temperature of 0—4 °C — up
to 6 hours; for 6 °C —up to 8 hours.

4. The implementation of a new type of ice cream with vegetable puree does not require the
technical re-equipment of existing production and will contribute to the expansion of the
range of domestic ice cream of high nutritional value.

References

1. Turchin I., Slivka NB, Melnyk O.R., Kopach V. (2013), Use of nonconventional
components in ice cream technology, Ecotrophology. Progress, problems, prospects of
environmentally safe production. Materials 1V International scientific-practical
conference devoted to the 10th anniversary of the Department of Ecotrophology, BNAU,
pp. 92-93.

2. Shaiko T.V. (2015), Beet Pasta — A promising direction of extension of the range of
food products, Food resources. Series: Technical Sciences, 4, pp. 7-10.

3.  Brovenko T., (2016), Culinary use of table beets, Food industry of agrarian and
industrial complex, 1-2, pp. 39-42.

4. Didi O., (2016), Yield and quality of broccoli cabbage hybrids in the Western Forest-
steppe of Ukraine, Visnyk of Lviv National Agrarian University. Series: Agronomy, No.
20, pp. 98-102.

5. Martich V.V, Polischuk G.E., Serbova M.1., (2013), Research of Wheat Germ Foaming
Capacity in Dairy Ice-Cream Composition, Nauka ta Innovacii, 9(5), pp. 10-16.

6. Marshall R. T., Goff H. D., Hartel R. W., (2013), Ice cream, Springer US, New York.

7.  Potapov SG, Maslikov MM (2009), Laboratory Installation for Continuous Monitoring
and Registration of Gas Environment Parameters, NUHT Scientific Papers, 29, pp. 78—
80.

8. Zgursky A., Polischuk G., Krapivnytska I., (2011), Redistribution of pectin substances
in vegetable raw materials in the production of ice cream, Food industry, Ne10, pp. 50-
55.

9. Hartel R'W. (2010), Mechanisms of Ice Crystallization in Ice Cream Production,
Comprehensive reviews in food science and food safety, 9(2), pp. 213-222

90 ——Ukrainian Journal of Food Science. 2019. Volume 7. Issue 1



10.

11.

12.

13.

14.

Food Technology ——

Kosoy V. L., Dunchenko NN, Egorov AV (2008), Engineering Rheology in Ice Cream
Production, DeLi Prints, Moscow.

Christiaens S., Mbong V. B., Buggenhout S.V., David C. C., Hofkens J., Hendrickx
M.E., (2012), Influence of processing on the pectin structure—function relationship in
broccoli purée, Innovative Food Science & Emerging Technologies, Ne15, pp. 57-65.
Guldiken B., Gamze Toydemir G., Memis K. N., Okur S., Boyacioglu D., Capanoglu
E., (2016), Home-Processed Red Beetroot (Beta vulgaris L.) Products: Changes in
Antioxidant Properties and Bioaccessibility, International journal of molecular
sciences, 17(6), pp. 858.

Bahramparvar V., Tehrani M. M., (2011), Application and Functions of Stabilizers in
Ice Cream, Food Reviews International, 27(4), pp. 389-407.

Polischuk GE, Semko T.V., (2012), Investigation of the water phase of mixtures and
ice cream with natural structuring components, Collection of scientific works of
Vinnytsia National Agrarian University, 2(1), pp. 109—116.

—Ukrainian Journal of Food Science. 2019. Volume 7. Issue 1 — 91



Food Technology ——

Amino acid content in extruded feed mixtures

Tetiana Trakalo, Oleh Shapovalenko, Tetiana Yaniuk

National University of Food Technologies, Kyiv, Ukraine

Keywords:

Protein
Amino acid
Lysin
Extruding
Flax
Extract
Feed

Abstract

Article history:

Received
20.01.2019
Received in
revised form
29.04.2019
Accepted
30.05.2019

Corresponding
author:

Tetiana Trakalo
E-mail:
tanya.yao.ty@
gmail.com

DOI:
10.24263/2310-
1008-2019-7-1-11

Introduction. To determine amino acid profile of extruded
feed mixes containing flax feed extract based on water, amino acid
profile amino acid profile and biological value of extruded feed mixes
of different formulating composition has been studied.

Materials and methods. We investigated extruded feed mixes
made of wheat, maize, wheat mill-run and flax feed extract based on
water  (FFEBW)  having  different  percentage.  Ratio
(wheat:corn:FFEBW) for mixture 1 is 40:40:20, for mixture 2 is
45:45:10. Ratio (wheat mill-run:corn:FFEBW) for mixture 3 is
40:40:20. The mixture was mixed and extruded at 110-120 °C
temperature, 2—4 MPa pressure decontaminating it. The concentration
of free amino acids was determined by the method of ion-exchange
chromatography.

Results and discussions. Undertaken researches of amino acid
composition of the extruded feed mixtures allowed to identify and
numerically define 9 essential amino acids (valine, leucine,
isoleucine, lysin, methionine, phenylalanine, threonine, arginine,
histidin) and 8 nonessential amino acids (aspartic, cystein, serine,
tyrosine, glutaminic acid, glycine, pyrrolidine carboxulic acid, and
alanine), calculations of amino acids score of extruded feed mixtures
are also described that allows to get data on every amino acid, to
define the first limited amino acid, calculate the coefficient of
divergence amino acid score (CDAAS) and index of protein
biological value (BV) of the investigated standards of extrudate.

The most essential amino acids contains mixtures Ne 1 —
42,82% on 100 g of protein and Ne 2 — 41,27% on 100 g of protein.

Content of leucine, lysin and threonine in protein of mixtures
presents 8,34-9,8% 100 g, 3,44-3,84% 100 g, and 2,67-3,75% 100
g, accordingly, that confirms high protein value of extruded feed
mixtures.

With the help of calculations, it is determined that the greatest
biological value has protein of mixture Ne 1 — 70,25%. This mixture
appeared the most balanced among amino acid composition
comparatively with other mixtures. The least index of biological
value is set in mixture Ne 3 — 65,25%, that is explained by more
considerable divergence amino acid score than other amino acids.

Conclusion. It is recommended to add flax feed extracts in the
complement of grain mixtures as an effective method of biological
value increase of extruded feed mixtures, as hit allows to increase the
content of protein and amino acids.
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Introduction

Feeding has dramatic impact on growth, development, health and productivity of
agricultural animals and poultry. It isknown, the food value of feed cannot be expressed by
one index, it must be complex. In the system of complex estimation of food value of feed the
special role belongs to protein. Providing of feed of animals’ protein is one of major questions
in organization of feeding [1].

Disintegration and synthesis of proteins pass constantly in the organism. In the digestive
route proteins are disintegrated to the amino acids and soak through into blood. From amino
acids cells synthesize own proteins. It is impossible to replace proteins by other nutritives, as
their synthesis in the organism it is possible only from amino acids, but protein can be
replaced by fats and carbohydrates, id est used for the synthesis of these species[2]. There
are 20 amino acids in vegetable and animal feed. Not all amino acids that contain proteins
are equivalent for the organism. Some amino acids cannot be synthesized in the organism
and must be involved in feed. These amino acids are named vitally necessary or essential [7].

Essential and nonessential amino acids participate in the processes of metabolism,
construction of organism’s tissues, adjusting of antibodies’ synthesis and others like that. The
exchange of vitamins and mineral substances is closely connected with amino acids. Some
amino acids directly provide energy muscular tissue, serve as neurotransmitters or their
predecessors [1, 2].

Large value has free proteogenic amino acids in feed, id est those, that are not in the
complement of proteins, but are in the free state[4]. Free amino acids directly from feed are
soacked through into blood and join in the processes of metabolism, passing the stage of
hydrolysis in gastrointestinal tract, that is very important for young cattle that grow, or
patients [3]. From 20 proteogenic amino acids, agricultural cattle are not able to synthesize
10, in particular arginine, histidin, lysin, methionine, phenylalanine, threonine, tryptophane,
valine, isoleucine and leucine[7]. Thus, these 10 amino acids must be in feed for agricultural
cattle and is essential. If growing stock will not get these essential amino acids with feed,
then they stopped to grow[8].

Absence or lack of these amino acids in feed results to metabolic disturbance —negative
nitric balance, grow stopping, regeneration of proteins, origin of pathological changes in the
nervous system, visceral organs of incretion, composition of blood. The appropriate decline
of the enzymic systems' activity comes, the functions of liver, kidneys are violated and
others[6].

For example, at the lack of protein in the rations of pigs that are on fattening, they spend
10-12 feed per 1 kg of increase, and at balance ration is 44,5 feed.

Feed proteins, that contain all vital amino acids in the composition, are named valuable.
Animal protein (milk, eggs, meat) belong to them[11]. Those protein, that does not have or
contain insufficient amount of amino acids, necessary for synthesis proteins of animals’ body,
are named inferior (vegetable protein). For comparative description of aprotein food value of
different feed it is necessary to know their amino acid composition. The more essetial and
especially critical (lysin, methionine, tryptophane) amino acids will have feed, the more it
will be valuable, comparatively with other feed, where will be less amount of these amino
acids[13].
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Materials and methods
Materials

Materials for researches were the standards of of extruded feed mixtures tests with
addition of flax feed extract for agricultural animals. The samples of feed were grated in
advance in porcelain mortars to the powdery state.

Methods of determination of amino acids in feed mixtures of fodder mixtures

Extraction of amino acids was conducted in mixture by chloroform-water in correlation
1:1, at the permanent shaking off during 3 hours. Then centrifuging during 15minutes at 8000
revolution per minute. Water phase was selected and made subsidence of proteins by
sulfosalicylic acid during 30 minutes at 4 °C, with further centrifuging (15 minutes at 800
revolution per minute). The got supernatants were conducted of 0,6 M lithium-citrate buffer
solution (pH 2,1).

The concentration of free amino acids was determined by the method of ion-exchange
chromatography on the amino acid analyzer of «BIOTRONIK LC 6001» (Germany). The
essence of the method is based on photometric determination (570 nm) of the painted
complex of ninhydrin with amino acids and further transformation of coefficient of
transmissivity into the coefficient of asorptance, proportional concentration of permeate by
means of logarithmic strengthener, that allows to carry out this transformation, facilitating
further calculations [4]. As the standard of amino acids was used «Amino Acid Calibration
Standard» (Benson Company, USA). This method is one of the best highly sensitive
quantitative methods in protein chemistry. It gives absolute and exact (to 10 nmol) values to
content of amino acids in any physiology liquids, extracts of tissues, food mixtures and
others.

It is istinguished biologically valuable and less valuable (inferior protein). The first ones
contain all essential amino acids. The composition of less valuable proteins is scarce for one
or a few essential to amino acids. An important value had both essential and nonessential
amino acids, also it is important to have balance of essential amino acids in the product. For
determination of biological value of proteins different methods (chemical, biological,
calculated) are used.

Methods of determining the biological value of feed mixtures

The biological value of feed mixtures is stipulated by composition and content of
essential amino acids, that is determined by comparison of amino acid composition of
investigated protein on the certificate scale of amino acids of hypothetical «ideal» protein.
This methodical approach got the name of amino acid score. Amino acid score is the index
of biological value protein that presents by part percentage ratio of the certain essential amino
acid of general content of amino acids in the investigated protein to the standard
(recommended) value [5, 6].

There are some methods of amino acid score calculation, and the simplest is the relation
of every essential amino acid in the tested protein to the amount of the same amino acid in
hypothetical «ideal» protein, fully balanced after amino acid content. FAO/WHO offered the
standard amino acid scale that compare composition of investigated protein. Calculation of
amino acid score of every essential amino acid it was expected
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C] _ AKi

~ AKrs

x 100, (1)

where Cj is amino acid score i- of essential amino acid of protein,%; AKi is content of
essential amino acid of protein of extruded feed mixture, g/100 g protein; AK is the contents
of essential amino acid in the standard protein, g/100 g of standard protein. It is considered
that the limited biological value of amino acid is score that has the least value [9].

The coefficient of divergence of amino acid score (CDAAS) shows the average surplus
of amino acid score of essential amino acids in comparison with the least score level of
anyessential amino acid (surplus amount of essential amino acids that is not used on plastic
necessities). CDAAS is calculated by the formula (2):

N__ARAC
CDAAS = Z’% 2)

where ARAC is divergence amino acid score of amino acid that is calculated by the formula

3):
ARAC =Ci —Cmin, 3)

where Ci is score surplus of i- essential amino acid%; Cmin is the minimum of scores of
essential amino acid of investigated sprotein in relation to the standard%; » is the amount of
essential amino acids.

The size of biological value is determined by the formula (4):

BV = 100 - CDAAS, 4)

If the size of CDAAS less, the highest quality of protein is [8, 10].

Results and discussions

Undertaken researches of amino acid composition of the extruded feed mixtures
allowed to identify and numerically define 9 essential amino acids (valine, leucine,
isoleucine, lysin, methionine, phenylalanine, threonine, arginine, histidin) and 8 nonessential
amino acids (aspartic, cystein, serine, tyrosine, glutaminic acid, glycine, pyrrolidine
carboxulic acid, and alanine), calculations of amino acids score of extruded feed mixtures are
also described that allows to get data on every amino acid, to define the first limited amino
acid, calculate the coefficient of divergence amino acid score (CDAAS) and index of protein
biological value (BV) of the investigated standards of extrudate. The sum of sulfur-
containing amino acids was also taken into account, such as methionine, that in the organism
changes into cystein, the sum of aromatic amino acids, because phenylalanine transforms into
tyrosine. The got results are given in the table.
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Table 1
Amino acid composition of extruded grain mixtures in% to protein mass
Amino acid Rank Equivalence ratio Equivalence ratio
FAO/ (wheat:corn:FFEBW ) (wheat mill-run:corn:
WHO FFEBW)
mixture Ne 1 | mixture Ne 2 | mixture Ne 3 |mixture Ne4
40:40:20 45:45:10 40:40:20 45:45:10
Eole |2 e |E e |E e
Valine 5,0 3,06 61 2,79 56 2,91 58 2,6 52
Lysin 5,5 3,84 70 3,65 66 3,5 64 3,44 | 63
Leucine 7,0 9,8 140 9,4 134 8,52 122 8,34 | 120
Isoleusine 4,0 2,38 60 2,44 | 61 1,57 40 1,54 | 40
Threonine 4,0 3,66 92 3,75 94 2,84 71 2,67 | 67
Methionint 3,5 3,31 95 3,25 93 3,19 91 3,07 | 88
cysteine
Phenylalanine+ 6,0 8,04 134 7,65 128 6,71 112 6,39 | 107
tyrosine
Histidin - 2,61 - 2,31 2,14 2,01
Arginine - 6,42 - 6,03 6,07 5,94
Sum of essential 42,82 41,27 37,45 36,0
amino acid
2~ ARAC 232 220 278 257
CDAAS 29,75 27,5 34,75 32,13
BV 70,25 72,5 65,25 67,87

The value of the content of nonessential amino acids of extruded feed mixtures is given
in the table.

It is known [10,12], that the full value of proteins is determined not only by quantitative
content of amino acids but also by certain their correlation, balanced, easy changing and by
good comprehensibility.

At determination of amino acid composition of protein of extruded grain mixtures (table
1) it is set that the great number of essential amino acids is contained in mixtures Ne 1 —
42,82% on 100 g of protein and Ne 2 — 41,27% on 100 g of protein. The least content of
essential amino acids mixture is differ in Ne4 —36% on 100 g of protein, however, looking
at the table, this mixture leads on the contest of nonessential amino acids 64% on 100 g of
protein.

Analysing amino acid composition of protein of extruded feed mixtures, it follows to
mark, that among essential amino acids with high content is distinguished leucine, lysin and
threonine. Their content in protein of mixtures presents 8,34.9,8% 100 g, 3,44.3,84% 100 g,
and 2,67.3,75% 100 g, accordingly, that confirms high protein value of extruded forage
mixtures.

It is known [11, 13, 15], that leucine is needed for construction and development of
muscular tissue. This amino acid assists synthesis of protein in muscles and liver, restoration

96 ——Ukrainian Journal of Food Science. 2019. Volume 7. Issue 1



Food Technology ——

processes in tissues and prevents destruction of muscles’ protein. Considerable content of
leucine from 9,8 g/100 g in mixture Nel a to 8,34 g/100 g in mixture Ne 4 talks that extruded
feed mixtures can be attributed to the rich natural sources of this amino acid next to the
eggwhite, casein, by protein of hazel-nut and others.

Lysin is acyclic amino acid and belongs to the group of diamino-carohylic acids. In
nature it meets only in L- form. In the process of metabolism during amino acid exchange
lysin occupies the special place as it participates in the reactions of transamination. After
removal of missile group of proceeding of lysin iterating from other sources of nitrogen it
does not take place.

It is determined [14,16-21], that lysin influences on mineral exchange (assists
consumption of calcium and phosphorus and iron inhausting; in bowels it is able to execute
the functions of cations of potassium at the deficit in the ration of this element), influences
on hematopoietic function of marrow, transformation of carotin in vitamin A, the state of the
nervous system, activity of enzymes.

In most cases lysin is the first most scarce amino acid in the rations of pigs, bird and
even ruminant animals. It is needed for continuation of height, dairy productivity and forming
of the skeleton. At its defect they are marked muscular degeneration, height oppression,
decline of dairy productivity [17].

All investigated standards of extruded feed mixtures had approximately identical
amount of lysin — from 3,44% 100 g of protein mixture Ne 4 to 3,84% 100 g of protein mixture
Ne 1, that fully provide day's requirement of animals in lysin, that presents 1,5 —4 g [16].

Threonine has two asymmetric atoms of carbon in a- and B-positions. For the actions of
aldolase, threonine fissions on athanal and glycine that also is important amino acid for
growing stock of cattle. Threonine is included in hypoplastic amino acids, acetylformic acid
is appeared that is an initial substance for biosynthesis of glucose and hepatin. It stimulates
immunity, assisting making of antibodies, together with methionine participates in the
exchange of fats and positively influences on liver work. Necessary threonine and for proteins
synthesis of skeletal muscles, collogen and elastin, glycerin, digestive enzymes, supporting
activity of gastrointestinal tract, it is important for normal development of cattel organism
[19,20,22].

It is set that extruded feed mixtures have also enhanceable contents of threonine, that
assists supporting of normal protein balance in the animals’ organism. The great amount of
its quality was educed in mixture Ne 1 — 3,75 g/100 g protein.

Sulfur-containing amino acids serve as the source of sulphur in the organism of animals,
that participates in providing of many biochemical processes. The major functions of these
amino acids are structural and catalytic contents of redox and transport of electrons. The lack
of cystein in the ration, methionine becomes the basic donor of sulphur. At these terms
cystein appears from methionine, as the result of the requirement of animals’ organism which
is provided in this amino acid. However, this process is undesirable, because methionine is
the most essential amino acid and the its lack is resulted to brake of proteins synthesis and
reduction of productivity. At the same time methionine is the most toxic substance, that in
surplus predetermines decomposition of cholesterol, and also liming of vessels and formation
of malignant desease. Day's necessity of agricultural animals of all age-related groups
presents 1,5-3 g[15].

Researches showed that extruded feed mixtures have the content of methionine and
cystein that is presented 3,07.3,31 g/100 g of protein, that fully provide cattle’s supply in
food.
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Calculated amino acid score is shown that protein of extruded feed mixtures is valuable
source of phenylalanine and leucine. After these amino acids score is equal to «standardy»
protein.

On content of methionine and threonine of protein of extruded feed mixtures goes to
«standard» — 3,5 and 4 g/100 g.

The least indexes of amino acid score were marked in the investigated mixtures of
isoleucine and valine. It should be noted that score of these amino acids was in the limits of
40.61%.

Calculated amino acid score can not fully represent biological value of protein, because
it does not take into account its balanced of all essential amino acids [22]. Thus, for
determination of biological value of protein of extruded feed mixtures the coefficient of
divergence of amino acid acore of protein of investigated standards was calculated.

The given calculations testifie, that the greatest biological value is owned by protein of
mixture Ne 1 — 70,25%. This mixture is the most balanced after amino acid composition
comparatively with other mixtures. The least index of biological value is set in mixture Ne 3
— 65,25%, that is explained by more considerable divergence of amino acid score of some
amino acids.

Conclusions

1. Undertaken researches in relation to extruded feed mixtures with the use of flax extract
on the basis of water were identified 9 essential and 8 nonessential amino acids. Among
essential amino acids phenylalanine and leucine had enhanceable content, among
nonessential is glutaminic acid, glycine and aspartic acid. After amino acid composition
of protein of extruded feed mixtures is valuable, as all essential amino acids including
major of them are methionine and lysin are included in its composition.

2. Biological value of protein of extruded feed mixtures after amino acid score, that is in
the limits of 65,25-70,25%. It is estimated that methionine and threonine of protein of
extruded feed mixtures goes to «standard» — 3,5 and 4 g/100 g.
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Introduction. The purpose of the publication is to assess the quality
and to usage of natural charcoal of activated charcoal by physical and
chemical indicators for alcoholic beverage production — for the
purification of water-alcohol mixtures from impurities in the technology
of vodka.

Materials and methods. Activated charcoal — as a raw material for
the purification of water-alcohol mixtures in the technology of vodkas.
Methods of research: adsorption activity by iodine; adsorption activity
by acetic acid; adsorption activity by methylene blue; total volume of
pores in water; bulk density of activated carbon; fractional composition;
mass of ash; bulk iron; bulk moisture content; abrasion strength.

Results and discussion. Activated charcoal of plant origin BAU-
A,BAU-A-LVZ, BAU-A-Ag, MeKS, KAU-A, KDS-A according to the
complex of indicators does not fully meet the high requirements of
alcoholic beverage production. The active charcoal grades BAU-A have
the standard values of indicators: adsorption activity by iodine — 62%;
adsorption activity by acetic acid — 64 ml; adsorption activity by
methylene blue — 129 mg/g; total pore volume by water — 1.72 cm®/g;
bulk density — 215 g/dm?®; mass fraction of the balance on a sieve with a
linen: Ne 36 — 1.6%; Ne 10 — 98%; on the pallet — 0.4%; mass of ash —
4.7%; mass fraction of water soluble ash — 1.64%; mass fraction of iron
— 0,12%; mass moisture content — 3.8%; abrasion resistance — 52.8%.
To expand the range of values of indicators, it is necessary to create
different combinations based on the BAU-A grades of coal or their
modifications BAU-A-LVZ, BAU-A-Ag together with activated
charcoal stone (MeKS), coconut (KAU-A) and anthracite (KDS-A).
Activated charcoal of the mark MeKS in relation to BAU-A has higher
values: adsorption activity by iodine by 32%; adsorption activity by
acetic acid by 45.3%; adsorption activity by methylene blue at 52.7%;
bulk density at 62.4%; tensile strength at 37.3%. In relation to BAU-A,
activated charcoal MeKS has lower values: the total volume of pore
water by -9.6%; mass of the remainder on a sieve with a linen: Ne 36 on
-1.5%; No 10 at -7.6%; on a pallet 0of 9.1%; mass of ash at -1.1%; a mass
of water-soluble ash -0.4%; bulk of iron by 0.1%; mass moisture content
-0.6%. At the same time low indicators of one activated carbon can be
offset by high indicators of other coal.

Conclusion. Creation of combined activated charcoal with
optimized parameters (increased durability, high adsorption and catalytic
properties, developed porous structure) will allow to meet the high
requirements of alcoholic beverage production and to more actively absorb
organic impurities, improving the organoleptic parameters of vodkas.
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Introduction

The search for new active carbons used for alcoholic beverage production is associated
with a number of difficulties. Until recently, this issue was resolved intuitively, based on the
experience of manufacturers of active carbons, as well as distillers production technologists.
This is due to the high complexity of the process of obtaining active carbons, as well as the
subsequent process of cleaning the sorting with active carbon. These processes are
characterized by an abundance and variety of various internal links between active carbon
and the water-alcohol mixture.

Therefore, the purpose of the publication is to assess the quality and to usage of natural
charcoal of activated charcoal by physical and chemical indicators for alcoholic beverage
production — for the purification of water-alcohol mixtures from impurities in the technology
of vodka.

Analysis of recent researchs and publications

In order to select the optimal technological process of sorting with active carbon, it is
necessary to compare the various modes of the technological process. It is necessary to take
into account and analyze the effect of a large number of factors on the parameters of the
process. All this should be done in a limited time frame for developing the technological
process. Therefore, it is have to choose the best options of the technological process, as well
as the best conditions (modes) of its implementation.

Naturally, such a state of affairs cannot satisfy the rapidly growing and increasingly
complex alcoholic beverage production. The emergence of new adsorbents (Lopez-Garzon
et al, 1999; Tzvetkov et al, 2016; Kwiatkowski et al, 2017; Marsh, Rodriguez-Reinoso, 2006;
Acikyildiz et al, 2014; Rivera-Utrilla et al, 2011) [1-6] for the distillery production (Kuzmin
et al, 2017; Kuzmin et al, 2015, 2017) [7-10] causes significant changes in the optimization
of the technological process of sorting with active carbon (Mubhin et al, 2003; Muhin et al,
2004) [11, 12].

At present, the main types of active carbons can be distinguished in the alcoholic beverage
industry (Petrov et al, 2004; Mank, Melnik, 2007) [13, 14]. They are made from materials that
contain complex organic compounds that can form a solid carbon residue under certain conditions.
Classification of sorbents (activated carbons by nature of origin for alcoholic beverage production
(Figure 1): natural origin (crushed active wood BAU-A; modified BAU-A activated carbons for
alcoholic beverage production; modified activated carbons by metal ions; active carbons from fruit
stones, nutshells; active carbons from various organic wastes, active carbons from fossil coals,
natural minerals); and synthetic origin (silica gel).

Charcoal activated wood crushed BAU-A

The classical technology of using traditional active carbons of the BAU-A brand in alcoholic
beverage production is typical for 80% of alcoholic beverage enterprises in Ukraine, which are used
at the stage of processing water-alcohol mixtures with active carbon.

Charcoal activated wood crushed brand BAU-A refers to the active coal gas type, which is made
from (birch wood) charcoal brand A, followed by treatment with water vapor at a temperature of
800-950°C, with preliminary or subsequent crushing (Petrov et al, 2004; Portnoj, 2004) [13, 15].
The quality of BAU-A coal depends on the quality of the initial wood or carbonizate, as well as the
technological parameters in the process of wood carbonization and subsequent activation (Petrov et
al, 2004) [13].
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Figure 1. Classification of sorbents for alcoholic beverage production

Requirements of the normative documentation for activated carbon BAU-A: appearance

— black grains without mechanical impurities; adsorption activity by iodine — at least 60%;

total pore volume of water is at least 1.6 cm®/g; bulk density — not more than 240 g/dm?>;

fractional composition, mass fraction of the residue on the sieve with the web: Ne 36 — not
more than 2.5%, Ne 10 — not less than 95.5%, on the pallet — not more than 2.0%; mass part
of ash — no more than 6%; mass of moisture — no more than 10%; abrasion resistance (%) —
not regulated.

The advantages of coal BAU-A:

—  high specific surface area of the porous space (500-800 m%g), due to which adsorption of
organic impurities from the solution and catalytic processes of formation of new substances
take place (Petrov et al, 2004) [13];

—  treatment of aqueous-alcoholic solutions with active carbon is accompanied by a course of
redox reactions and a multicomponent adsorption process of ethyl alcohol microimpurities
(Portnoj, 2004) [15];

—  high organoleptic characteristics of water-alcohol mixtures (vodka) after treatment with active
carbon.

Disadvantages of BAU-A coal:

—  high alkalinity of the surface of active carbon (pH of active carbons after vapor-gas activation
—9-11) (Petrov et al, 2004) [13];

—  the presence of mineral impurities in the structure of active carbon (water soluble ash) — 0.5—
0.7% by weight (Petrov et al, 2004) [13];

—  low mechanical strength 37—42%, which leads to significant losses of coal in the process of
working coal columns (Muhin et al, 2003; Muhin et al, 2004) [11, 12];

—  the presence of powdered particles of activated carbon, which requires the installation of
additional filtration systems after coal columns and increases the consumption rate of coal
(Petrov et al, 2004) [13];

—  low values of the bulk density of activated carbon up to 240 g/dm’ reduce its mechanical
strength;

—  large range of granulation of active carbon. With the dynamic method, it is self-sorted: large-
sized coal grains are located in the middle of the coal column, smaller grains are thrown to the
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periphery, as a result of which the water-alcohol mixture moves across the cross-section of the
coal column differently;
—  replacement of birch or beech raw coal with a mixture of soft wood, and therefore increases
the consumption of active carbon for the treatment of water-alcohol mixtures;
— a small amount of micropore space, which characterizes the low absorption capacity in
comparison with other coals of gas type.
The above indicators of active carbon BAU-A do not fully meet the requirements of alcoholic
beverage production (Petrov et al, 2004) [13].
Therefore, we need an additional analysis of active carbon according to the following indicators:
—  abrasion resistance up to a value of 70% (Petrov et al, 2004; Portnoj, 2004) [13, 15];
—  adsorption activity according to the method of Schulman and Babkova (Petrov et al, 2004;
Portnoj, 2004) [13, 15];
—  adsorption activity by acetic acid (Oshmyan method) to a value of 70-110 cm® (Petrov et al,
2004; Portnoj, 2004) [13, 15], which characterizes the catalytic properties of activated carbon
(Petrov et al, 2004) [13].

Modified activated carbons BAU-A for alcoholic beverage production

Wood activated charcoal brand BAU-LV was developed specifically for alcoholic beverage
production and is characterized by specific normalized indicators: abrasion resistance, adsorption
activity by acetic acid (Petrov et al, 2004) [13].

Requirements of regulatory documentation for activated carbon brand BAU-LV: appearance —
black grain without mechanical impurities; adsorption activity by iodine — at least 65%; total pore
volume of water is at least 1.6 cm*/g; bulk density —not more than 240 g/dm?; fractional composition,
mass fraction of the residue on the sieve with the web: Ne 36 —no more than 2.5%, Ne 10 —not less
than 96.5%, on the pallet — not more than 1.0%; mass part of ash — no more than 6%; mass of
moisture —no more than 10%; abrasion resistance — at least 45%; adsorption activity by acetic acid
—not less than 70 ml.

Charcoal active wood shredded brand BAU-A-LVZ. Requirements of regulatory
documentation for activated carbon BAU-A-LVZ: appearance — black grain without mechanical
impurities; adsorption activity by iodine — not less than 65—70%; total pore volume of water is at
least 1.6 cm®/g; bulk density — not more than 240 g/dm?; fractional composition, mass fraction of the
residue on the sieve with the web: Ne 36 — not more than 2.5%, Ne 10 —not less than 95.5%, on the
pallet —not more than 2.0%; mass of ash—no more than 3%; mass of moisture —no more than 10%;
adsorption activity by acetic acid —not less than 70 ml; abrasion resistance — at least 60%.

Modified active carbons with metal ions

To enhance the catalytic component of the sorting treatment process, active carbons are applied
with additives that accelerate the chemical reactions taking place and are catalysts for this process
(Petrov et al, 2004) [13]. In addition to the acquisition of catalytic activity by such carbon materials,
the possibility of a significant increase in the capacity and selectivity of carbon sorbents when
modifying them with metal ions in sorption processes has been established (Zhabkina et al, 2005)
[16]. The highest sorption for activated carbons is observed for silver ions (Petrov et al, 2004;
Zhabkina et al, 2005) [13, 16], gold, metals of the platinum group, where direct interaction with the
matrix of coal occurs, which leads to the formation of surface complexes or reduction (Zhabkina et
al, 2005) [16]. This makes it possible to obtain drinks with qualitatively new or better organoleptic
and physicochemical parameters (Zhabkina et al, 2005) [16].

Requirements of normative documents for active impregnated grade A coal: silver content —
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0.08-0.11%; bulk density is fixed; fractional composition, mass fraction of the residue on the sieve
with a hole diameter: 3.6 mm —not more than 2.5%, 1.0 mm — not standardized, 0.5 mm —not more
than 3.0%; on the pallet — 2,0%; mass of water —no more than 15%.

Requirements of regulatory documents for impregnated active grade B grade coal: silver content
—0.06-0.08%; bulk density is fixed; fractional composition, mass fraction of the residue on the sieve
with a hole diameter: 3.6 mm —not more than 2.5%, 1.0 mm — not standardized, 0.5 mm —not more
than 3.0%; on the pallet — 2,0%; mass of water —no more than 10%.

Requirements of the normative documentation for active BAU-A-Ag silver impregnated coal:
silver content — 0.08-0.11%; bulk density — not more than 240 g/dm?; grain size: >3.6 mm — not
more than 2.5%, <3.6...1.0 mm — not standardized, <1.0 mm — not more than 2.0%; mass of
moisture —no more than 10%.

Impregnation of activated carbons with metal ions has several disadvantages, the main of which
is the gradual leaching of silver from the surface of the coal (Zhabkina et al, 2005) [16].

Active coals from pits of fruit, nutshells

The use of active carbons obtained from fruit pits, nutshell (cedar, walnut, coconut), leads to the
optimal technological processing modes of sorting, which are significantly different from the modes
of using traditional BAU-A (Petrov et al, 2004) [13].

Obtaining active carbon from the seeds of fruit of fruit trees (apricot, peach) of the MeKS brand
is carried out by their carbonization (pyrolysis at 450-550 °C), crushing to the required particle size
and subsequent activation (Muhin et al, 2003) [11].

The production of active carbon from coconut shell carbonisate is performed by the vapor-gas
activation method at a temperature of 850-870 °C and a consumption of water vapor 5-10 kg per 1
kg of coal (Muhin et al, 2003) [11].

To clean the water-alcohol solutions in the distillery production, the active coal KAU-2 is used
— the product of treatment of a coconut shell at high temperature. According to physico-chemical
parameters of coal, activated KAU-2 should be without mechanical impurities and correspond to the
following indicators: appearance — coarse-grained, black without mechanical impurities; adsorption
activity by methylene blue — not less than 270 mg/g; mass fraction of water — no more than 10%;
bulk density (g/dm)— is not standardized; fractional composition: particles in the size from 3.6 t0 5.0
mm — no more than 2.5%; particles in the size from 1.0 to 3.6 mm — not less than 96,5%; particle
size less than 1.0 mm — not more than 1.0%; mass fraction of ash - not more than 10%; durability at
abrasion —not less than 72%.

Active carbons from various organic wastes

Activated charcoal is obtained from materials that form a solid carbon residue. Among them
stand out: wood — 36%, coal — 28%, brown coal — 14%, peat — 10%, shell coconut — 10%, organic
materials and waste — 2% (Kuzmin et al, 2017) [7]. Only 2% of organic material and waste are
used to produce activated carbon. Therefore, there are actual searches for alternative materials with
the use of existing technologies in the food industry, the waste of which can be used for the
production of adsorbents (Kuzmin et al, 2017) [7].

The proposed method of production of activated charcoal from pyrolyzed wood waste,
which is formed after the smelting of food products, followed by carbonization of non-
isothermal heating and activation at lower temperatures to 500-700 °C in the presence of
H3;PO4. This allows to obtain sorbents with a large yield factor of 80—90% and fractional
composition of particles in the size of 1,0-3,6 mm (Kuzmin et al, 2017) [7]. Parameters of
the porous structure of activated carbon from pyrolyzed wood waste (Kuzmin et al, 2017)
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[7]: total pore volume Vs=0.187 cm®/g (100%); Volume of macropores V,,,=0.047 cm’/g
(25%); volume of mesopores V,,.=0.049 cm’/g (26%); volume of micropores V;,,=0.091
cm’/g (49%).

The method of production of activated carbon from wood carbonisation is proposed,
which includes mixing of carbonaceous raw materials with potassium hydroxide KOH at an
activation temperature of 600-800 °C, with a yield factor of 70-80% and a fractional
composition of particles in the size of 1,0-3,6 mm. Parameters of the porous structure of
activated carbon from pyrolyzed wood waste (Kuzmin et al, 2017) [9]: total pore volume
Vs=0.421 cm’/g (100%); volume of macropores V;,,,=0.034 cm’/g (8.08%); volume of
mesopores V,,.=0.091 cm®/g (21.61%); volume of micropores V,,=0.296 cm®/g (70.31%).

Active coals from fossil coals

The production of activated carbons from anthracite brand KDS-A is carried out by the vapor-
gas activation method at a temperature of 850-870 °C and a consumption of water vapor of 5...10
kg per 1 kg of coal (Muhin et al, 2003) [11].

It is promising to obtain activated charcoal from brown coal at an activation temperature
of 600 °C; activating agent — KOH; exit rate 40.0%; total pore volume V>=0,500 cm’/g
(100%); volume of macropores V,,,=0,040 cm?/g (8%); volume of mesopores V,,.=0.220
cm’/g (44%); volume of micropores V,,=0.240 cm’/g (48%) (Tamarkina et al, 2011) [17].

Natural minerals

Clay minerals have a very high adsorption capacity, together with their high dispersion and
extremely developed surface (Sokolov, 1996) [18]. Five main types of microstructures of clay rocks
were identified — cellular, skeletal, matrix, turbulent and laminar, which affects their properties
during use (Osipov et al, 1989; Grabovska-Ol'shevska et al, 1984) [19, 20].

For the selection of effective sorbents in the distillery production (Mank, Melnik, 2007) [14],
natural dispersed minerals are considered: mordenite, clinoptilolite, Cherkassky montmorillonite,
saponite, glauconite, hydromica, palygorskite. The presented minerals actively adsorb higher
alcohols, reducing their initial content by 3-4 times (Mank, Melnik, 2007) [14].

Each adsorbent has its own advantages in improving the quality of sorting. Therefore, it is
advisable to use the combined compositions of sorbents, consisting of a mixture of several natural
minerals for the adsorption of impurities (Mank, Melnik, 2007; Melnik et al, 2014; Mank, Melnik,
2004) [14, 21, 22].

Advantages:

— by a number of attributes, zeolites belong to molecular sieves, natural sodalite from a wet
mixture of gases adsorbs only water, and the same aluminosilicates, to a greater or lesser extent,
absorb all components of complex mixtures (Kubasov, 1998) [23];

— zeolites containing a significant number of cations, are able to effectively and selectively
extract various ions from solutions, to ensure their concentration. These qualities determine the
widespread use of zeolites as ion exchangers (Kubasov, 1998) [23].

Disadvantages:

— low absorption capacity (adsorption volume) (Kubasov, 1998) [23];

— adsorption occurs mainly, only small molecules — water, oxygen (Kubasov, 1998) [23];

— zeolite, which consists of compounds of aluminum and lead, is dangerous to human health
(Kurtov et al, 2003) [24].
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When methanol is adsorbed on silica gel, the vapors of this alcohol are sorbed on the surface of
the silica gel irreversibly — they cannot be pumped out even in vacuum. During adsorption, a
chemical reaction occurs between the silanol groups of the surface and methanol (Braun et al, 1985)
[25]. With prolonged contact with coal, the content of aldehydes increases in sorting, therefore, with
a dynamic treatment method, it is recommended to lay a layer of silica gel in the columns, which is
the best aldehyde adsorbent than active carbon.

Materials and methods

The object of the study was active carbons of various types: crushed activated wood charcoal
BAU-A; charcoal activated wood crushed BAU-A-LVZ; BAU-A silver impregnated active carbon
(BAU-A-Ag); active stone coal (MeKS); coconut activated carbon (KAU-2); anthracite active coal
(KDS-A).

The research methods are based on the research methods of active carbons by physicochemical
parameters: adsorption activity by iodine; adsorption activity by acetic acid; total pore volume by
water; bulk density; fractional composition; mass of ash; bulk iron; mass of moisture; abrasion
resistance.

The method for determining the mass fraction of moisture is based on the drying of a sample of
coal in a drying cabinet to a constant mass at 105 °C, followed by weighing of the dried sample.

The method for determining the mass fraction of ash is based on determining the unburnt
balance of coal after burning it in a muffle furnace at a temperature of 600-650 °C.

The method for determining the mass of 1 dm® of activated carbon is based on the pre-drying
of activated charcoal to a constant mass. The dried charcoal is placed in a pre-weighed cylinder with
a capacity of 100 cm® and weighed with an error of up to 0.01 g.

Method of determination of grains. Weighing 100 g of charcoal is sprayed on sieves with
rounded eyes in diameter of 5.0; 3.6 and 1.0 mm. The residues are weighed on the fractions and
determine the mass of each fraction as a percentage of the weight of dry coal.

Methods of determination of activity of activated carbon. The activity of coal used to clean
water-alcohol mixtures is determined by several methods:

—  Titerometric method, which is based on the determination of adsorption of acetic acid
(according to Oshmyan): the amount of acetic acid adsorbed by coal is directly
dependent on the activity of coal;

—  lodometric method, which is based on titerometric determination of the amount of
iodine by the difference of the initial amount of iodine taken for analysis and which is
not absorbed by coal.

Determination of the total pore volume by water. The method is based on the determination of
the mass of water, which filled all pores when the boiling water wasused in the water after the
removal of excess water from the surface of the grains.

Results and discussions

As a result of experimental studies of active carbons for alcoholic beverage production, the
following characteristics were obtained:

Active carbon of BAU-A: adsorption activity by iodine — 62%; adsorption activity by acetic
acid — 64 ml; adsorption activity by methylene blue — 129 mg/g; total pore volume of water — 1.72
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cm’/g; bulk density — 215 g/dm®; fractional composition, mass fraction of the residue on the sieve
with canvas: Ne 36 — 1.6%; Ne 10 — 98.0%; on the pallet — 0.4%; mass of ash —4.70%; mass fraction
of water-soluble ash — 1.64%; mass fraction of iron — 0.12%; mass of moisture — 3.8%; abrasion
resistance — 52.8%.

Active carbon of BAU-A-LVZ: adsorption activity by iodine — 69%; adsorption activity by
acetic acid — 73 ml; adsorption activity by methylene blue — 141 mg/g; total pore volume of water
—1.91 cm®/g; bulk density — 221 g/dm?; fractional composition, mass fraction of the residue on the
sieve with cloth: Ne 36 — 1.4%; Ne 10 — 97.6%; on the pallet — 1.0%; mass of ash — 4.95%; the mass
part of water-soluble ash is 1.87%; mass fraction of iron — 0.13%; mass fraction of moisture —4.1%;
abrasion resistance — 59.6%.

Active carbon of BAU-A-Ag: adsorption activity by iodine — 73%; adsorption activity by
acetic acid — 82 ml; adsorption activity by methylene blue — 169 mg/g; total pore volume of water
—2.0 cm®/g; bulk density — 228 g/dm?; fractional composition, mass fraction of the residue on the
sieve with canvas: Ne 36 —2.1%; Ne 10— 96.6%; on the pallet — 1.3%; mass fraction of ash —5.12%;
mass fraction of water-soluble ash — 1.95%; mass fraction of iron — 0.15%; mass of moisture —4.5%;
abrasion resistance — 63.1%.

Active carbon of MeKS: adsorption activity by iodine — 94%; adsorption activity by acetic
acid — 117 ml; adsorption activity by methylene blue — 273 mg/g; total pore volume of water
— 1.57 ecm®/g; bulk density — 572 g/dm?; fractional composition, the mass fraction of the
residue on the sieve with canvas: Ne 36 — 0.1%; Ne 10 — 90.4%; on a pallet — 9.5%; mass
fraction of ash — 3.61%; mass fraction of water soluble ash — 1.27%; mass fraction of iron —
0.19%; mass of moisture — 3.2%; abrasion resistance — 90.1%.

Active carbon of KAU-2: adsorption activity by iodine — 82%; adsorption activity by acetic
acid — 67 ml; adsorption activity by methylene blue — 265 mg/g; total pore volume of water —
1.23 cm?/g; bulk density — 524 g/dm3; fractional composition, mass fraction of the residue on
the sieve with cloth: Ne 36 — 0.2%; Ne 10 — 96.3%; on a pallet — 3.5%; mass of ash — 3.26%;
mass fraction of water-soluble ash — 1.04%; mass fraction of iron — 0.13%; mass fraction of
moisture — 2.1%; abrasion resistance — 86.7%.

Active carbon of KDS-A: adsorption activity by iodine — 51%; adsorption activity by acetic
acid — 62 ml; adsorption activity by methylene blue — 117 mg/g; total pore volume of water — 1.43
cm?’/g; bulk density — 691 g/dm?; fractional composition, the mass fraction of the residue on the sieve
with canvas: Ne 36 — 0.1%; Ne 10—97.2%; on a pallet — 2.7%; mass of ash — 2.4%; mass fraction of
water-soluble ash — 0.78%; mass fraction of iron — 0.10%; mass of moisture — 2.9%; abrasion
resistance — 79.3%.

BAU-A coal is a standard activated carbon for alcoholic beverage production. The
«dynamic method» of cleaning water-alcohol mixtures with activated carbon from impurities
is the classic technology of vodka. In the further analysis, we will use the characteristics of
the BAU-A active carbon as basic for further analysis and comparison with other active
carbons.

BAU-A coal has an adsorption activity by iodine of 62% (Figure 2). The BAU-A active
carbon group specially modified for alcoholic beverage production - BAU-A-LVZ and BAU-
A-Ag has adsorption activity by iodine of 69% and 73%, respectively. These coal has an
adsorption activity by iodine of 7% and 11% more than the base BAU-A. At the same time, the
stone active carbon (MeKS) and coconut active carbon (KAU-2) have a high adsorption
activity by iodine by 32% and 20%. The first conclusion can be made that stone coal (MeKS)
has better sorption characteristics than other coals. Low adsorption activity by iodine showed
active carbon from fossil coal grade KDS-A (-11%).

—Ukrainian Journal of Food Science. 2019. Volume 7. Issue 1 — 107



Food Technology ——

Adsorption activity by iodine,%
100

80

60

40 ~

20 ~

62 69 73 94 82 51
O T T

BAU-A BAU-A-LVZ BAU-A-Ag MeKS KAU-2 KDS-A

Figure 2. Dependence of adsorption activity by iodine on the type of active carbon

The volume of acetic acid adsorbed by coal is directly dependent on the adsorption
activity of coal. BAU-A coal has 64 ml adsorption activity by acetic acid (Figure 3). Modified
active carbons BAU-A-LVZ and BAU-A-Ag have 73 ml and 82 ml adsorption activity by
acetic acid, which is 12.3% and 22.0% more than standard BAU-A active carbon. At the same
time, the stone coal brand MeKS is 45.3% more adsorbing acetic acid and has a greater
sorption activity for acetic acid among all active carbons (117 ml). Coconut active carbon
brand KAU-2 has a standard adsorption activity by acetic acid — 67 ml. Active carbon from
fossil coal has the lowest value of adsorption activity by acetic acid (62 ml).
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Figure 3. Dependence of adsorption activity by acetic acid on the type of active carbon

BAU-A coal has adsorption activity by methylene blue — 129 mg/g (Figure 4). Modified
active carbons BAU-A-LVZ and BAU-A-Ag have 141 mg/g and 169 mg/g adsorption
activity by methylene blue, which is 8.5% and 23.7% more than standard BAU-A active
carbon. At the same time, MeKS stone coal, by 52.7%, adsorbs methylene blue more and has
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a large sorption activity for methylene blue among all active carbons (273 mg/g). Coconut
active carbon KAU-2 has sorption activity for methylene blue — 265 mg/g. Active carbon
from fossil coal (KDS-A) has the lowest value of adsorption activity by acetic acid (117 mg/g).

Adsorption activity by methylene blue, mg/g
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Figure 4. Dependence of adsorption activity by methylene blue on the type of active carbon

BAU-A, BAU-A-LVZ, BAU-A-Ag coals have a larger total pore volume of water of
1.72-2.00 cm?®/g than stone fruit (1.57 cm®/g), coconut (1.23 cm?/g), active carbon from fossil
coal (1.43 cm’/g) (Figure 5). This means that BAU-A, BAU-A-LVZ, BAU-A-Ag coals have
a larger volume of sorbing pores and a greater absorption capacity for organic impurities.

Total pore volume by water, cm3/g
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Figure 5. Dependence of the total pore volume of water on the type of active carbon

Bulk density of coals of stone MeKS (572 g/dm?), coconut KAU-2 (524 g/dm?), active carbon
from fossil KDS-A coal (691 g/dm?®) is more than 2 times higher than the bulk density of the group
of BAU-A coal (215-228 g/dm?) (Figure 6). This will increase the speed of filtering sorts with the
same cleaning efficiency.
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Figure 6. Dependence of bulk density on the type of active carbon

BAU-A, BAU-A-LVZ, BAU-A-Ag coals have a mass fraction of ash of 4.70-5.12%, which is
more than that of stone fruit (3.61%), coconut (3.26%) and active coal from fossil coal (2.40%). It
can be concluded that the BAU-A, BAU-A-LVZ, BAU-A-Ag coals are less pure adsorbents, since
they contain a larger amount of ash, as well as a water-soluble part of the ash (Figure 7).
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Figure 7. Dependence of the mass part of ash, water-soluble ash, the mass of iron on the type of
active carbon

BAU-A, BAU-A-LVZ, BAU-A-Ag coals have a mass fraction of iron of 0.12—0.15%, which
is less than stone fruit (0.19%). Coconut active coal (0.13%) and active coal from fossil coal (0.10%)
have a mass fraction of iron comparable to BAU-A grade coal (Figure 7).

The abrasion resistance of the active carbons of the BAU-A group (52.8-63.1%) is lower than
that of the stone stones (90.1%), coconut (86.7%) and active coal from fossil coal (79.3%), which
allows reducing the consumption rate of active carbons (Figure 8).
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Figure 8. Dependence of abrasion resistance on the type of active carbon

The fractional composition of activated carbons of the BAU-A group more meets the
requirements of the distillery production than that of stone stone (MeKS), coconut (KAU-A)
and active coal from fossil coal (KDS-A), which allows reducing the consumption rate of
active carbons (Figure 9-10).
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Figure 9. Dependence of fractional composition on the type of active carbon
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Figure 10. Dependence of fractional composition on the type of active carbon
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Conclusions

As a result of the research, we can conclude that there is not a single one of the reviewed
active carbons that would satisfy the increased requirements of alcoholic beverage
production. To do this, it is necessary to create various combinations on the basis of BAU-A
grade coal or its BAU-A-LVZ, BAU-A-Ag coal together with stone fruit (MeKS), coconut
(KAU-A) and active carbon from fossil coal (KDS-A). The low performance of some active
carbons will be compensated by the high performance of other carbons. Low values of
abrasion resistance of active coals of the BAU-A group (52.8-63.1%) can be compensated
for by the stone stones (90.1%), coconut (86.7%) or active coal from fossil coal (79.3%),
which can be used in the frontal layer of coal columns. Combined coal will increase the
strength to withstand the pressure of the liquid in the coal columns when the coal particles
rub against each other. Combined active carbons will have adapted sorption and catalytic
performance. The developed porous structure will make it possible to extract from the
aqueous-alcoholic solutions and retain organic impurities in the volume of sorbent pores.
This will improve the tasting properties of vodka.
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Introduction. The research of power consumption and supply
controlling process of the food industry enterprise (FIE) was conducted
in order to increase the efficiency of transmission and use of electricity
resources.

Materials and methods. The research is based on information
systems design methods and modern technical equipment for
automation of power system elements.

Results and discussion. To design the information structure of
the control system an information data model is used, which is
constructed according to the object-oriented principle.

The decomposition of the power supply and power management
processes is performed then the control functions, the interaction
between them and the users of the system are established.

The tasks of power consumption and supply control are realized
with the help of the integrated software and hardware system (ISHS) of
power consumption and supply automated control system in FIE
(PCSACS FIE). The software part of the ISHS includes algorithms for
solving the problems of operational control of power consumption and
supply, the tools of system components interaction with the database
and operating system (OS), as well as the graphical user interface of
interaction of the information computation system with the power
system dispatcher. Links between top-level PCSACS FIE devices are
organized as Ethernet local area network using TCP/IP protocol with a
transmission rate at least 10 Mbps. Communication channels between
the upper PCSACS FIE level and the lower level controllers should be
as a rule fiber-optic, providing absolute noise immunity. The design of
the ISHS takes into account the conditions for the information security
assurance.

Conclusions. The use of integrated software and hardware system
created on the basis of information structure, developed in accordance
with the UML methodology, ensures high efficiency of the power
supply and consumption automated control system in the food industry
enterprises.
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Introduction

The problem of development of automated control systems, that are used to ensure the
reliability of electric power (EP) supply and regulatory norms for the EP quality indices along
with the reduction of EP consumption, is relevant for the food industry, since it allows to
increase the efficiency of generating capacities utilization and to reduce the energy intensity
of products produced by enterprises. Adoption and implementation of adequate and effective
management decisions for controlling the power consumption and supply of food industry
enterprise (FIE) are provided on the basis of improving the structure, models and methods of
management, the use of modern information technology and human-machine procedures.

We will consider scientific works devoted to the problems of software and hardware
used in designing of automated control systems for power consumption and supply of
industrial enterprises. Article [1] presents the structure and technical means of the automated
system for registration of EP consumption "E1 - Energouchet". The system has two levels.
At the lower level electronic counters "Euro Alpha" and "Alfa Plus" with digital
communication channels are installed, and on the top level - modern computers with
dispatcher’s automated workplaces. The system is based on the client-server architecture and
allows you to support the work of any number of client computers with dispatcher’s
automated workplaces. However, this system solves only the problem of monitoring the EP
consumption.

The article [2] presents the software and technical means of the EP fiscal metering
system made by the company "Energomera". The software, in the form of a set of software
modules, allows you to organize the EP commercial metering of the power consumption
objects. The set of technical means provides automation of the dispatcher’s workplace,
reports generation for creation of various forms of documents; data collection and database
managing; determining the parameters of the devices of the electricity consumption metering
system.

As a result of the analysis of works [1,2] it was established that the software and
technical means represented in these works solve only the problems of the EP metering and
do not allow to deal with problems of electric power consumption and supply automated
control for industrial objects.

Recently, modern industrial controllers and SCADA systems are widely used in the
design of automated power management systems [4]. The use of the listed above technical
means allows to solve in real-time the problems of commercial metering of EP consumption,
technical metering and monitoring of electrical loads of industrial enterperises, interaction of
the operator with the information system, which is the basis for solving the problems of
controlling the power consumption and supply of FIE.

Analysis of works [4-6] showed that the represented software and technical means
provide only functions to control the electric power and the EP consumption. However, these
means do not allow implementing the functions of monitoring the state of the electricity
supply system, as well as standardization, planning, predicting and optimal control of power
consumption and supply of industrial enterprises, which allow obtaining the main economic
effect.

Objectives of research: to develop the information structure, software and to choose
technical means for designing of an automated control system for power consumption and
supply in the food industry enterprise on the basis of data collection and computer systems.
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Materials and methods

The process of managing power consumption and supply of FIE is studied, an
information structure of the automated system, software algorithms are designed and the
choice of technical means is carried out.

The research was conducted in the following order:

— ause case diagram has been constructed, in which the control system is represented by
sets;

— the information structure of the automated control system of power consumption and
supply of the FIE is developed;

— the software requirements are determined and the choice of technical means is made.

The UML methodology is used to build the information structure, which provides the
development of representative models for the organization of interaction between the
customer and the developer of information systems (IS) as well as different groups of IS
developers, and also contains mechanisms for the expansion and specialization of basic
concepts of language.

Results and discussion

Let us consider the features of power consumption and supply systems as control plants.

Power supply and consumption systems of FIE are the most complex and important
objects in comparison with other control plants. Their main features are as follows:

— at every moment electricity generation strictly corresponds to its consumption (there is
no “electricity warehouse”);

— in the case of failures, electrical transients are so fast that operational personnel can’t
prevent accidents propagation, without automatic control it is impossible to ensure
reliable operating of the power supply system;

— failure of some element of the power consumption and supply system can lead to a
complete disbalance of production, transmission, distribution and consumption of
electricity and to the collapse of power system, as well as to the technological process
violations, leading to enormous losses;

— returning to the normal operating mode can take a relatively long time; it is supposed that
if within half an hour it wasn’t possible to restore the normal mode, then the recovery
period may be delayed for several days due to the batteries discharging and the loss of
operational current when closing switches without the additional equipment is
impossible.

Therefore, for power consumption and supply automated control system (PCSACS),
it’s significant to have high performance at the main levels of control, which is adequate to
the speed of processes occurring in electric networks. At the PCSACS’s lower level one uses
specialized high-speed devices for powers system protection, oscillographic recording of fast
transient failures and accidents propagations. At the upper level, one sets the minimum
response time of the system and the fastest level of providing information. In order to find
out the reason of failure, to analyze and compare the events and processes that occur in
different parts of the power supply system, they need the same reference time. In addition,
these processes must be time-bound with the events occurring in the power grid. Therefore,
PCSACS provides the common timing system (CTS) for all controllers of the lower level,
which are distributed over the enterprise's area. The accuracy of the binding of events to the
CTS is determined by the high-speed processes taking place in the power consumption and
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supply system of the food industrial enterprise (PCSSFIE). CTS usually provides a temporal
binding of the primary information, coming from the object, to the state scale of a common
time with an accuracy of not less than 5 - 20 ms. For PCSACS’s equipment it’s required high
level of protection from electromagnetic interference (noise), since a significant part of the
equipment is spatially located in zones which are prone to this effect. All devices and means
of measurement must meet the special requirements for interference protection.

Taking into account the specifics of processes and different professional levels of the
operational personnel of the dispatching control systems of mechanical and electrical
processes, the complex objects require independent operator’s workplaces. Territorially
technical means of automated electrical and thermal-mechanical control systems are usually
not combined. Digital power relay protection devices, reactive power compensation and
power quality assurance devices, devices for communication with the object and sensors
(current and voltage transformers, sensors of discrete signals, etc.). Electrical devices control
systems are located in the substations of 0.4 kV and switchgears of 6 -220 kV accessed only
by specially trained electrotechnical personnel, on the other hand residual-current devices of
technological automated control systems and their sensors (temperature, pressure, losses,
etc.) as well as individual consumers of electric energy are placed in the premises of
technological equipment who’s access do not require special electrotechnical training.

Features of PCSACS software structure

These features are: the availability of optimization tasks of PCSSFIE’s operating modes,
power system reconfigurations, improving the EP quality, emergency protection automatics,
emergency automated control for providing static and dynamic stability, remote change of
set points, registration and storage of transient and emergency information, processing
oscillograms with the symmetric components detection and the construction of vector
diagrams, switching consumers-regulators (CR) etc. For these purposes, in addition to high
response rate, there is a need for large amounts of memory in control devices and the
specialized centralized data store, on the basis of which these tasks could be solved. In
PCSACS design one also takes into account the special aspects of maintenance of electrical
devices and climatic conditions of PCSSFIE.

PCSACS combines the above-mentioned control systems of individual electrotechnical
objects, automation, control and protection devices into a single information and control
system, which enables operating personnel to control the operating modes of PCSSFIE and
external power supply system. It should be taken into account that these devices and
automatics solve the problems of local control of individual objects, relatively independent,
geographically they can be in different parts of the PCSSFIE and provide the implementation
of a single task ensuring the functioning of the PCSSFIE, coordinated with each other in
accordance with the principles of operation, control algorithms and parameters triggering The
autonomy of these devices is the main principle of the reliability of their operation in normal,
emergency and post-failure modes.

Algorithms and methods of power consumption and supply control in FIE

To ensure the effective operation of PCSACS it is necessary to perform an analysis of
PCSSFIE: the functions that ensure system’s operating modes and the interaction between
the automated control system (ACS) and the system’s users. These functions are: gathering
information and verifying it for reliability; monitoring of the technical state of the electric
network; interactive interface of the power system dispatcher with the information and
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computing system (ICS), which provides visualization of the issued recommendations and
immediate reasonable decision-making process for power consumption and supply problems
in real-time mode.

For the construction of ready-made solutions in PCSACS there is a subsystem of control
procedure selecting, which is supposed to be a functional block. Solutions, formed by the
automated subsystem of control procedure selecting, are complete, on their basis one can
uniquely make corresponding management decisions. However, the final decision on
choosing the control command, depending on the situation, can be made by the dispatcher.
This is due to the fact that by no means always quantitative analysis of the situation provides
the only correct solution.

It should also be noted that effective control of power consumption and supply in FIE
implies the availability to the dispatcher of necessary information about the current and
predicted state of the PCSSFIE. This requirement leads to the need to monitor the production
cycle parameters. This does not mean the need to create an additional system of data
collection, since in many cases, monitoring of technological processes already exists and it
is only necessary to obtain the necessary data from the corresponding automated control
system (ACS) service server of the technological process or from the enterprise’s ACS server.

In the studied system the users are (Figure 1):

Figure 1. The Use Case Diagram of power consumption and supply control system
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Al: Control Plant (CP). A control plant of power consumption and supply is the electric
network of FIE and electrical devices.

A2: Receiving and transmitting devices (RTD). These are tools used for polling sensors
and getting their data. Industrial controllers, digital relay protection and specialized hardware
devices for data collecting and transmitting, all they serve as RTD.

A3: Information and Computing System (ICS). The system, which implements a set of
mathematical methods and software tools for their implementation, aimed at solving the tasks
of controlling the power consumption and supply of FIE.

A4: Power system dispatcher. He is a member of Chief Power Engineer’s Department
(CPED), who interactively manages the power consumption and supply of the FIE in the real-
time mode interacting with ICS.

AS: Application specific workstations (ASW). These workstations are a set of hardware
and software tools for the employee to fulfill their official duties.

B1: Power consumption and supply control database of FIE. The database is a source of
data. It stores the data of meters and sensors, which is necessary for PCSACS tasks
completing.

B2: Technological Department Dispatcher (TDD). The specialist who monitors the
production process and performs in real-time mode control of repairing and restoration tasks
on the enterprise’s power system.

B3: Electrical engineer. He is a specialist of CPED, which controls the work of all users.

B4: Chief Power Engineer. Its function includes interaction with other structural
subdivisions of the enterprise and external organizations.

Functions performed by PCSACS of FIE:

ABI11: Registration of measured data. For the registration of telemetering data, polling
of meters and sensors at predetermined time intervals and transmission of their reading to
ICS are carried out.

AB12: Monitoring of technical condition. The main regulatory duty of the power system
dispatcher is to control the operation of the FIE’s power system and its consumers. Using the
data stored in the database, as well as the recommendations of the ICS, CPED staff ASWs
receive the relevant data on the status of controlled system elements. Based on it, a conclusion
about the quality of the power system operation is made.

ABI13: Displaying operational data about the status of PCSSFIE. With the help of the
interface, the ICS translates data from the database to CPED staff ASWs.

AB21: Data verification. Efficiency of power consumption and supply control of FIE is
largely determined by the reliability and quality of data coming from measuring devices.
Therefore, a separate task is to ensure the reliability of the measurement data — the detection
of error (abnormal) measurements of controlled quantities. This task is an integral part of any
control system, since unresolved gross errors in measurements determine the reliability of
the data used to make control decisions.

AB22: Searching for solutions for operational-dispatch control (ODK) tasks. The main
ODK tasks are operative restoration of FIE’s power supply and normal parameters of released
electricity; creation of the most reliable post-failure scheme and operating modes of FIE’s
power system; determination of the state of disconnected electrical equipment and
restoration of its electricity supply; switching on and off consumers-regulators to maintain
rational levels of power consumption. This is done by reconfiguring the FIE’s power system
by changing the position of the switches and redistributing the load between power
consumers.

AB23: Choosing a network topology and selecting control actions. This function
describes a possibility of choosing a new topology of the FIE’s power system in cases of
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emergency situations as well as during power equipment repairing period and power
shortages in external power system.

AB24: Determining of the power consumption level declared by FIE. Every day, a
summary of power consumption indicators of by production units are consolidated: actual
and planned absolute and specific power consumption, coefficients of use of the established
limits, cost rates. On the basis of this data, decisions are made to maintain the power
consumption parameters of FIE within the specified limits. ODK decisions preparing is
carried out using the decision support subsystem.

AB25: Predicting and normalizing electrical loads. Proceeding from the tendency of
changes in power consumption and quantity of released products, the prediction of electrical
loads and the normalization of power consumption are carried out at the power system nodes,
to which separate technological facilities are connected.

AB31: Maintaining of the system’s database. For efficient control of power
consumption and supply electricity of FIE in real-time mode, an information database on
electric power system is filled and maintained in the actual state. Its main functions are the
execution of tasks scheduled by the administrator and transfering of data to remote clients —
ASW (Chief Power Engineer ASW, Electrical Engineer ASW, Power System Dispatcher
ASW, etc.).

AB32: Prohibiting performing control actions (CA). In the event that the actions of the
Power System Dispatcher to change the position of the switches and disconnect the electrical
receivers contradict the schedule of planned repairs, the Chief Dispatcher shall prohibit the
implementation of such actions.

AB33: Determining of power supply modes indicators.

AB34: Determining of power consumption modes indicators. The operating of the
power system and of the electric consumers, as an integral part of PCSSFIE, is characterized
by a set of indicators whose values determine the operating mode of the power system and
consumers in time. Quantitative indicators of the operating mode are the values of electric
energy, power, voltage, current, EP quality indices and other parameters determined by the
tasks solved by the system.

On the basis of the Use Case Diagram, the information structure of PCSACS in Data
Flow Diagram (DFD) notation was developed (Figure 2).
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Figure 2. Information structure of PCSACS

Functioning of the information system is provided by the following users and
subsystems: OK — control plant (PCSSFIE); AO — Production Department Dispatcher ASW;
AGE — Chief Power Engineer ASW; AEC — electrical department ASW; AED — Power
System Dispatcher ASW; PAQ — subsystem (module) of power consumption modes analysis;
PAE — subsystem (module) of power supply modes analysis; BD — PCSACS database, PBNE
— subsystem (module) for calculating balances, norms of EP expenses; PPE — subsystem
(module) for predicting EP consumption; POE — subsystem of power supply modes
optimization; PUSR — selecting subsystem SR and power consumption optimization; KDCE
— generating subsystem of control actions for FIE power consumption and supply control.

The following Data Flows are used for control actions generating and decision making:
A1l — limitations on the power supply system (PSS) topology and of the CR list; A2 — cost
plan and CR list, A3 — decisions to ensure normative values of EP quality indices (EPQI),
optimal modes and PSS topology; A4 — data concerning power consumption and CP
selecting; A5 — data on PSS modes and decisions; Bl — approved decisions on the
normalization of EPQI and the PSS topology selecting; B2 — approved EP and CR cost plan;
B3 — estimated EP values; B4 — balances and EP consumption rates; B5 —list of enabled CRs;
B6 — data concerning the control plant status; C1 — balance and expenses of EP, actual and
predicted power consumption levels and CRs; C2 — operational data on the state of the PSS;
C3 —actual costs of EP; C4 — decisions taken on CRs; C5 — data on production output; C6 —
actual costs of EP and EP limits; C7 — approved EP schedule; C8 — PSS mode parameters;
C9 — list of disconnected CRs; C10 —recommended topology of PSS; C11 — approved levels
of EPQI. As a result of system operating, the following control actions are formed: D1 —
control actions for PSS optimizing; D2 — EPQI controlling decisions; D3 — prohibiting
performing control actions; D4 — decision on PSS topology; D5 — made decisions on power
system management; E1 — control actions transmitted to the control plant; E2 — information
required for selecting the CR and PSS topology.
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Application specific workstations (ASW)

PCSACS includes ASWs of Administrator, Chief Power Engineer, Power System
Engineer, Power System Dispatcher, Equipment Repair Engineer and Economist, which
include a set of functions assigned to them.

Administrator’s ASW should provide: access to the configuration of the logical scheme
of the control system; creating and editing of database queries used by other ASWs; data
exchange between databases and Microsoft Office programs; maintaining a system event log
and accessing its records.

Power System Engineer’s ASW should provide: analysis of the company's power
consumption, calculation of power consumption and power balance; choosing optimal
control parameters of FIE power consumption.

Chief Power Engineer’s ASW should provide: on demand displaying of the necessary
current and reporting information about the company's power supply.

Power System Dispatcher’s ASW should provide: displaying electric schematic diagram
with state of switching equipment; displaying current and summary expenses of electric
power for power consumption units; displaying of daily charts of power consumption by
power consumption units in tabular and graphic form; displaying the enterprise's power
consumption predicted values and warning about possible exceeding of the established limits;
FIE power supply control on the basis of human-machine dialogue in real-time mode.

Electrical Equipment Repair Engineer’s ASW should provide: making and displaying
of the repairing schedule for electrical equipment; displaying data on demand about the
current technical condition of electrical equipment.

Power Management Engineer’s ASW should provide: implementation of the power
consumption limits regulated by the power supplying company; analysis of the enterprise's
power consumption in economic terms, obtaining necessary reports and transferring
information to other departments of the enterprise.

The hierarchical structure of the information control system is presented in Figure 3. To
provide the functioning of the information system, an integrated software and hardware
system (ISHS), consisting of hardware and software components, has been developed.

Software part of ISHS

The main element of this part of ISHS is the information and computing system (ICS),
which includes software modules that implement algorithms for solving power consumption
and supply control tasks, the means of interaction with the enterprise power system database
and operating system (OS), as well as the IEC graphic user interface for a dispatcher, a power
system engineer, an power management engineer, a chief power engineer. To solve the
above-mentioned tasks, the following software modules (subsystems) are supposed:

—  module of digital relay protection and emergency automatics terminals (DRPA);

—  I/O module for data which is not transmitted through the DRPA terminals;

—  precise astronomical time input module;

— module of the central (common for generating units) and local (in area of the
switchgear) alarm;

—  module for power supply system control;

—  module for electric power quality control in PSS;

—  module of automated configuration of power supply system;

—  module of automated control of FIE power consumption.
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Figure 3. Hierarchical structure of information system of power consumption and power supply
management

Hardware part of ISHS

The hardware part of ISHS is based on a local area network (LAN). It’s a distributed
system, which includes geographically remote objects. The main source of data in PCSACS
is the multifunctional digital relay protection and automatics of power supply system (DRPA
terminals), which are at the same time devices of the PCSACS lower level. In addition,
remote control units for electrical equipment (RCU) may be used. They provide the collecting
and transferring to operator’s level about 90% of data necessary for the PSS operational
control. Naturally, PCSACS is constructed, as a rule, on the basis of serial specialized control
systems of the manufacturer of digital terminals.

The data received from DRPA terminals is used on workstations to form the mimic
diagram of the switchgear, display current parameters, control and other purposes. However,
when the feeder is out of service, when there is no operational current, the terminal stops
transmitting data. Therefore, in order to obtain on the workstation’s screen the image of
circuit breaker under repair, the disconnectors and grounding blades position, the data from
the block contacts of these devices is transmitted through the remote terminal units (RTU),
which have independent operational current.

Power supply of RTU and connected circuits is organized using a separate circuit
breaker, since it should not depend on the feeder operational current. The data from DRPA,
RTU and ACS is transmitted via digital fiber-optic channels to the server that takes a central
place in the PCSACS. The server has connection channels to the lower level of control,
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operators’ workstations (computers), the common time system, automated system of energy
resource technical registration and the router.

The main technology control system and dispatcher control system are connected to
PCSACS through a router, which connects these different networks and forwards data
packets between them.

General principles of data exchange organization in ISHS

Data flow from electrical devices to workstations, adjacent and higher level systems, as
well as control commands in reverse direction, is carried out using lower and upper level
LAN.

The lower level LAN transmits data from electrical devices to the server and the control
commands in the reverse direction.

Connection of electrical devices to the lower level LAN is carried out through the data
communication ports available in the DRPA devices, local automation systems and in RTU.
The upper level LAN transmits information from the server to PCSACS workstations,
adjacent and higher level systems, as well as control commands in the reverse direction.
Requests for server data and sending control commands are performed by workstations called
clients, and the structure of network architecture - client-server or dedicated server. For the
data exchange in the networks of the lower and upper levels PCSACS uses the physical
communication channels through which the data is transmitted in the form of electric, optical
or radio signals (electrical or optical cables, radio or satellite communication channels). Data
transmission is carried out according to certain rules, defined in data communication
protocols. Data communication protocols are implemented in network software.

Organization of data transfer to ISHS

For data transmission, communication lines of RS-485, RS-422, RS-232C interfaces are
used. Depending on the used interface only the electrical parameters of transmitters,
receivers, as well as the construction of communication lines will be different. In these lines,
data is transmitted in packets ranging from tens to several hundred bytes. It uses an
asynchronous serial start/stop data transmission in which the bytes of each packet are
transmitted sequentially one after another, bit per bit. In the case of asynchronous data
transmission, there is no special line for synchronization of the transmitter and the receiver.
The data to be transmitted is the control commands; signals characterizing the state of the
equipment and its operating mode; emergency and warning alarms; measured values of
currents, voltages, frequencies; other technological parameters and discrete signals. The
software in DRPA, RTU, controllers, and other devices runs in a loop that can only be
affected by extraordinary events, such as the appearance of device events requiring
immediate processing and causing program loop interruptions. The program loop can range
from one to hundreds of milliseconds.

Connection of DRPA terminals, electronic meters and security terminals is provided
through high-speed interfaces. High speeds of data transmission and processing allow the
same interfaces and data communication protocols to be used at the lower and upper levels
of the ACS, which simplifies its structure. On the other hand, the modern development of
telecommunication technologies allows designing highly reliable networks due to the use of
duplicated communication channels and specialized protocols for relay protection Modbus,
TCP/IP, IEC 61850 and others, reserve the Ethernet network star topology. Consider the
option of the PCSACS structure, where at the lower level ABB’s REX 600-th series terminals
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(RET 615, REF 620, REM 620, etc.) are installed. These terminals can be equipped with an
additional communication module that has two independent optical Fast Ethernet ports
(100Base-FX interface). For working in Fast Ethernet networks terminals include protocols
IEC 61850, DNP3, TCP/IP. Using these communication modules, one can build a completely
redundant network for the "star" or "ring" topology.

In the redundant network of "star" topology there are two Ethernet switches. Each
switchboard is connected to one optical port of the communication modules of all DRPA
terminals. On the PCSACS server, two network adapters are installed, each of which connects
to the corresponding switch. In fact, such a network consists of two independent networks.
If one of the networks fails, data transmission will continue in the second network with zero
switching time. The main advantage of such a scheme is its high reliability through 100%
redundancy, network independence of state of the individual terminals, which switching off
or malfunction does not affect the rest of the network. As disadvantage of this scheme one
can consider the need to lay a large number of cables — two from each terminal to the
switches. It should also be noted that, since there are no direct links between the terminals,
the GOOSE messages will be transmitted through an additional element - the switch.

SCADA systems specifications

SCADA systems are the basis of operational-dispatching control systems of power
consumption and supply operating modes.

To create Windows-like user interfaces, communications with meters and actuators,
SCADA-based systems on the MS Windows platform are used. They contains standard data
interfaces and API functions that facilitate the development of individual control subsystems
and their integration into power system ACS of the enterprises’ ICS (integration with ERP-
systems SAP, "Galaxy", etc.). The software is developed using both built-in languages of
SCADA systems or languages that allow designing interface to them, using the known
CASE-tools and the universal modeling language UML (Rational Rose and ARIS), what
greatly simplifies the process and reduces design time of control system.

When developing the software it’s reasonable to use existing, ready-made COTS
(Commercial Off-The-Shelf) problem-oriented tools.

An approximate list of criteria for evaluating SCADA systems can be conventionally
divided into three large groups of indicators:

— specifications;
— cost characteristics;
— performance characteristics.

Hardware platforms for SCADA systems. The analysis of the list of such platforms
is necessary, since it decides the question whether the implementation of this SCADA system
is possible on the available computing tools, as well as assessment of the cost of system’s
technical support (being developed in one operating environment, the application can be
implemented in any that supports the selected SCADA package). In different SCADA
systems, this issue is solved in different ways.

At the same time, such SCADA systems as RealFlex and Sitex accept as the basis for
software only one operating system — real-time OS QNX.

The vast majority of SCADA-systems are implemented on MS Windows platforms.
These are such systems that offer the most complete and easy to upgrade MMI - tools.
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Tools of SCADA-systems network support. Obviously, for the efficient functioning
in this heterogeneous environment, the SCADA system should provide a high level of
network service. It is desirable that it should support standard network environments
(ARCNET, ETHERNET, etc.) using standard protocols (NETBIOS, TCP/IP, etc.), and also
should provide support for the most popular network standards from the class of industrial
interfaces (PROFIBUS, CANBUS, LON, MODBUS, etc.) These requirements anyway
satisfy practically all of the SCADA systems considered, with the only difference that the set
of supported network interfaces, of course, is different.

Built-in command languages. Most SCADA systems have built-in high-level
languages, VBasic-like languages, which allow you to generate an adequate response to
events associated with changing the value of a variable, with a certain logical condition, with
a keystroke, as well as with the execution of some fragment with given frequency relative to
the whole application or a separate window.

Database support. One of the main tasks of dispatch and control systems is the data
processing: collection, real time analysis, storage, compression, forwarding, etc. Thus, in the
system to be created, there should be a database.

Almost all SCADA systems, including Genesis, InTouch, and Citect, use the ANSI SQL
syntax that is independent of the database type. Thus, applications are virtually isolated,
which allows you to modify the database without seriously changing the application itself,
create independent software for analyzing information, use the already developed software,
focused on data processing.

Graphic features. Functionally graphical interfaces of SCADA-systems are very
similar. Each of them has a graphical object-oriented editor with a certain set of animation
functions. The vector graphic makes it possible to perform a wide range of operations on the
selected object, as well as to quickly update the image on the screen using the animation
tools.

It is also extremely important to support the GUI (Graphic Users Interface) in these
systems. Since most of the SCADA systems are running under Windows, it determines the
type of GUI used.

Openness of systems. The system is open, if it identifies and describes the data formats
used and the procedural interface, allowing it to connect to the "external", independently
developed components.

Development of own software modules. In the face of the automation system
developers, the question often arises about the creation of their own (not provided within the
framework of SCADA systems) software modules and their inclusion in the created
automation system. Therefore, the issue of system openness is an important characteristic of
SCADA systems. In fact, the openness of the system means the availability of system
specification calls (in the sense of SCADA) that implement one or another system service. It
can also be access to graphic functions, functions of operating with databases, etc.

I/0 drivers. Modern SCADA systems don’t restrict the choice of lower-level hardware,
since they provide a large set of drivers or I/O servers and have well-developed means for
creating their own software modules or drivers for new lower-level devices. The drivers
themselves are developed using standard programming languages. The question, however, is
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whether the SCADA-engineer needs only the specifications for access to the system kernel
supplied by the firm-developer in the standard set (Trace Mode), or he requires for the
creation of drivers special packages (FactoryLink, InTouch), or, in general, developing
drivers must be ordered from the developer company.

The development of a control system using SCADA systems includes the following
steps:

* Development of the automation system architecture as a whole. At this stage, the
functional purpose of each node of the automation system is determined.

* Solving issues related to the possible support of a distributed architecture, the need to
create hot node backups, etc.

* Creating an applied control system for each node. At this stage, a specialist in the field
of automated processes provides the nodes of architecture with algorithms, the totality of
which allows you to solve automation tasks.

» Matching the application system parameters with the information exchanged between
lower-level devices (for example, programmable logic controllers — PLC) with the outside
world (processor sensors, actuators, etc.).

* Setup of the created application in the mode of emulation.

Technical means for power supply system automation

Currently, modern protection, automation and control microprocessor devices (RPA
terminals) of various primary electrical equipment are widely implemented at all voltage
levels of 0.4-110kV and above. Terminals are used in secondary switching circuits for use as
primary and back-up protections.

Complete devices of protection, control and automatics. Simultaneously with the
implementation of the relay protection functions, RTU-terminals are lower level interface
devices in control systems. Terminals can transmit measurable values, parameters of
emergency modes, set point values, oscillograms, the equipment state in the control system,
and also perform remote control of the control plant. Integration of relay protection terminals
into the ACS allows reducing the capital costs of the RTU equipment when creating the
power supply ACS.

Terminals of protection and control are designed on a microprocessor element base for
protection of various primary electrical equipment. Terminals are used in circuits of
secondary switching for use as main and reserve protection with voltage 0.4 - 35kV.

Process controllers and telemechanics devices are used as controllers and easy to
adapt to different transmission environments and traffic modes. Terminals have a modular
structure and can be used on objects with a number of signals from 20 to 1800. Terminals
allow flexible programming of collection, primary processing and transmission of data and
provide execution of local automation functions.

Alarm devices are intended for organization of the local or central signaling system of
the power unit.

The device displays on the local panel a group or individual alarm, it manages an audible
alarm. It is equipped with a communication port for connecting to the ACS a portable
electrician ASW (relay) to work with protections and an event printer. The standard protocols
ANSI and MODBUS are used for the exchange of upper level control systems.
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The device for receiving and transmitting data (DRTD) is intended to provide the
functioning of the local automated metering system the enterprise and performs the following
functions:

— collection of measurements from digital and pulse outputs of meters;
— calculation of the named parameters of electric power;
— maintaining archives;
— support for communication with local ACS and remote ASW Energosbut.
The device performs functions of collecting, pre-processing and storing data.

Electricity metering and control systems

For technical and commercial electricity metering, installed counters with pulsed
outputs or intelligent digital counters (for example, "Alpha") are used. Intelligent counters
perform the following functions: electricity metering for 4 tariffs, 4 seasons, 4 types of weeks
with an accuracy class of 0.2 and 0.5; measurement of active and reactive power in two
directions; power quality control; load schedule storage; transmission of measurement results
via digital and pulse channels.

To store electrical quantities analog values in the system special devices can be used
that combine the functions of sensors and control the quality of electric power.

The system should provide the following system-wide functions: maintenance of a
single system-wide database; system administration with the availability of different levels
of access, ensuring access control of database users; software integration with existing system
development tools; configuration settings for the system menu for ASWs; the maintenance
of a system log of events.

The implemented software system solutions should provide the opportunity to further
increase the number of control plants, types of energy sources, types of information analysis
and number of ASWs, as well as integration of the system with other ACS subsystems.

Conclusions

The use of the UML methodology to analyze the power consumption and supply control
process of FIE allows identifying the users of the control system and the basic control
functions. The design of the information structure is performed according to the DFD
methodology, which reflects the main data flow that provides control of power consumption
and supply. To implement the control functions the integrated software and hardware system
is developed. It consists of modules that ensure the operation of PCSACS. For data
transmission communication lines are utilized, which are built using interfaces such as RS-
485, RS-422, RS-232C. The SCADA systems are the basis of power consumption and supply
modes operational-dispatcher control systems. The technical means of PCSACS are modern
microprocessor protection, automation and control devices (relay protection terminals) of
various primary electrical equipment of all levels of voltage 0.4-110kV and above.
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Introduction. Conducting a comprehensive analysis of
methods and tasks for ensuring the effective implementation
of innovative thermal compensating devices.

Materials and methods. Physical and mathematical
modeling of processes, the principles of the theory of
automatic control, the theory of fuzzy logic were used.

Results and discussion. The compensation of overhead
power lines wires sag creates conditions under which it is
possible either to increase spans, or to reduce the height of
the towers while preserving the existing estimated spans. As
a result, the specific consumption of the supports, linear
fittings, insulation is reduced, and the time for construction
of the power lines is also reduced. Taking into account the
existing norms, it is possible to increase the span of the power
line of different voltage classes by 7-10%.

As a result of the conducted research, a method for
calculation and optimization of existing devices for thermal
compensation of power lines wires sag has been developed.
A multifunctional device for compensation of temperature
arcs of sagging of power lines, which allows to optimize both
working and projected power lines is proposed.

Conclusions. The results of this work should be used in
electrical networks with overhead power lines of all voltages.
The Ukrainian thermal compensator is a new class of
equipment for power lines, which solves the problem of
temperature extension of wires, using a material that
responds to the temperature changes by changing its
geometric shape and size and is more reliable than the
American one.
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Introduction

The purpose of this work is the development and analysis of multifunctional devices for
compensation of temperature sagging of power lines wires, optimization of their parameters,
analysis of combined work of wires in spans with such devices. The results of this research
can be applied to power lines of any voltage ratings.

Increasing the efficiency of operation of electrical networks by introducing the latest
technologies and equipment requires solving a number of complex scientific and practical
problems, among which the problem of imperfect regulatory framework and insufficient
information provision on innovation activity is central.[1,3,4,13,15,17].

Materials and methods

Increasing the length of the power lines spans or reducing the height of the towers while
maintaining the existing estimated spans can significantly reduce the cost of building
materials, linear fittings, isolation during the construction of power lines. Optimization of
power lines can be achieved by using special devices that increase the tension force in the
wires with increasing temperature and reduce the temperature induced sag of the wires. Such
devices by the authors were called thermal compensators of power line arcs of sagging. The
active thermocompensation of the arcs of sagging can be achieved with the help of force
elements, which are fastened to the wire and act on it. The production of devices with
negative temperature extensions for a certain temperature range became possible after the
discovery of the unique property of some alloys to "memorize" the shape [1,2,4,12,14,16].

Most clearly this property is expressed in the alloy of nickel with titanium - nitinol. The
sample of this alloy is heated for transition to a high-temperature modification and in this
state it is given a certain shape. Then the alloy is straightened out below critical temperature
and is transfered to another, low temperature phase. This phenomenon reminds the
thermoelastic transformation. Due to the fact that the material with a “shape memory effect”
(SME) has a significant impact strength, a high endurance limit, easy to forge, efficiently
dampens vibration, does not corrode even in seawater, does not oxidize when heated to a
temperature of 880°K, does not crack under stress and is non-magnetic, from this material it
is possible to make a power element in the form of a thread with the length 1-8 m and to
attach it parallel to the segment of the wire in each span [2,4,15,17]. (Patent of Ukraine
Nel7994, F03G 7/06./Ukrayinets A.l.  Shesterenko V.Ye., Patent of Ukraine
Ne19634,/Ukrayinets A.l. Shesterenko V.Ye., Patent of Ukraine Ne 42169, HOIR
11/00./Ukrayinets A.L., Shesterenko V.Ye., USA Patents NoUS 2014/0021327 Al,
Ne6864421B1).

Results and discussion

The main requirement for the operation of the thermal compensator with SME: the
length of the section of the wire, parallel to which the thermal compensator attaches, must be
equal to the length of the thermal compensator in the unloaded state, increased by the
magnitude of the maximum permissible deformation of the compensator in the area parallel
to the wire, and the value of the maximum possible deformation of the thermal compensator
must be equal to the absolute elongation of the wire in the given temperature range [1,2,4].
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American thermal compensator

The Sagging Line Mitigator (SLIM) is able to automatically compensate for sag in a
suspended or hanging line, such as a power line. It uses a material that changes its dimensions
as a function of temperature. One such material is shape memory alloy (SMA) which
undergoes a phase transformation upon temperature change and produces a significant
change in size and geometry. In this invention, the SMA will contract as its temperature
increases. The contraction of the SMA produces a pulling force (increasing tensile force)
which is indirectly transferred to the suspended line, effectively pulling in the slack and
reducing sag. SLIM uses at least one lever to amplify the SMA length change and transfer it
to the suspended line.

Figure 1. Thermal compensator “SLIM”, designed in USA, simplified general view
(USA patent US6864421B1).

Ukrainian thermal compensator, principle of operation

Figure 2. Principle of thermal compensation of an arc of sagging on power line, a)thermal
compensator in the initial state; b) thermal compensator after triggering.

Using unique properties of SME material it became possible to have zero or negative
extension of power line wire with increase in temperature [1,17]. A dependence between
thermal compensator deformation and temperature is shown on Figure 3.
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Figure 3. Dependence between SME element deformation and temperature,
1 — reverse transformation; 2 — direct transformation.

Thermosensitive element 1 is compressed at maximum temperature (Figure 2b), tension
in the wire increases and sag decreases. If temperature of the wire drops below martensitic
point (around 288°K), thermosensitive element 1 loses its rigidity and under the influence of
the weight of the wire straightens out (Figure 2b). At the next increase in temperature thermal
compensator renews its shape (Figure 2b) [1,15,17].

The temperature of the beginning and the end of the martensitic transformation,
respectively Mg ~ 282°K, My ~ 278°K (Figure 3) and the beginning and end of the reverse
martensitic transformatin, respectively A &~ 285°K, Af = 306°K. The shape of the curve of
the dependence AL=f(T) is determined by the speed of heating and cooling.

Composition of the material with SME affects the magnitude of the hysteresis.
Temperature of thermal compensator triggering depends on its load. That is the points for the
same material are not stable and can shift by couple degrees [2,4,12,17].

Multifunctional thermal compensator of an arc of sagging on power line wires.

Figure 4 schematically shows a thermal compensator, connected to two adjacent spans.

Wire 1 of the overhead power line is suspended on the towers. Minimum distance from
the wires to the surface of the earth without the thermal compensator is indicated by H (wire
position 3), in the presence of the thermal compensator — H; (wire position 2) and H, (wire
position 1).
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Figure 4. Influence of the thermal compensator on the minimum distance to the ground,
1,2,3 — position of the wire depending on the thermal compensator operation.

7

Figure 5. Fastening point of the thermal compensator,
4 — clamp, 5 — thermal compensator made from SME material, 6 — insulator.

Thermal compensator 5 is attached to the wire by the clamps 4 and insulating elements
6.

Since thermal compensator connects two spans of the wire, the force it perceives, is
limited only by the horizontal component of the tension in the wire, which allows to
significantly reduce the cost of materials for the thermal compensator. In addition, such
method of thermal compensator connection, thanks to the flexible coupling of two adjacent
spans of the wire gives an opportunity to influence the vibration of the wires. In this case, the
energy of the oscillations of a wire in one span is transmitted to adjacent spans and summed
there with the energy of oscillations of these spans. Since the energy transfer is carried out
through a flexible thermal compensator, the amplitude, frequency and phase of the
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oscillations change, and the overlap of such oscillations leads to their weakening. Thus, the
damping effect of the thermal compensators is similar to the action of vibration dampers
[2,4,15].

When wires are frosted, an additional energy source in the mobile laboratory can be
connected to the thermal compensator. The rapid heating of the thermal compensator causes
its compression. The wire from position 3 goes to position 1. At the same time, snow and ice
are removed from the wire. The insulating inserts 6 allows you to reduce the energy
consumption of removing snow and ice that accumulates on the wires.

When examining the compined operation of the wire and the thermal compensator,
made of SME material, we will use the piecewise-linear approximation of the performance
characteristics of the thermal compensator (Figure 3).

When the air temperature increases, the length of the wire increases, tension in the wire
decreases — upper part of the curve (Figure 3). When the ambient temperature reaches the
temperature of the beginning of the reverse martensitic transformation of the thermal
compensator, it begins to pull the wire by changing its own length [15,17]. With further
increase in temperature, the wire continues to increase its length, and the thermal
compensator — to decrease.

At the point Ay thermal compensator completely restores its shape.

When temperature drops, thermal compensator keeps its shape because of its hysteresis
(Af — My).

Lowering the temperature to the point of the beginning of a direct martensitic
transformation (point M;) causes deformation of the thermal compensator. Tension in the
wire in the temperature range from the beginning of direct martensitic transformation (point
M;) to its end (point M) changes along the curve Mg — My. With further decrease in
temperature, the thermal compensator does not participate in the work of the wire and the
wire tension changes according to the natural characteristic [2,4].

In electrical grids, the dependence of the tension in the wire that came from the load
and the temperature is expressed by the mathematical models.

Because of the fact that the characteristics of the thermal compensator are
unambiguous, several equations are required to describe the operation of the wire with the
thermal compensator according to Figure 3 and Figure 4 [12,15,17].

For the section of characteristic of the material with SME M; < t < A, where the
thermal compensator does not significantly affect the work of the wire, the equation of the
state of the wire is not different from the equation without the thermal compensator:

2.2 2.2
o—LEL — s Bl g E-(t—ty), (1)

24.02 24-03

where: vy — the specific load of the wire in its initial state;
tp — the temperature in the initial state;
oy — tension at the lower point in the initial state;
E — modulus of elasticity;
o — temperature coefficient of linear elongation of the wire material;
[ — the length of the span;
v,0,t — specific load, tension, and temperature in the final state.

At the section of the characteristic A; <t < Ay (Figure 3, Figure 4) the thermal
compensator triggers and restores its shape. This increases the tension in the wire and
decreases the arc of sagging. Mathematical model of the state of the wire for the given range
[2,4]:
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where: ax — temperature coefficient of elongation of the thermal compensator.
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where: ¢ — maximal elongation (compression) of the material with SME,%;
Aty — temperature range of phase transformation.

In the range M; <t < Ay temperature of the wire lowers but shape of the thermal
compensator remains intact, because of its hysteresis. Mathematical model of the state of the
wire for the given range:

_VEER 5 woEPR
2452 0 2402

—aE(t —ty) + Allj 4)

where: A4/, — maximal compression of the thermal compensator.

In the range My < t < M, thermal compensator loses its elastic properties and under
the influence of the weight of the wire straightens out [12,15,17].

In this case mathematical model of the state of the wire becomes:

v2l2E_o_ v2EI?
2452~ 70 2402

— aB(t = to) =% (t - M) )

Magnitude of the temperature induced elongation of the wires A4/, which needs to be
compensated is always known. Therefore stroke of the thermal compensator is also known
and it also equals A/.

Because maximal permissible elongation of SME material is ¢, the length of the thermal
compensator will be:

lk - > (6)

Second main requirement for the operation of the thermal compensator is equality of
the force generated by thermal compensator P; and tension 7;, in the power line wire [1,2,4]:

where: F — cross-sectional area of the thermal compensator;
or — maximal force generated by the thermal compensator per unit of cross-sectional
area.

After calculation of the cross-sectional area of the thermal compensator F, we can find
the mass of the thermal compensator. In the case if P, < T, thermal compensator will not
provide compensation of the wire elongation. The stroke of the thermal compensator will be
less than A41. If P, > T, thermal compensator will not return in the previous (deformed) sate.

Influence of the additional loads on the wire with the thermal compensator (e.g. wind)
is not taken into account because the wire will be effectively cooled by the wind [12,15,17].
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Mechanical tension generated in the thermal compensator:

A
o =221 £ (8)
£t As

where: p — density of the SME material,

-1
g =12, )

lo

where: I, Iy — the length of the SME element after heating and with initial temperature
accordingly.

Device for installing the thermal compensator on power line wires.

The American thermal compensator (SLIM) may be installed between the tower and
the suspended line, or may be installed within the span of the suspended line. The device may
be installed using techniques similar to those used for installation of a "splice' or a “dead-
end” on such lines. The “splice' technique is achieved by cutting the line at two positions at
a given distance from each other and installing the device by connecting the device ends to
the cut ends of the line. In case of a “dead-end” technique, installation is achieved by cutting
the power line at one location at a given distance from its end connecting point to a fixed
structure, such as a tower, and installing the device between the cut location of the line and
the fixed structure and connecting the ends of the device to the cut end of the line and the
fixed structure. Also, multiple devices can be installed in series if needed by cutting longer
pieces of the power line.

The Ukrainian variant of the thermal compensator uses special device for installing the
thermal compensator on power line (Figure 6).

Figure 6. Installation device with thermal compensator on it.
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Simplification of the installation of the thermal compensators on the power line wires
is achieved when the thermal compensator is preheated to the temperature of the end of the
reverse martensitic transformation, the wire is pulled up by the magnitude of its absolute
temperature extension in the given temperature range, regardless of the ambient temperature,
and the thermal compensator is fastened to the wire loop, which appeared during the
installation process [2,4,17].

Due to the fact that the length of the thermal compensator is less than 1% of the length
of the span, the influence of the temperature extension of the wire, parallel to which the
thermal compensator attaches, can be neglected.

After installing the thermal compensator and releasing the wire, the thermal
compensator will pull the wire and take one or another position, depending on the
temperature of the wire and the environment, as well as the tension in the wire.

After the temperature lowers below the My, the thermal compensator will be deformed
due to the tension in the wire (Figure 3).

The installation device with the thermal compensator installed is shown on Figure 6.
The device consists of a rod 1, on one side it has a thread, on the other — a mounting bracket
2 with a fork 3. On the threaded side there is a bushing 4 with an internal thread and a flywheel
5. On the bushing there is a coupling 6 with a bracket 7 and a fork. From the side of the
coupling 6 and bracket 7, handle 8 is placed. Forks planes are perpendicular to the rod 1.
Forks have semi-circular enclosures 9 (wire fastening points). Brackets 10 with holes, located
symmetrically to the axis of the enclosure are attached to the lateral walls of the enclosures.
The enclosure, on the one hand, has brackets 11, to which the power elements of the thermal
compensator 12 are attached. The distance between the teeth of the forks is equal to the width
of the enclosure 9, and the thickness of the teeth of the forks is equal to the distance between
the side brackets 10 [1,17].

The mounting point for the thermal compensator is shown on Figure 7.

Figure 7. Thermal compensator mounting point,
1 — bracket, 2 — housing, 3 — wire, 4,5 — connection clamps.

The wire 3 passes through the housing 2. The tensioning bolts 4 with the dies 5 press
the wire 3 to the housing 2. The brackets 1, located on one side of the housing 2, are located
symmetrically to the geometric center of the wire 3.
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Usually the installation of a thermal compensator proceeds at a temperature higher than
the temperature of the end of the direct martensitic transformation, which causes additional
complications, since at such a temperature the thermal compensator is already beginning to
recover its shape [12,15,17].

Conclusions

1. Thermal compensator reduces wire sag automatically. Changes of the environment which
induce the sag (temperature, force and direction of the wind, solar radiation) will act on
the device which in response will reduce the wire sag.

2. Thermal compensator will reduce wire sag without need to replace the power line to a
new one with bigger capacity or with lower characteristic of wires sag.

3. Thermal compensator will reduce wire sag without need to bundle conductors.

4. Thermal compensator will reduce wire sag without need to modificate the power line
towers.

5. Thermal compensator will reduce wire sag which allows to construct power line towers
on a bigger distance from one to another. This allows to construct smaller amount of
tower.

6. Thermal compensator will reduce wire sag which allows to construct lower power line
towers.

7. Thermal compensator will reduce wire sag without lowering the power line current.

8. Thermal compensator is a new class of power line hardware that solves the temperature
induced elongation of the wires problem by using a material which reacts to temperature
change by significantly changing its own size and geometry,

9. American thermal compensator was designed later than Ukrainian one. Authors in
different ways were trying to bypass patent information of Ukrainian thermal
compensator. This has led to complification of the thermal compensator design and as
result to increased cost. It is worth noting that thermal compensators work in very harsh
conditions. Reliability of the device with rotating parts is extremely low. The axles will
fail during very first year of operation. Installation of an American thermal compensator
requires cutting of the wire. This is labor-intensive work, that can lead to problems with
power supplying. Ukrainian variant of installing the thermal compensator on power line
is much more simple and cost efficient. Thermal compensator mounting point allows to
increase reliability of the work of the wire.
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Introduction. It was researched the role of the globalization
process in partial improvements in both undernourishment and
hunger through decreasing the food insecurity in sample of
Middle East and North Africa region over the 1999-2015 period.

Materials and methods. Westerlund and Edgerton (2007)
cointegration test and Dumitrescu and Hurlin (2012) causality test
were employed to analyze the short and long run impacts of
various globalization types on the food insecurity.

Results and discussion. The cointegration coefficients
revealed that trade globalization, financial globalization, social
globalization, and political globalization negatively affected the
prevalence of undernourishment. In other words, the components
of globalization decreased the food insecurity in overall panel.
However, trade globalization decreased the food insecurity in
Djibouti, Egypt, Israel, Oman, Saudi Arabia, United Arab
Emirates, and Yemen, but increased the food insecurity in
Algeria, Iran, Iraq, Jordan, Lebanon, Morocco, and Tunisia. On
the other side, financial globalization reduced the food security in
Algeria, Iran, Iraq, Israel, Jordan, Lebanon, Morocco, Oman,
Saudi Arabia, Tunisia, and United Arab Emirates reduced the
food insecurity, while financial globalization had no significant
effects on the food insecurity in Djibouti, Egypt, and Yemen.
Furthermore, social globalization decreased the food security in
Algeria, Iran, Iraq, Israel, Jordan, Lebanon, Morocco, Oman,
Saudi Arabia, Tunisia, and United Arab Emirates and had no
significant effects on food insecurity in Djibouti, Egypt, and
Yemen. Lastly, political globalization reduced food insecurity in
Algeria, Djibouti, Egypt, Iran, Iraq, Israel, Jordan, Lebanon,
Oman, Saudi Arabia, Tunisia, and United Arab Emirates, but
political globalization had no significant effects on the food
security in Djibouti, Morocco, and Yemen. Furthermore, the
causality analysis revealed a one-way causality from trade
globalization/financial/political globalization to the food security,
and a two-way causality between food security and social
globalization. So, the main globalization types also had
significant effects on the food insecurity in the short run.

Conclusions. The economic, social, and political
globalization made a significant contribution to the relatively
decreasing food insecurity in Middle East and North African
region.
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Introduction

Food is the persons’ most basic need together with water and essential to survive, grow,
develop and maintain a healthfully life for all the human beings. In this regard, food security
is commonly defined as the physical, economic, and social access of all the persons to
adequate, safe and nutritive food for a healthy, productive and active life at any time and the
main components of the food security are food availability, access, utilization, and stability
[1,2]. In this context, provision of food security is essential for the human development, as
one of the main components of growth and economic development of the nations [3].
Therefore, it is one of the leading priorities for the governments to plan and execute the right
policies for the sufficient the food security level.

The undernourishment, malnourishment and hunger are the major results of the food
insecurity. The globalized world experienced gradual improvements in the number of
undernourished people and the number of people undernourished decreased 914.5 million in
1999 to 784.4 million in 2015, but the trend has seemed to become reversed and projected to
be 820.8 million in 2017 and corresponded to about one out of every nine people in the world
[4]. The determination of the causes underlying the food security is very important to take
right measures in fight with food insecurity. In this regard, many institutional, social,
economic, and political factors, poverty, and natural disasters (floods, droughts,
earthquakes), and epidemic illnesses have been documented as the main drivers of the food
insecurity.

Globalization process eliminated the boundaries to a large extent among the countries
and raised the integration of economies in terms of goods, services and capital flows, also led
the cultural, technological and political integration [5]. The benefits and costs of the
globalization are one of the much-debated issues in the related literature. The scholars
generally have focused the effect of globalization and major globalization types (e.g.
financial globalization, trade globalization, political globalization, and social globalization)
on the growth, financial sector development, poverty, inequality, environment [6, 7, 8, 9].
However, globalization process may affect the food insecurity through increasing economic
growth, efficiency, transfer of technology and know-how, the change of relative prices, price
volatility, climate change, but the net influence of the globalization on the food insecurity
depends on the sum of aforementioned factors’ effects. Furthermore, increasing trade
openness may raise the amount of food availability and range to the counties and thus make
a contribution to the food security [10].

Middle East & North African (MENA) region has a heterogeneous structure in terms of
economic development and food insecurity as seen in Table 1. MENA region is one of the
richest oil and gas reserves regions and made 45% of global crude oil exports and 31% of
global liquefied natural gas in 2017 [11]. However, MENA region is the least peaceful region
in the world [12]. The civil wars in Syria, Iraq, Libya, and Yemen has given damages to
physical capital and human capital and in turn to the production. Further, the pressure
imposed to the Qatar by Bahrain, Egypt, Saudi Arabia, and the UAE has raised the instability
in the region. Also the economic and political instability, and internal conflicts in the region
countries and the fluctuations in commodity prices are the major threats to the development
of the countries. Algeria, Djibouti, Morocco, and Oman experienced significant
improvements in the food security taking into account all of these. Only deteriorations were
seen in the food security of Lebanon, Yemen and Jordan, but Iraq has high food insecurity
levels majorly resulting from the raising civil war. Lastly, Egypt, Iran, Isracl, Saudi Arabia,
Tunisia, and UAE from the MENA region sustained their reasonable food insecurity levels.
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Table 1
Prevalence of undernourishment and economic development in MENA region

Countries Real gross domestic
Prevalence of undernourishment | product per capita
1999 2015 1999 2015
Algeria 10.7 4.7 10,248.75| 13,692.85
Djibouti 48.1 19.7 2,465.69 | 3,015.13
Egypt 5.2 4.8 8,249.54 | 11,308.58
Iran 4.9 4.9 12,463.25| 16,065.25
28.3 27.7 Not ) 14.429.99
Iraq available
Israel <2.5 <2.5 24,803.00 | 32,038.70
Jordan 12.6 13.5 7,061.78 | 8,490.29
Lebanon <2.5 10.9 12,825.73 | 17,553.62
Morocco 6.8 3.9 4,598.92 | 7,554.50
Oman 11.9 5.4 39,338.85| 43,987.80
Saudi Arabia 6.1 5.5 42,371.76 | 51,608.70
Tunisia 4.9 4.9 7,333.91 | 10,765.87
United Arab Emirates (UAE) <2.5 2.5 95,012.82 | 63,606.11
Yemen 29.9 34.4 3,769.32 | 2,912.48

Source: [13, 14]

The relevant literature revealed many economic, social, and institutional determinants of
the food insecurity. However, the limited number of scholars have focused on the effect of
accelerating globalization process as of late 1980s on the food security. The studies generally
have researched the effect of trade openness or liberalization of agriculture sector on the food
security as seen in literature review section. However, the globalization is a multifaceted
process and not only trade globalization but also financial globalization, social globalization,
and political globalization may affect the food insecurity. In this study, we aim making a
contribution to the relevant literature by focusing on the untouched area and using second
generation econometric tests considering the cross-sectional dependence and heterogeneity
in relevant literature. Within this scope, our sample is MENA region, because MENA region
experienced a similar globalization pattern with the world as seen in Figure 1 and the region
also is one of the least food insecure regions in the world.

The rest of the article is constructed as the following. The forthcoming part briefly
summarizes the relevant literature on the effect of globalization on the food security. Then
the dataset and empirical analysis method are defined, and the empirical analyses are
performed and the main findings of the analyses are presented. Lastly, the conclusions are
presented.
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Figure 1. KOF globalization index of MENA and world
Source: KOF Swiss Economic Institute, 2018

Literature review

Food security and its implications are one of the most discussed and to be sought for
solution in the globalized world. Globalization process, the crucial development of the past
four decades, have potential to affect the food insecurity through its main components food
access, availability, utilization, and stability by raising the economic growth, efficiency, and
mobility of goods, services, and capital, transfer of technology and know-how, the change of
relative prices, price volatility, and change of climate and environment. As a result, the
interaction between types and implications of globalization and food insecurity have been
researched widely until now, but most of the studies focus on theoretical considerations about
food security [e.g. see 15, 16, 17]. Only a limited number of scholars have empirically
researched the effect of globalization represented by agricultural trade openness and trade
openness on the food security and reached mixed findings as described below.

In one of the studies, [18] investigated the influence of trade liberalization on the food
security in India with general equilibrium model and revealed that both growth and poverty
reduction resulting from trade liberalization did not raise the food security. [19] researched
the effect of agricultural trade openness on the food security in Sub-Saharan Africa by a
dynamic general equilibrium model and the analysis revealed that the net effects of
agricultural trade openness over the food security changed depending on comparative
advantage at sectoral level.

[20] researched the effect of trade liberalization on the food availability in 37 developing
countries, and revealed that trade liberalization negatively affected the food availability in
the short run, but trade liberalization had no significant effects on the food availability in the
long run. On the other side, [21] analyzed the effect of trade openness on the food security in
Sri Lanka and China over the 1980-2009 period with regression analysis and discovered no
significant relationship between food security and trade openness in China, but a negative
relationship for Sri Lanka.

[22] examined the influence of trade openness on the food security in 151 countries
during the 1980-2007 period with regression analysis and discovered that trade openness
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increased the food security in the panel. [23] analyzed the influence of trade openness on the
food security with 41 policy reforms by synthetic control method over 1960-2010 period and
revealed that trade liberalization decreased the food insecurity in 19 cases, increased food
insecurity in 3 cases. [24] researched the impact of agricultural trade openness on food
security in Iran over the period 1999-2013 with ARDL approach and revealed that
agricultural trade openness raised the food security in Iran in the long run. Lastly, [25]
researched the influence of regional integration over the food security in ECOWAS countries
by panel regression analysis over the 1995-2012 period and revealed that international trade
affects the food security positively, but regional integration had no significant effects on food
security.

Data and econometric methodology

Data

In the empirical analysis, food insecurity was represented with prevalence of
undernourishment calculated by Food and Agriculture Organization of the United Nations
(FOA) and it reflects the share of the population who cannot consume sufficient amount of
calories to cover their energy requirement for an active and healthy life. There have been
different indicators showing the food security such as Global Food Security Index of
Economist Intelligence Unit, and prevalence of severe food insecurity in the total population
of FOA. But we selected indicator of undernourishment prevalence, because the other
indicators showing the food security exists for relatively too shorter periods.

On the other side, globalization was proxied by globalization index of KOF Swiss
Economic Institute. The Institute calculates the composite index based on economic, social,
and political dimensions (see [5] for detailed information about the index). In the study, two
components of economic globalization including trade globalization and financial
globalization and social globalization and political globalization, because trade globalization
and financial globalization are the featured aspects of the globalization process and also the
related literature generally have concentrated on the effect of trade liberalization on the food
security. Further, de facto indexes of trade and financial globalization were used, because
they are calculated based on the flows of inter-country goods, services, and capital and the
globalization indices generally base on de facto globalization, while de jure trade and
financial globalization indexes are calculated based on trade taxes and regulations,
investment restrictions, tariffs, and capital account openness. The economic globalization
including trade globalization and financial globalization reflects the raising interdependence
of the economies arising from the growing cross-border flows of goods, services, capital and
rapidly spread of the technologies [26]. Social globalization consists of transnational
movement of cultures, while political globalization reflects the raising political cooperation
among the countries [27].

Table 2
Data description
Variables Description Source
FOODINSEC Prevalence of undernourishment (%) [13]
TG Trade globalization, de facto index [28]
FG Financial globalization, de facto index [28]
SG Social globalization index [28]
PG Political globalization index [28]
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The data availability determined the sample and time duration of the study. The sample
is composed of 14 states from MENA region (Algeria, Djibouti, Egypt, Iran, Iraq, Israel,
Jordan, Lebanon, Morocco, Oman, Saudi Arabia, Tunisia, United Arab Emirates, and Yemen
except Bahrain, Kuwait, Libya, Qatar, Syria, West Bank and Gaza). The time duration was
1999-2015 and all the data were annual. The econometric analysis were conducted by
software of E-views 10.0 and Gauss 10.0 and Stata 14.0. The main characteristics of the
dataset were shown in Table 3. The mean of food insecurity level in the panel is about 11.3,
but the highest level was 48.1, and the lowest level was about 1.5 and the standard deviation
was 10.

Table 3
Main characteristics of the dataset
FOODINSEC TG FG SG PG

Mean 11.31131 60.58867 55.01497 52.03005 67.74370
Median 6.100000 62.31761 55.30032 54.28485 67.49583
Maximum 48.10000 96.50836 92.62033 74.22993 93.41541
Minimum 1.500000 10.68345 14.07935 22.69474 27.93740
Std. Dev. 10.07732 18.84615 17.75916 14.52326 15.60165
Skewness 1.455990 -0.317382 -0.125680 -0.201320 | -0.255629
Kurtosis 4.008895 2.891854 2.775700 1.744227 2.104507

Econometric methodology

[29] cointegration test rests on the Lagrange multiplier (LM) developed by [30] and takes
notice of cross-sectional dependence among the series. The cointegration test statistic (LM})
is calculated as following:

LM,“\;:L

NTZ L1 X Wi s (1

The partial sum of error terms (s%) and long term variances (W;2) is derived from
cointegration model estimated by full modified ordinary least squares model. The null
hypothesis supporting the presence of cointegration is tested by LM} and critical values
generated by bootstrap method are utilized in the event of cross-sectional dependence.
Furthermore, the test gives robust results in case of small samples due to the implemented
Monte Carlo simulations. The cointegration coefficients were estimated by DSUR (Dynamic
Seemingly Unrelated Cointegrating Regression) estimator of [31] considering the presence
of cross-sectional dependence.

Lastly, the causal relation among food insecurity and main components of globalization
was analyzed by [32] causality test rest on VAR. The test considers heterogeneity, but
assumes cross-sectional independence. However, the Monte Carlo simulations denoted that
the test can produce robust results even in the event of cross-sectional dependence. [32]
causality test provides individual Wald statistics (WLT) for each cross-section and then
calculates panel Wald statistic by taking arithmetic mean of the cross-sections. [32] suggest
that ZfJ¢ test statistic with asymptotic distribution should be used in case of T>N, while

ZHNC test statistic with semi- asymptotic distribution should be used in case of N>T.
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Empirical analysis

The presence of cross-sectional dependence among the series of food insecurity and
globalization components was investigated by [33] LM test and [34] LM adjusted test, since
time dimension was higher than cross-section dimension and the test results were
demonstrated in Table 4. The null hypothesis of cross-section independence was declined in
consideration of p values. So we inferred the presence of cross-section dependence. Then
homogeneity of the cointegration coefficients was tested with adjusted delta tilde test of [35]
and the results were shown in Table 4. The cointegration coefficients were found to be
heterogeneous in consideration of p values of the test.

Table 4
Cross-sectional dependency and homogeneity tests’ results

Cross-sectional dependence tests

Test Test statistic | Prob. value
LM test 32.781 0.001
LMy test 39.066 0.002

Homogeneity tests

Test Test statistic | Prob. value
Delta tilde 8.909 0.001
Delta tilde adj 7.653 0.016

The stationarity of the variables were explored after pre-tests of cross-sectional
dependence and homogeneity. The cross sectional Augmented Dickey-Fuller (CADF) unit
root test of [36] regarding the presence of cross-sectional dependence, was employed to
examined the availability of unit root in the variable series and the test results were
demonstrated in Table 5. Maximum lag length was applied as 2 and Schwarz information
criterion was considered in determination of optimal lag length. The results revealed that all
the variables were non-stationary, but became stationary after first-differencing.

Table 5
Panel CIPS unit root test results
Level First differences
Variables |Constant| Constant + Trend|Constant|Constant + Trend

FOODINSEC| -1.184 -1.166 -7.531* -9.744*
TG -1.230 -1.202 -9.556* -9.902*

FG -0.973 -1.105 -7.099* -8.126*

SG -0.877 -1.083 -6.451* -7.449*

PG -1.141 -1.156 -7.834* -8.238*

* it is significant at 5% significance level
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The existence of cointegration relationship among food security and main components
of the globalization was explored by [29] LM bootstrap cointegration test and the test results
were demonstrated in Table 6. Further, bootstrap probability values were generated from
10000 simulations and asymptotic p-values were obtained from standard normal distribution.
Lag and leads were taken as 2. Bootstrap critical values were taken in consideration due to
the presence of cross-sectional dependence. Hence, the null hypothesis stating the presence
of cointegration was accepted. So all the series move together in the long run.

Table 6
LM Boostrap cointegration test results

Constant Constant+Trend
LM Test Asymptoti | Bootstra Test Asymptoti | Bootstra
statisti | ¢ p-value p p- statisti | ¢ p-value p p-
C value C value
0.893 0.161 0.287 6.924 0.004 0.381

The cointegration coefficients were forecasted by DSUR estimator taking notice of the
presence of cross-sectional dependence and heterogeneity and the test results were
demonstrated in Table 7.

Table 7
Estimation of cointegrating coefficients
Countries Coefficients
TG FG SG PG

Algeria 0.192*1-0.275%|-0.151%*|-0.381*
Djibouti -0.074*| 0.175 | 0.144* | -0.251
Egypt -0.095*%( 0.284 [ 0.219* |-0.386*
Iran 0.187*|-0.187*|-0.247*|-0.337*
Iraq 0.214*1-0.155%]-0.213*|-0.293*
Israel -0.364*(-0.128*[-0.085*|-0.065*
Jordan 0.108* |-0.062*|-0.208*|-0.188*
Lebanon 0.085* |-0.091*|-0.149%|-0.231*
Morocco 0.137*]-0.136*|-0.165%| 0.276
Oman -0.275%(-0.228*[-0.125*| -0.218
Saudi Arabia -0.254*(-0.381*| 0.254* |-0.351*
Tunisia 0.091*|-0.104*]-0.201*|-0.053*
United Arab Emirates|-0.374*|-0.299%|-0.191*(-0.375*
Yemen -0.119*( 0.162 [ 0.083*| 0.229
Panel -0.217*|-0.235*%|-0.208*|-0.249*
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The results indicated that trade globalization, financial globalization, social
globalization, and political globalization negatively affected the prevalence of
undernourishment. In other words, the components of globalization decreased the food
insecurity in overall panel. However, trade globalization decreased the food insecurity in
Djibouti, Egypt, Isracl, Oman, Saudi Arabia, United Arab Emirates, and Yemen, but
increased the food insecurity in Algeria, Iran, Iraq, Jordan, Lebanon, Morocco, and Tunisia.
On the other side, financial globalization reduced the food security in Algeria, Iran, Iraq,
Israel, Jordan, Lebanon, Morocco, Oman, Saudi Arabia, Tunisia, and United Arab Emirates
reduced the food insecurity, while financial globalization had no significant effects on the
food insecurity in Djibouti, Egypt, and Yemen. Furthermore, social globalization decreased
the food security in Algeria, Iran, Iraq, Israel, Jordan, Lebanon, Morocco, Oman, Saudi
Arabia, Tunisia, and United Arab Emirates and had no significant effects on food insecurity
in Djibouti, Egypt, and Yemen. Lastly, political globalization reduced food insecurity in
Algeria, Djibouti, Egypt, Iran, Iraq, Israel, Jordan, Lebanon, Oman, Saudi Arabia, Tunisia,
and United Arab Emirates, but political globalization had no significant effects on the food
security in Djibouti, Morocco, and Yemen.

The barriers over cross-country flows of goods, services, and capital have been
considerably released and also cross-country foreign direct investments and portfolio
investments, in turn transfer of technology and know-how have been raised significantly.
However, frequency and severity and contagiousness of the economic and financial
crises, change of relative prices and price volatility, climate and environment deteriorations
have been experienced relatively more when compared with the past. So on one hand,
globalization process can raise food security by increasing food availability and access,
economic growth through efficiency, transfer of technology and know-how and provision of
financing and better public management. On the other hand, globalization can increase the
food insecurity through raising frequency and severity and contagiousness of the economic
and financial crises, change of relative prices and price volatility, climate and environment
deteriorations. As a consequence, the net effect of globalization and its main types over food
insecurity can vary from country to country. Our empirical analysis revealed that
globalization and its major components decreased the food insecurity in most of countries in
the sample. However, trade globalization raised the food insecurity in countries of Algeria,
Iran, Iraq, Jordan, Lebanon, Morocco, and Tunisia which experienced serious civil wars,
internal disturbances, embargo, and weak economic fundamentals. Furthermore, financial
and political globalization had no significant effect on the food insecurity in Yemen
experiencing serious civil war, in Djibouti with weak economic fundamentals and public
management,

The causal interaction among food security and the components of globalization were
examined with [32] causality and the test results were demonstrated in Table 8. The results
revealed a one-way causality from trade globalization/financial/political globalization to the
food security, and a two-way causality between food security and social globalization. So,
the main globalization types also had significant effects on the food insecurity in the short
run.
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Table 8
Causality test results

Null hypothesis Test Statistics Prob.
FOODINSEC»TG Whne 1.296 0.287
Zhne 1.442 0.293

Whne 1.075 0.195

TG»FOODINSEC Whnc 4.732 0.000
Zhnc 5.029 0.000

Ztild 4.726 0.001

FOODINSEC+FG Whne 0.954 0.187
Zhne 0.833 0.291

Ztild 0.907 0.125

FG +» FOODINSEC Whnc 3.732 0.000
Zhnc 2.877 0.001

Ztild 3.023 0.003

FOODINSEC»SG Whnc 4.202 0.000
Zhnc 3.761 0.002

Ztild 5.281 0.025

SG »FOODINSEC Whnc 4.384 0.000
Zhnc 3.945 0.001

Ztild 4.113 0.000

FOODINSEC»PG Whne 1.287 0.274
Zhne 1.375 0.256

Ztild 0.988 0.197

PG »FOODINSEC Whnc 5.606 0.000
Zhnc 3.734 0.011

Ztild 4.563 0.008

Conclusion

The undernourishment, malnourishment and hunger have been the serious problems of
the humankind resulting from the food insecurity. However, improvements in both
undernourishment and hunger have been experienced partially together with accelerating
globalization as of 1990s. However, most of the studies theoretically analyzed the interaction
between globalization, especially trade openness/agricultural trade openness and food
security in the related literature, but the number of empirical studies about the globalization-
food insecurity nexus has remained restricted. This study investigates the roles of various
globalization types on the food insecurity in Middle East and North African countries over
the period 1999-2015 with panel cointegration and causality analyses considering the
untouched area in the relevant literature.

The empirical analysis revealed that trade, financial, social, and political globalization
generally made a significant contribution to the relatively decreasing food insecurity in
Middle East and North African region in both short and long run. So, the benefits of
globalization outweigh the costs in terms food insecurity. However, MENA region includes
very heterogeneous countries in terms of economic and institutional development,
demographic, religious, and social structure, and natural resources (especially oil and natural
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gas). Furthermore, the region is also the least peaceful part of the world and some countries
(e.g. Yemen, Iraq, and Lebanon) are experiencing serious civil wars, while the others (e.g.
Morocco, Saudi Arabia, and Tunisia) had serious internal conflicts, political instability, and
weak economic fundamentals. Lastly, the variations in the prices of oil and natural gas
seriously affect the economies of oil and gas-rich countries. Consequently, the effect of major
globalization types on food security can be raised by the countries to take measures to
increase the peaceful environment and decrease the dependence of the countries on the
energy.
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AHoTauii

XapuoBi TexHosnorii
TicTosoriuHi g0c/iaKeHHS KOTJIET i3 BUKOPUCTAHHIM OOPOIIHA COYeBMIi

Ipuna Cimonosa!, Jlronmuna Ilemyk?, Oner Ianenko?
1 — JlviscoKutl HAYIOHANLHULL YHIGEPCUMEm 6eMEPUHAPHOT MeOUYUHU
ma 6iomexuonoziti im. Ioicuyvkozo
2 — HayionanvHuti ynisepcumem xapyosux mexmoiozit

Introduction. I[TpoBeneHo ricTonoriuHi JOCIIIKEHHS MociueHuX HamiB(aOpHuKaTiB, 10
CKJIaJy SIKUX BXOJHUTH M'SCO IITHIII T2 OOPOIITHO MPOPOIIEHOI COYEBHIIl 3 METOIO BU3HAUCHHS
CKJIQJIOBHX pEIENTypd Ta iX XapaKTePUCTUKUA I TOAAIBINO imeHTU(IKAIT ITHUX
KOMITOHEHTIB.

Materials and methods. s TicTONMOriYHOrO MOCITIMKEHHS BIANOBIAHI 3pa3ku
nociueHux HamiBgpaodpukaTiB ¢ikcyBamu y 10% HeliTpansHOMy po3unHi popmaininy. [licus
uporo (ikcoBaHMH Marepiall 3HEBOJHIOBAIM Y PsIi PO3YHMHIB CIUPTY 3 BUCXIAHUMHU
koHueHTpauismu 70, 80, 90, 96°, yIIiNbHIOBaIN Y IBOX MOPILISAX XJI0po(QopMy Ta 3aJIHBaIH
B nmapadin. Ha caHHOMY MiKpOTOMi BUTOTOBJISUIM 3pi3H, 3aBTOBIIKHU Bia 5 10 15 MKM, sKi
(apOyBaIM reMaTOKCHIIHOM Ta €03UHOM. CBITIIOBY MiKPOCKOIIiO 1 MikpodoTorpadyBaHHs
ricronpenaparis 3iHCHIOBAJIH 32 IONIOMOT'O0 MiKPOCKOTIA.

Results and discussion. Ilix yac 3aMo4yBaHHSI COYEBHIII 3 METOI MPOPOIIYBAaHHS,
MOYaTKOBa BOJOTICTh cTaHOBMIA 15%, a micis 8 rox nocsirna cryneHs 3amodyBanHs 35%,
110 BIUTMBA€E HA MPOILECH POCTY Ta 0OMiHY PEUOBHH Y 3€pHi, Ha yTBOpeHHs (epMeHTiB. J{is
MiHIMi3alil BTpaT MOXHUBHUX PEYOBMH IIiJi Yac IPOPOIIYBAHHSI KOHTPOJIOKTH
TPUBAJICTH MPOPOLIEHHS i TEMIIepaTypy MPOPOLIyBaHHS, 110 B CEPEAHHOMY TPUBAE BiJl
72 ron no 88 rox mpu Temmeparypi 17+£2 °C.

licronoriune MOCTIMKCHHS JOCHIIHUX IOCIYCHUX HamiBGaOpPUKATIB BHIBUIO
TIOJNITOHAJIBHI 1 KpPYIJi M'S30Bi BOJIOKHA 3 BHUPXEHHMH SIAPAMH TiJ[ CapKOJEMOIO, IO
BiJMOBiIa€ OOPOSIKICHIN M'SCHIH CHPOBHHI, TOOTO BHKOPHUCTAHO OXOJIO/DKEHE M'SICO.
JlonaBanHs y BUpoOU OOpOIITHA COYEBUIIl IPOPOIIEHOT TPU3BOAUTH JI0 MTOKPAICHHS CTYIICHSI
HaOpsIKaHHS BOJOKOH 1 OUIBII aKTHBHOI'O HAKOIMWYEHHs MK YacTUHKaMu (apury
JpiOHO3epHUCTOT OIIKOBOI MacH, IIO MOKpamlye YMOBH (OpMyBaHHS BHpPOOIB Ta ix
cTpykrypy. Kuituan oOojoHku OopomiHa coueBuni (apOylOThCs y POXEBHH KoIip,
(OpMYIOTh LIUTBHI HAMiBOPO30pi CTPYKTYPH, SIKI CXOKI HA HUTKY KJIITHH 3 HOMITHOIO
LIEIIIOJIO3HOI0  000JI0HKOI0 — (pioneroBoro  konmbopy. CTpykrypa ¢apury € piBHO0O i
TOMOTE€HHOI0, KOMIIOHEHTH J00pe NepeMillaHi, B pe3ylbTaTi 4YOro CIIOCTEpPiraeThes
PO3ITYIIYBaHHS BOJIOKOH.

Conclusions: OxapaxTepu30BaHO METOJl OTPUMAaHHS OOPOIIHA ITPOPOIIEHOI COUEBUIIL
Ta i7eHTU(IKOBAaHO KOMIIOHEHTH TIOCiueHuX HamiB(aOpukariB. bopomHo coueBuil
MIPOPOIIEHOT Ma€ BUIIISZ HUTKH KIITUH (iOJIETOBOTO KOJIBOPY, KIITHHH MEPIO Ta MU0y —
KOPHUYHEBHH KOIIp.

KurouoBi ciioBa: v'sco, nmuys, couesuys, 6opowino, komiemu.
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Kopensuilinuii B3a€M03B’130K MiK NOKAa3HUKAMH SIKOCTi aKTUBHOT0 BYT'JLJIsL, 110
3aCTOCOBYEThHCS Y TEXHOJIOTII rOpiiKu

Tersna llennpix', Jleonin JleBaHmOBCHKHIA,
Amnaroniii Kyi¢®, Bitaniii [Ipubmisckuii’, Maprapura Kapryrina®
1 — Incmumym @izuxo-opeaniunoi ximii i gyeneximii imeni JIM. Jlumeunenxa HAH
Yipainu, Kuis, Ykpaina
2 — Kuiscokuil HayionanvHuti mopaogenvHo-eKkoHomiunull ynisepcumem, Kuis, Yxpaina
3 — HayionanvHuil ynisepcumem xapuosux mexnonoeit, Kuie, Yxpaina

Beryn. Meroro myOmikaiiii € BCTAaHOBJICHHS KOPENALIHHUX 3B’ SI3KiB MK TIOKa3HUKAMHU
SIKOCTI aKkTUBHOrO BYyriuii (AB), ske BHKOPHCTOBYETBCA Y JIKEPO-TOPLTIYAHOMY
BUPOOHMIITBI Y TEXHOJIOTIT TOPLITKH.

Marepianu i MmeTomu. AB npupoaHOro NOXOKEHHS, SIKE 3aCTOCOBYETBCS LIS JTIKEPO-
ropiT4anoro BupoOHunTBa. CTaHIAPTHI METOAM BH3HAUCHHS Ta KUTBKICHI XapaKTePUCTHKU
MOKa3HUKIB skocTi AB. MareMaTuko-CTaTUCTUYHI METOAM JOCIIDKEHHS — JIIHIWHANA
KOpeJsIiHHIIA aHaii3 3a koedirienToM kopemsiuii [Tipcona.

PesynbraT. 3HaiineHo, mo KoeQillieHT MapHOi KOpensmii (r) MiX aacopOIifiHO0
aKTHBHICTIO 3a HofoM (A4, ), sKa XapaKTepu3ye KUTBKICTh 1 00'eM Mikporiop AB 3 piamerpom
D,,/<2 HM, y TOMY YHCITIi HaHOIOpP 3 AiameTpoM D,,<1 HM, 1 32 MCTHJIICHOBUM OJIAKUTHUM
(Amp.), sIKa 3aTCKUTH Bi 00'eMy me3omop 3 miamerpoM D,,.~2...50 um, nopisioe 0,93.
CymapHuii 00’ eM MiKpo- i ME30IIOPOBOr'0 POCTOPY BU3HAYAE CyMapHY COPOIIHHY 3/aTHICTh
AB BiZIHOCHO OpraHiYHHX JOMIIOK, IPUCYTHIX y BOJHO-CIUPTOBHX cyMimax. CopOuiiiHa
aKTUBHICTh AB 3ajexuTh TakoX Bin #oro ¢pakuiiiHoro ckimany. BcraHoBieHa Kopemsiis
(3BOPOTHSI 3aJIEKHICTH) MiX aJICOPOIIIHHOI0 aKTUBHICTIO 32 OI[TOBOK) KUCIIOTOIO (A4q) 1 MACOBOIO
YaCTKOIO 3aJIMIIKy cOpOeHTY Ha cuti 3 monmoTHOM Ne 10 (Fwg) 3 koedimientom r=-0,94.
3MEHIIIEHHS MacOBOi YaCTKH 3THIIKY Ha CHTI 3 IOJIOTHOM Bijt 97...98% 1o 62. ..64% npu3BoanTh
J10 30LTBIIIEHHS acopOLiiHOI akTHBHOCTI AB 3a orrroBoro kuciororo 10 117 mit npotr 62 mut. Ie
MPSIMO TIOB’SI3aHO 3 THM, IO 3THIIKKA COpOSHTY Ha cuTi Ne 10 MaroTh BEUKY IUIOMLY ITOBEPXHI
MIKPOITOPOBOr'0 1 ME30IOPOBOTO IPOCTOPY Yepe3 3MeHIIIeHi po3MipH 3epeH. CymMapHuii 00'eM Tiop
copbentiB mo Bomi (7,,) 3HAXOOWThCA B TPSMIiA 3aJEKHOCTI BiJ MAacoBOi YacTKH
BOIOPO3UMHHOI 301U (M,..) r=0,92 i macoBoi yactku Bosioru (M,,) mpu r=0,99. 3 meTor0
3BUTbHEHH AB BiI BOTOPO3YMHHOI 307 1 30UIBIIECHHA 00'€My TIOPOBOrO IPOCTOPY
JoriyHo0 OyJe mporueaypa BiaMuBaHHS AB miroToBieHOI BOJOI 3 HACTYMHHMM HOTO
CYIIIHHIM IO BMICTY BOAHM y Byrium 1o 2%. BcTaHoBIIEHO, 10 MacoBa 4acTKa 3aJIUIIKY
copOeHTy Ha CHTI 3 TOJIOTHOM Ne 36 (F35) 3HAXOMUTHCA Y MIPSIMi 3aJISKHOCTI BiJl MacoBOl
yactku 3014 (M,) (r=0,91) i MacoBOi YacTKu BOXOPO3UMHHOI 30mH (M,..) (=0,91), mo
OIT0CepeIKOBAaHO CBITYMTH IPO BIUIMB HEOPTAaHIYHUX KOMIOHEHTIB AB Ha lioro MexaHiuHy
MinHicTb. [Ipunymieno, mo B HalOLIBIIKMX 32 po3MipaMu (pakuisx AB 3 MacoBor 4acTkor
3aJIMIIKY Ha CUTI 3 TOJOTHOM Ne 36 (Fi36=2,1%) BMIILYEThCSI B MAKPOIIOPOBOMY IIPOCTOPI
oinbre 30mu (M,=5,12%), y ToMy 4uciIi BoAOpo3duHHOT 3001 (M., =1,95%).

BucHoBkmu. B pe3ysbTati aHamizy cTaHIapTHAX MOKAa3HHUKIB IKOCTI AB Ta mociiIKeHHs
iXHIX B3a€MHUX 3aJI©KHOCTEH 3a JIONOMOTOI MaTEeMaTHUKO-CTATUCTUYHOI'O0 METOAY 3
BUKOPHCTaHHIM KoedilieHTiB napHoi kopessiuii [lipcona BcranosieHo, mo 92% (12 3 13)
MMOKAa3HUKIB MAalOTh CWJIBHI BHYTPIIIHI B3a€MO3B'SI3KH, SKi XapaKTEPH3YIOTBCS «IIyXKe
BHCOKOIO» CHJIOIO Kopensalii 3 koedimienramu 7=0,90...0,99.

KurouoBi cioBa: axmusne gyeinns, copbyis, 2opinka, Kopesyis.
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IIporumikpo6Ha i TPOTUrPHOKOBA AKTHBHICTH MOCILHUX NPENapaTiB Ha OCHOBI
POCJIMHHMX eKCTPAKTIB y CHCTEMHil KOHIenuii 310poB's

Muxona Oceiiko', Bacuns Illepunx?, Onena Ioxpumko®
1 - Hayionanvnuii ynigeepcumem xapuosux mexwonociu, Kuis, Yxpaina
2- "Mixpoxipypeia oueu Bacuna [llesuuxa", Yepnicis, Yxpaina
3 - Tepnoninvcokuii Oepoicasnuil meouunutl yuisepcumem imeni 1A, I pobauescoruil,
Tepnoninw, Ykpaina

Beryn. Mu npoananizyBany MpoOTUMIKPOOHY Ta HPOTHIPUOKOBY aKTHBHICTH 3pa3KiB
npenapary KTIOJI-b® Ha cranmapTHi Ta PE3HCTEHTHI TECT-IITAMH MiKpOOpTaHi3MiB.
PosrisinyTO actiekTn MikpoOiOMH Ta CHCTEMHOI KOHIETIIIT 3/10pOB'sI.

Marepianu i wmeromm. byium BHKOpUCTaHI IITAaMH TIPaMIO3UTHBHHUX  Ta
rpaMHETaTHBHUX MiKpoopraHi3miB: S. aureus, S. saprophyticus, E. coli, P. aeruginosa, S.
Epidermidis i C. albicans rpu0u. [locmimkeHo MOJEIbHI Npernapatd Ha OCHOBI PCIMHHUX
eKcTpakTiB. Meton audy3ii peuoBHH B arap OyB BUKOPHCTaHHH JIJIsl BU3HAYCHHS aKTUBHOCTI
NpenapariB MO0 MTaAMIB.

Pesyabratun i ob6roBopennsi. CywacHuid craH (i3UYHOTO, IICUXOJOTIYHOIO Ta
COLIAJIFHOTO 1CHYBaHHS JIIOJIMHY CHPUSIE MPUIIBUIIICHOMY PO3IOBCIO/PKEHHIO MATOTeHHUX
MIKpPOOpPIraHi3MiB 1 BUHUKHEHHIO PE3MCTEHTHOI Mikpodiopu. B ocraHHi poku Maibke Bci
CTPaXXAAIOTh BiJl TPHOKOBUX 3aXBOPIOBaHb. AKTYaJIbHOIO € MpodiiemMa 3710poB's i 310pOBOT0
cnoco0y xuTTsA. [1obanbHOIO € mpoOiiema 3a0e3ledeHHsl JIOJICTBA 1Ke. Po3risiHyTo
aCIEeKTH MiKpoOioMy (SHIOCKOJIOTIUHI acleKTH). BaKIUBICTh MiKpOOIOTH KHIICYHHKA B
310poB'T JTroauHY 1 atodiziosnorii € Oe3nepedHor0. 3anponoHOBAHO CUCTEMHY KOHIICIIIO
3n0poB's (Cucrema KTIOJI®: 10 0CHOBHMX MOJIOKEHD MO0 NPOQIIAKTHKH, 0310POBIICHHS,
JIKyBaHHS Ta peadimiTari).

JlocmimKyeMi  TECT-MIKpOOpraHi3MH OyjiM YYTJIMBHMH JI0 MOJEIbHUX 3pa3KiB
npenapary KTIOL-BF (BF1-BF20). HaiiedextuBHumu 1mono rect-mramy S. Saprophyticus
BusiBmiiucs 3pasku BF2, BF12, BF17. Bussneno mo no 3paska mnpemnapaty BF34 tecrt-
Mikpoopraniam S. epidermidis OyB Halie()eKTUBHUM (30Ha 3aTPUMKH POCTY CTaHOBHWIIA
30,40+1,29 mm). HaiiBumy nporturpuoOkoBy aktuHicTh Manu 3pa3sku KTIOL-BF: BF33,
BF37. 30uu pocty rpubiB cTaHOBHIH BimnoBigHo 20.76 + 1.65 1 22.62 + 1.44 mMm. Bucoky
iHTiIOYyIOUYy Mif0 JI0 KIIIHIYHMX PE3UCTEHTHUX INTaMiB MIKPOOPTaHI3MIB MPOSIBHIM 3pa3KH
npenapaty KTIOL-BF: BF-70, BF-87, BF-92. [liamerp 30HU iHriOyBaHHS PE3UCTCHTHHUX
mramiB y KTIOL-BF87 cknaB 22,17 Mm, aiaMeTp y KOHTpOJIBbHOTO 3pa3ka PVI 6ys 13,05 mm

BucnoBku. BusBieHO NiIBUILEHY NPOTHMIKPOOHY Ta NPOTHIPUOKOBY aKTHUBHICThH
npenapariB KTIOJI-b® mono rpaM-mo3UTHBHUX 1 IpaM-HETaTUBHUX MiKPOOPIaHi3MiB,
rpubkiB C. Albicans ta pe3ucrenTHux mramiB (koHTponb PVI). Ilokazano, mo koxHiN
JIIO/IMHI HEOOXiTHO MaTH SIKICHUH 1 Oe31edHuid MiKpoOioM.

Karouosi cnoa: KTIOL, excmpaxm, MIKpOOp2auism, pesucmeHmHuicnmo, MIKpoOiom.
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TexHoJIOTiYHI aceKTH NpoueciB BU3PiBaHHA Ta (pu3epyBaHHS cyMilleil MOJOYHO-
0BO4Y€BOr0 MOPO3UBAa

Bikropis Camira, ['anuna [Tominyk, TersHa OcbMak,
Aptyp MuxaneBnu, Makcum Maciikos
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. IlpoBeneno aHamiz  CydaCHOrO  aCOPTHMEHTHOTO DSy  MOpO3HBA.
OOrpyHTOBaHO BUOIp POCIMHHOI CHPOBHHH, SIK NEPCIIEKTUBHOTO iHIPENi€HTY MOJOYHOTO
MOpO3UBa.

Marepianu Ta MeTomH. M’sike MOPO3MBO BUTOTOBJISUTH 3a JOIOMOTO0 (bpu3epa
nepionuyHol aii. Bigbip mpoO, miAroTOBKY iX J0 aHAN3y Ta OIIHKY SKICHHX NMOKa3HUKIB
cyMmilleil Ui MOpO3WBa Ta 3pa3KiB MOpO3HMBa IPOBOAWJIM HAa OCHOBI BHM3HAYEHHS
KPIOCKOIIYHOI TEMIIEpaTypH, OIOPY TAHEHHIO, PO3MIPIB MOBITPSHUX OylIb0amoK, 30UTOCTI
M’SIKOrO MOPO3UBa Ta JUHAMIYHOI B’SI3KOCTI CyMillIei.

Pesyabratn i obroBopenHsi. Ha OCHOBI KOMIUIEKCHOTO aHaji3y TEOPETHYHUX 1
eKCIIEPUMEHTAJIbHUX MaTepialiB JOCIIKEHb PO3pO0IEHO HOBUI BU/I MOJIOYHO-OBOYEBOT O
MOPO3UBAa, JI0 CKJIay SKOTO BXOAUTH ()YyHKI[IOHAIHHO-TEXHOJIOTIYHHI HAITOBHIOBAY — IacTa
i3 Oypska Ta Opokom y KigbkocTi 10-20%, 110 mae 3MOry OTPHMATH MPOAYKT 3
rapaHTOBAaHMMH IIOKa3HUKaMH SIKOCTi. BcTaHOBieHMI jiana3oH 3HA4YeHb KPiOCKOMIYHOI
TEMIIEpaTypy HOBOTO BHAY MOJOYHO-OBOYEBOI'O MOPO3MBA MPAKTUYHO CIIBIAJAE 3 TAKHM
JUTSE MOPO3MBa MOJIOYHOT'O >KUpHicTIO Bif 0,5 no 7,5% i cranoButh Big —2,22 mo —2,67°C.
[TiaTBEpKEHO MOXIIMBICTH BUPOOHUIITBA MOPO3UBA 32 3arajbHONPUHHATUMU PEeKUMaMU
HU3bKOTEMIIEPATyPHOTO O0pOOJICHHS. 3a BeTUUMHAMM KOedillieHTa JMHAMIYHOI B’SI3KOCTI
00IPYHTOBAHO palliOHATBHI PEKUMH BU3PIBAHHS MOJIOYHO-OBOYCBHUX CYMIIIICH.

BucnoBku. HoBuil BUJ MOJOYHO-OBOYEBOIO MOPO3UBA XapPaKTEPU3YETHCSI BUCOKOIO
Xapy4OBOIO LIHHICTIO i MOXKe OyTH PEKOMEH/I0BaHU 0 ITMPOKOT'0 BIPOBAKEHHSL.

KurouoBi ciioBa: moposuso, 6ypsik, bpokoni, nacma.

BMmicT aMiHOKHCIOT Y eKCTPYAOBAHUX KOPMOBHX CyMillIax

Tersna Tpaxkano, Oxer IllanoBanenko, TersHa SAHrox
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. JlocnimpkeHo aMiHOKUCIOTHHN CKIaJ] eKCTPYIOBAaHUX KOPMOBHX CyMIILEH i3
BUKOPHCTAaHHSIM JIJISTHOT'O €KCTPAKTy Ha OCHOBI BOJH. Po3paxoBaHO aMiHOKHMCIIOTHHIA CKOP
Ta BU3HA4YEHO Oi0JIOTIYHY I[IHHICTB OiJIKa eKCTPYIOBAaHUX KOPMOBUX CYMiIIEH.

Martepianu i MeToqu. Mu 0CIiKyBany eKCTPYJIOBaHI KOPMOBI CYMIllli 3 MIICHHMIT,
KYKYpYyI3H, TIICHMII, EKCTPAKTy Ha OCHOBI BOIH, IO MAIOTh Pi3HHHA BiJICOTKOBHH BMICT.
Cymim nepemimryBamy i ekcTpyayBainu npu temneparypi 110-120 °C, tucky 2-4 Mlla.
KoHIieHTpaIrito BiTbHUX aMiHOKHUCIIOT BU3HAYAIA METOJIOM 10HOOOMIHHOT Xpomartorpadii.

Pesyabratu Ta obroBopennsi. [IpoBeneHi MOCIiPKEHHS aMiHOKHCIOTHOTO CKJIany
EKCTPYJOBAHUX KOPMOBHX CYMIIlICH TO3BOJIWIN iIeHTH(DIKYBATH 1 YUCEIHHO BU3HAUUTH 9
HE3aMIHHMX AaMIHOKHMCJIOT (BajiH, JICHUIIWH, 130JICHIIMH, JII3WH, METIOHIH, (eHiTaJaHiH,
TPEOHIH, apriHiH, TICTHINH) i § 3aMiHHMX aMiHOKHCJIOT (acmapariHoBa KHCJIOTa, IUCTEIH,
CepUH, THPO3HH, TJIyTaMiHOBA KUCJIOTA, TITIIHH, aJJaHiH), TAKOX OITHUCaHI PO3PAaXyYHKH OI[IHKH
aMIHOKHCIIOT EKCTPYJIOBaHUX KOPMOBHX CYyMIIlIEH, IO IO3BOJISAIOTH OTPUMATH JaHi Mpo
KOXKHY aMiHOKHCIIOTY, BU3HAYHUTH MEPIIY JIMITYIOUY aMiHOKHCIIOTY, O0YHUCINTH KOe]illieHT
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PO30IKHOCTI aMIHOKHMCIIOTHOTO CKOpY Ta OiONIOTiYHY WiHHICTH MOCHTIDKYBaHUX 3pa3KiB
eKCTpyAaTa.

Haii6inpine He3aMiHHI aMiHOKHCIOTH MicTsTh cyminn Ne 1 —42.82% na 100 T Ginka i
Ne 2 —41,27% na 100 r 6inka.

Bwmicr neitnuny, Ni3uHy i TpEOHiHY B 01Ky cyMimnel cranoBUTh 8,34-9,8% 100 T, 3,44-
3,84% 100 1, i 2,67-3,75% 100 T, BiAMOBiAHO, IO MIATBEPKYE BUCOKY OITKOBY IIHHICTH
€KCTPYIOBaHUX KOPMOBUX CYMIILIEH.

3a OMOMOrOI0 PO3paxyHKIB BH3HAUCHO, MO HAWOUIBIIOK Oi0JOTIYHO IIHHICTIO
Bonozie Oinok cyminm Nel — 70,25%. L{a cyminn BUsIBHIIACS HaHOUIBIN 30aaHCOBAHOIO 3a
aMIHOKHMCIIOTHUM CKJIQJIOM TIOPIBHSHO 3 IHIIMMH cyMimiamu. HaliMeHImmid moka3HuK
010JIOTIYHOI IIIHHOCTI BCTaHOBJCHO B cyMimni Ne 3 — 65,25%, 1110 MOSICHIOETHCS O1TBIIO0
PI3HHUIICIO aAMIHOKHMCJIOTHHX TTOKa3HUKIB, HIK 1HIIN aMiHOKHCIIOTH.

BucnoBok. JlomaBaHHS JUISHMX ~ €KCTPAKTIB JI0 CKJIaAy 3€PHOBUX CyMIllleH €
€(pEeKTUBHAM METO/IOM IIiJIBUIIEHHS O10JIOTIYHOI WIHHOCTI EeKCTPYIOBaHMX KOPMOBHUX
CyMIILIEH, TaK SIK eKCTPaKT 03BOJISIE 30IBIIUTH BMICT O1JIKa 1 aMiHOKHCIIOT.

KurouoBi ciioBa: 6inox, aminokucioma, 1i3uH, eKcmpysis, 1b0H, eKCIMpPaKm, KOPM.

OcHoOBHI HANIPSIMM 3aCTOCYBAHHS AKTUBHOI0 BYTiJLJIsl Y JIiKepO-ropiilyaHoMy
BUPOOHMUTBI

Tersna llennpik', Jleonin JleBaHmOBCHKHIA,
Amnaroniit Kyi?, Biraniii [Tpuounsckuit’, Onena I'paGoscbka’®
1 — Incmumym @izuxo-opeaniunoi ximii ma gyeneximii imeni JL. M. Jlumeunenka HAH
Yipainu, Kuis, Ykpaina
2 — Kuiscokuil HayionanbHuli mopeogenvHo-eKkoHomiunull yuisepcumem, Kuis, Yxpaina
3 — HayionanvHuil ynisepcumem xapuosux mexnonoeiu, Kuie, Yxpaina

Beryn. Mertoro myOumikalii € OIiHKa SIKOCTI Ta MEPCIIEKTHB 3aCTOCYBaHHS aKTHBHOT'O
BYTULISI TIPUPOHOTO TIOXO/DKEHHS 32 HOro (hi3MKO-XIMIYHUMH TTOKa3HUKAMH JUIsl JTIKEPO-
rOpiTYAaHOTO BHUPOOHUIITBA — JUISi OYMIIEHHS BOJHO-CIIMPTOBHX CYMIIIEH BiJ JOMILIOK y
TEXHOJIOTIT TOPLIKH.

Marepianu i MeTogu. AKTHBHE BYIriJUIi — SIK CHPOBHHA JUIS OYMIICHHS BOIHO-
CIMPTOBUX CYMIIIIEH Y TEXHOJIOTIT ropiiok. MeTomu TOCHiIKEeHH: ancopOIliiiHa akTHBHICTh
3a fonoM; ancopOliiiHa aKTUBHICTH 33 OITOBOKO KHCIIOTOO; a/ICOpOLiliHA aKTHBHICTH 3a
METWJICHOBUM OJAKMTHUM; CyMapHHIH 00'€eM Mip IO BOJI; HACHITHA INUIBHICTH aKTHBHOI'O
BYTULISE; (ppaxiiiHU CKIIaJ]; MacoBa YacTHHA 30JIM; MACOBA YAaCTHHA 3aJ1i3a; MacOBa YacTHHA
BOJIOTH; MIIIHICTh Ha CTUPAHHSI.

Pe3yabraTi. AKTUBHE BYTLIIISI POCIIMHHOTO IOXO/pKeHHsI Mapok BAY-A, BAY-A-JIB3,
BAY-A-Ag, MeKC, KAY-A, KJIC-A 3a KOMIUIEKCOM TOKa3HHKIB HE B IMOBHOMY 00CS31
3aJI0BOJIBHSIE ITIIBUIIIEHNM BHMOTaM JIIKEPO-TOP1LTYaHOTO0 BUPOOHUIITBA.

AxTuBHE Byrius Mapku BAY-A Mae cranpapTHI 3HaU€HHs ITOKAa3HUKIB: aJicopOLiiiHa
aKTHBHICTh 3a HomoM — 62%; ajcopOliifiHa aKTHBHICTH 3a OLTOBOIO KHCIIOTOW — 64 M
azicopOIiiiHa aKTUBHICTh 32 METHJICHOBUM OJakuTHUM — 129 MI/T; cymapHuid 00'eM 1Op 1o
Bomi — 1,72 cM’/r; HacunHa MIimBbHICTH — 215 ©/AM3; MacoBa YacTHHA 3aIMILKY HA CHTI 3
nootHoM: Ne 36 — 1,6%; Ne 10 — 98%; na mignoni — 0,4%; MacoBa yactuna 3014 — 4,7%;
MacoBa 4acTHHA BOAOPO34YMHHOI 301 — 1,64%; MacoBa vactuHa 3aiiza — 0,12%; macoBa
yacTUHA BOJIOTH — 3,8%; MIlIHICTh Ha cTUpaHHs — 52,8%.

Jlns po3mmpeHHsT [iana3oHiB 3HAYEHb ITOKA3HUKIB HEOOXiIHO CTBOPIOBATH pi3Hi
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kKoMOiHarii Ha 6a3i Byriuiss Mapku BAY-A abo ix momudikaniii BAY-A-JIB3, FAY-A-Ag
CMUIBHO 3 aKTHBHUM BYriLIsIM KictoukoBuM (MeKC), kokocoBuMm (KAVY-A) i aHTpanurom
(KC-A). AxtuBae Byrimist mapku MeKC mo BigHomeHHo 10 BAY-A mae Buili 3HaueHHS:
azcopOIiiHOi aKTHBHOCTI 3a #WogoM Ha 32%; ajcopOuiiHOI aKTUBHOCTI 3a OLITOBOIO
KHCIOTOI Ha 45,3%; amacopOuiiiHOi aKTUBHOCTI 32 METHJICHOBUM OJaKUTHUM Ha 52,7%;
HACHITHOT IIIBHOCTI Ha 62,4%; MilIHOCTI npu cTupanHi Ha 37,3%. [o BigHoImeHHIO 10 BAY-
A aktuBHe Byriyuis MeKC Mae HIDKYI 3HAUCHHS: CyMapHOro 00'eMy mop 1o Bozi Ha -9,6%;
MacOBOI YaCTHHH 3aJIUIIKY Ha CUTI 3 TOOTHOM: Ne 36 Ha -1,5%; Ne 10 Ha -7,6%; Ha miaoHi
Ha 9,1%; macoBoi yacTuHu 3014 Ha -1,1%; MacoBoi YaCTHMHU BOJIOPO3YMHHOI 30511 Ha -0,4%;
MacoBoi yactuHu 3amiza Ha 0,1%; mMacoBoi yactuau Bonoru Ha -0,6%. [Ipu npoMy HH3BKI
MOKa3HUKH OJIHOTO aKTHBHOTO BYIUIS MOXXYTh KOMIIEHCYBATHUCS BUCOKHMH ITOKa3HUKAMHU
1HIIIOTO BYT1JLIA.

BucnoBkn. CTBOpeHHs KOMOIHOBAaHOTO aKTHBHOI'O BYIUUIA 3 ONTHMIi30BaHUMHU
MOKa3HUKaMU (30LIBLICHOI0 MIIHICTIO, BUCOKMM aJCOPOIIMHUMU Ta KaTaJliTHYHUMH
BJIACTHBOCTSIMH, PO3BUHEHOIO ITOPHCTOI0 CTPYKTYPOIO) JIO3BOJUTH HOMY BiJIOBinaTH
MiJIBUIIEHAM BHMOT'aMHU JIIKEPO-TOPITYaHOrO BUPOOHMITBA Ta AaKTUBHINIE COpOyBaTH
OpraHiyHi JOMIIIKH, [OMIMIIYIOYH OPTaHOJIENTUYHI TIOKa3HUKU TOPLIIOK.

Kunro4doBi ciioBa: axmusne gy2inis, ankozonw, 20piika, OUUWeHHs.

Mpouecu, obnagHaHHSA i CUCTEMU KOHTPONIO

IIporpamMHo-anapaTHHii KOMILIEKC ABTOMATH30BAHOI CHCTEMH KepPyBaHHS
€JIEKTPOCTIO;KABAHHSIM Ta €JIEKTPONOCTAYAHHAM MiINMPHEMCTBA Xap40Boi
MPOMUCJIOBOCTI

Cepriit banrora, Jlrogmuna Konmnosa, H0nis Kyesna
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Vkpaina

Beryn. IlpoBeneHi mocnipKeHHS TpOIECy KEPyBaHHS EIEKTPOCIOKHBAaHHIM Ta
€JIEKTPOIIOCTAYaHHIM TiIIPUEMCTBA Xap4yOBOI MPOMHUCIOBOCTI 3 METOIO IiIBUIIEHHS
e(eKTUBHOCTI TIepeJaBaHHsI Ta BUKOPUCTAHHS €IEKTPOPECYPCIB.

Marepianu Ta Metomu. JloCTiPKeHHS BHKOHAHI Ha OCHOBI METOIIB IMOOYIOBU
iHQOpMAIIIHUX CHCTEM Ta CY4YacCHOrNO TEXHIYHOrO OOJaJHAaHHA AaBTOMAaTH3AIlil
C€HEePreTHYHUX 00’ €KTIB.

Pesyabratu i obroBopennsi. [lns moOynoBu iH(GOpPMaiiiHOI CTPYKTYypH CHCTEMH
KEpyBaHHsI BUKOPHCTOBYEThCS iH(pOpMAIliiiHa MOJIENb TaHUX, siKa OYAyeThcsl 32 00'€KTHO-
OpIEHTOBaHUM IIPHHIIUIIOM.

BukoHaHO  JEKOMIIO3WIIIO  TIpOIleCy  KEepyBaHHS  €JIEKTPONOCTaYaHHSIM  Ta
€JIEKTPOCTIOKUBAHHSAM 1 BCTAHOBIIEHI (PYHKIIT KepyBaHHs, B3a€MOJis MK HHMHU Ta i3
KOpHCTYBa4aMH CUCTEMH.

3anmaui KepyBaHHS €IEKTPOCIIOKHBAHHIM Ta EJIEKTPONOCTaYaHHIM Pealli3yloThCs 3a
nonomMoror nporpamHo-anapatHoro komruiekcy (ITAK). Ilporpamna wactmna ITAK
BKIIfouae B ce0e  anropuTMH  pilleHHS  33jJa4  ONEPaTUBHOTO  KEepyBaHHs
EJICKTPOCTIOKMBAHHAM Ta €JICKTPOIIOCTAYaHHIM, 3aCO0H B3aEMO/IiT KOMITIOHCHTIB CUCTEMH 13
BJ] i onepaniiinoro cuctemoro (OC), a Takoxk rpadiuHy 000I0HKY B3aeMOil iHpopMaIliiHo-
00YHUCITIOBAIFHOTO KOMIUIEKCY 3 €HEProANCIETYEPOM. 3B'S3KH MK IIPUCTPOSIMH BEPXHBOTO
piast ACKEEIIIT oprani3ytoTh y BUIIISAAL JIOKAIBHOI 00uncioBanbHOI Mepexi Ethernet mo
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npotokony TCP/IP 3i mBuakicTio mepeaadi He menmie 10 MOit /c. KaHamu 3B'S3Ky Mix
BepxHiM piBHeM ACKEEIIII i koHTponepaMu HUKHBOTO PiBHS MOBUHHI OYTH, SIK PABUIIO,
BOJIOKOHHO-ONTUYHUMH, 10 3a0e3redye aOCONIOTHY Mepelrkoqo3axuiieHicts. [Ipu
nooynosi [ITK BpaxoBytoThcs yMoBH 3a0e3nedeHHs iHGOpMaILiiiHOT Oe3reKH.

BucnoBku. BukopucranHs mporpaMHO-aliapaTHOr0 KOMIUIEKCY, CTBOPEHOT0 Ha OCHOBI
iH(pOpMaLifHOI CTPYKTYpH, po3pobiieHoi 3rimHo meromonorii UML, 3a0e3mnedye BHUCOKY
€(pEeKTUBHICTh CHCTEM KEpyBaHHS €JEKTPOCIIOKHMBAaHHAM Ta €JIEKTPOIOCTaYaHHIM
MAIIPUEMCTBA XapUOBOi ITPOMHUCIIOBOCTI.

Karwouosi cJIOBA: enekmpoenepeis, Kepy8amHs, €1eKMPOCTIOHCUBANHS,
€1eKMpPONnOCMAYAHHS, ANCOPUMM.

TexHiuHa oniHKka epeKTUBHOCTI 32C00iB TepMOKOMIeHcalii CTPLJI MPOBUCAHHS
NPoBOiB Jien, po3podaenux B Ykpaini Ta CILIA

AmnatoJuiiii Ykpainens, Bonogumup Illecrepenko, Bosonumup Pomanriok
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuie, Yxpaina

Beryn. [IpoBeneHHS KOMILICKCHOT'O aHaJIi3y METO/IB 1 3a7a4 IS 3a0e3IeueHHS
€(QEeKTUBHOT0 BIPOBAPKEHHS IHHOBAI[ITHUX TEPMOKOMIIEHCYIOUHX HPUCTPOIB.

Marepianu i MmeToau. BukopucroByBanick (i3uuHe Ta MaTeMaTU4HE MOJIEITIOBAHHS
TIPOLIECIB, MOJIOXKEHHS TEOpPii aBTOMATUYHOTO KEPYBaHHS, TEOpPisl HEUiTKOI JIOTIKH.

Pe3yabraTu i odrosopennsi. KoMrieHcarlisi IpoBUCaHHS MPOBOIB MOBITPSHUX JIiHIH
enektponepenadi (JIEIT) cTBoproe yMOBH, 3a SKUX MOXKJIMBO 200 301IbIIYBATH IPOIHOTH,
a0o0 3HIKYBATH BHCOTY OIOpP IIPU 30€peKEHHI iCHYIOUHMX PO3PaxXyHKOBHX IIPOJIBOTIB. Y
pe3yNbTaTi 3HIKYETHCS IUTOMA BUTpPaTa OMOp, JIHIHHOI apMaTypH, 130J1s1ii, CKOPOUYIOTBCSI
Tepminu OyniBaunTBa JIETL. BpaxoBytouun icHyr04l HOpMH MOXKHA 30UTBIIUTH Ta0APUTHUIH
nponboT [1J] pisHux kiaciB Hanpyr Ha 7—10%.

3a pe3yabTaToM MPOBENSHOrO AOCIIKEHHS PO3pO0IEHO METOJMKY PO3PAaxyHKY Ta
OITHMIi3alii iICHYIOUMX INPHCTPOIB TepMOKOMIMeEHcamii cTpia mpoBucanHs nposoxi JIEIL.
3anpornoHoBaHO 0OaraTo(yHKI[IOHAIBHUI MPUCTPIH KOMIEHcamii TeMIepaTypHuX CTpil
npoBucanHs JIETL, mo no3Bosnsie onrumizyBaty sik airoui JIETI, Tak i 3armpoexroBaHi.

BucnoBku. Pe3ynbraTtit poOOTH AOLIIBHO BUKOPUCTATH B EIEKTPHYHHX MeEpeKax 3
TIOBITPSTHUMHU JIiHISIMH €JIEKTponepeadi BCiX Hampyr. YKpaiHChbKHH TEPMOKOMIIEHCATOp €
HOBUM KiacoM oOnamnHanas st JIEII, skuit Bupimye npoOieMy TeMIepaTypHOTo
TIOZIOBXKEHHS MIPOBO/IIB, BUKOPHCTOBYIOUHM MaTepiall, sIKHH pearye Ha 3MiHH TeMIepaTypu
3MIHOIO CBOET T€OMETPUYHOI (POPMHU Ta PO3MIpIB, 1 BIIPI3HAETHCS BUIIOK HAIIHHICTIO, HIX
aMepUKaHCHKUH.

Knro4doBi ciioBa: mepmoxomnencamop, cmpina npogucants, npoabom, nposio,
enekmponepeoaa.
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Instructions for Authors

Dear colleagues!

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

Requirements for article:

Language — English

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

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

The structure of the article:

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

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

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

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

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

Photos are not appropriate to use.

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

Temaruka nyonikaniii B Ukrainian Journal of Food Science:

XapyoBa iHXeHepis HanorexHnomorii

XapyoBa xiMmist [pouecu Ta obaHaAHHS

Mixkpobiosnoris ExoHomika Ta yrpaBiiHHs

BrractuBOCTI Xap4OBHX MPOIYKTIB ABTOMaTH3AIlisI IPOLIECIB

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

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

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

Ukrainian Journal of Food Science iHnekcyeTbcsi HAyKOMETpUYHUMH Oa3aMu:

EBSCO (2013)

Google Scholar (2013)

Index Copernicus (2014)

Universal Impact Factor (2014)

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

FSTA (Food Science and Technology Abstracts) (2018)

Ukrainian Journal of Food Science BxiroueHo y nepenik HaykoBuX (paxoBHX BHIaHb
VYkpainu 3 TeXHIYHHX HAYK, B SIKOMY MOXYTh IYONIKYBAaTHUCS pe3yJIbTaTH NUCEPTAIliHHIX
pobiT Ha 3700yTTSI HAYKOBUX CTYIEHIB JOKTOpa i KaHauiara Hayk (Hakxa3 MinicrepcTBa
ocitu i Hayku Ykpainu Ne 793 Bin 04.07.2014)

Penensisi pykomucy crarri. HaykoBi crarti, mpeacramBieHi s myOnmikaiii B
«Ukrainian Journal of Food Science» mnpoxomsTh «mojBiiiHe ciiilie pereH3yBaHHs»
(pelLeH3eHT He 3Ha€, YUI0 CTATTIO PELICHBYE, 1, BIAMOBITHO, aBTOP HE 3HAE PELICH3EHTA) JIBOMa
BYCHUMH, MPU3HAYCHUMH PENAKIIHOIO KOJETI€I0: OIUH € WICHOM PEIKOJerii, 1HIIMH —
He3aJIeXHUN ydeHu .

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

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

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

Ynenu pepaxuiiiHoi koJerii:

Anexkcanap IBaHoOB, n-p. TexH. HayK, mpod., MOruabOBCbKHI AepKaBHUK  YHIBEpCHUTET
IpoJoBONIbCTBA, Pecybnika benapycs

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

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

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

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

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

IBan Manexuk, 1-p. TeXH. Hayk, pod., Hayionanenuil ynisepcumem xapuosux mexmnonoeiu, Yxpaina
JliBiy I'auey, 1-p, npod., Tpancineeanceruii ynisepcumem bpawosa, Pymynis

Muxona CuueBCbKHI, 1-p. €KOH. HayK, Ipod., [ncmunmym npodosonvuux pecypcie HAAH Vkpainu
Mapk WMlamuosan, 1-p., 101., YopHomopcvka acoyiayisi 3 Xapuoeoi HAyKu ma mexHon02ii,
Pymynia

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

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

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

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

Tersina [Tupor, 1-p. 6ion. Hayk, npod., Hayionanvnuii ynieepcumem xapuosux mexnonocii, Ykpaina
Ounexciit ['yGenst (BioBianbHUIA ceKkpeTap), KaH. TeXH. HayK, NowL., Hayionanvhuil ynigepcumem
Xapuosux mexnonoei, Yxpaina.
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Bumoru 10 opopMiieHHs cTaTen

Mosga cratTi — aHrJiichKa.

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

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

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

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

— Beryn

—  Marepianu Ta Mmetoau

—  PesynbraTi Ta 00roBOpeHHs

—  BuchoBku

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

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

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

Opurinanu pucyskiB (¢aiinm rpadivyanx penakropis), a Takox ¢aiinu popmaty EXCEL
3 rpadikamMu 00OBS3KOBO MO/IAIOTHCS B OKPEMUX (paiiiax.

dororpadii Ta KOIBOPOBi 300pakeHHs 0aXkKaHO HE BUKOPUCTOBYBATH.

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

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

JleranbHi iHCTPYKIIT U151 aBTOPIB PO3MIllIEHI Ha CalTi

http://ukrfoodscience.ho.ua

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

IlocuiaHHA HA CTATTIO

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

CTOpPIHKH.

Bci enemenTy micnst poky BUAAHHS PO3AUISIOTHECS KOMAMU.
Hpuxaagm:

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

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

Ipuxyiax ogopmiieHHS CTATTI, OPUTiHAJ AKOI YKPAIHCHKOI0 MOBOIO:

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

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

OYIHCKAX MOIICHA OAMU NEePeKIA) AH2IIUCHKOI0 MOBOIO }.

—

IHocniiaHHS HA KHUTY

ABtopu (pik), Hazea knuzu (kypcueom), Bunasaunrso, Micto.
Bci eneMeHTH TiCs pOKY BUAAHHS PO3IIISIOTHCS KOMaMH.

Hpuxaagm:

Harris L. (1991), Money theory, McGraw-Hill Companies, Hardcover
Rob Steele (2004), Understanding and measuring the shelf-life of food, CRC Press.

IIpuxaax odopmiieHHs cTATTi, OPUTiHAT SIKOI YKpPaiHCBKOI0 a00 poCilicbKOI0

MOBOIO:

1.

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

Zalutskyi I.R., Tsymbaliuk V.M., Shevchenko C. H. (2009), Planuvannia i diahnostyka
diialnosti pidpryiemstva, Novyi svit, Lviv.

3a 6adxcanns niciis mpanciimeposanol HA38U KHUSU 8 {QIieyPHUX OYHCKAX MOJNCHA Oamu

Nnepexaa0 aHeitcbKow MOBOIO).
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IMocunanHs HA eJIEKTPOHHUI pecypc

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

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

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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