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Effect of methyl jasmonate, salicylic acid and ascorbic acid
on quality parameters of strawberry (Fragaria x ananassa
Duch) fruit during cold storage
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Introduction. The objective of this work was to investigate
the combined solution effects of methyl jasmonate, salicylic acid
and ascorbic acid on storability of strawberry fruits.

Materials and methods. The anthocyanins were quantified by
the pH differential method. Total phenolic compounds were
determined by method using Folin-Ciocalteau reagent. FRAP assay
was applied in order to determine antioxidant activity.
Determination of individual  anthocyanins by HPLC was
performed by a Varian- Prostar-500 series liquid chromatograph.
The texture analyses of the strawberries were carried out using a
Texture Analyser.

Results and discussion. Effect of combined solution of
Methyl jasmonate (MJ), Salicylic acid (SA) and Ascorbic acid
(AA) on storability of strawberry fruits (Victoria and Camarosa
varieties) was investigated. Treatment with MJ, SA and AA
positively influenced on the level of content of vitamin C in
strawberries fruits during storage.Total anthocyanins in the control
samples of VlCtOI‘la gradually decreased from 21.35+1.06 to
13.35+0.66 mgl00g" on the 13-th day of storage. As to the treated
samples, anthocyanins content reduced to 15.49+0.77mg100g™.
the samples of Camarosa total anthocyanins reduced from
46.934£2.34 to 20.41 £1.02 and to 34.59+1.72 mg per 100 g fruits
in control and treated samples respectively.Total phenolic
compounds (TPC) in the control samples of Victoria initially was
equal to 129.86+6.49 mgl00g” and at the end of experiment, it
reduced to 111.1545.55 mglOOg Whereas, in the treated sample
TPC was unchanged. TPC in Camarosa mltlally was by 40% more
than in Victoria, i.e. 181.51£9.07 mgl00g'. After 13 days of
storage, TPC reduced to 131.00+6.55 and t0150.02+7.50 mgl00g™
in the control and treated samples respectively. Effect of treatment
was statistically and practically significant. During storage period,
antioxidant activity of the fruits decreased gradually. Change in
antioxidant activity of the treated samples was less significant than
in untreated sample. i.e by 17.9 and 23.3 % for the fruits of
Victoria and Camarosa varieties respectively. Main anthocyanin in
the fruits of both varieties was Pelargonidin-3-O-glucoside. Its
initial content in the fruits was 68.45+3.42 and 65.28+3.26 % of
total anthocyanins for Victoria and Camarosa varieties
respectively.

Conclusion Treatment of fruits of strawberry with combined
solutions of methyl jasmonate, salicylic acid and ascorbic acid
positively influenced on storability of the fruits. Maintenance of
anthocyanins and total phenolics as well as antioxidant potential
during storage period was statistically significantly increased.
Treatment with combined solution resulted in improvement of
texture of fruits during storage process.
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Introduction

Strawberries (Fragaria x ananassa Duch) are one of the most popular berries in the
world. The quality, chemical composition and sensory parameters of strawberries during
fresh storage period have been studied intensively [1]. Strawberries are a good source of
vitamins and minerals, and their quality and chemical composition vary among cultivars
and with postharvest handling conditions [2]. Also, strawberry fruit is a rich source of
natural antioxidants and phytochemicals, particularly anthocyanins, flavonoids, phenolic
acids[3-8]. However, shelf life of strawberries is very limited. During fresh storage fruits
undergo significant microbial decay, fruit softening, water loss, loss of red color, brown
pigment formation, and flavor changes [1, 9-10].

Various chemical compounds have been used to treat the strawberry fruits in order to
reduce such undesirable changes during storage period and to prolong shelf life of the
fruits.

MJ and SA are endogenous plant hormones that play principal roles in regulating stress
responses and plant development [11-12].

Methyl jasmonate (MJ)is a plant growth regulator and it very actively participates in
many physiological processes [12, 13]. MJ serves as a signal molecule to initiate the
defense mechanism in response to stress conditions [14]. According to Cardemil and co-
authors, post-harvest treatments of fruits with jasmonate stimulates the production of such
antioxidants as flavonoids, anthocyanins, phenolic acids; improvesthe fruits quality and
prolongs their shelf life [15].

Salicylic acid (SA) is a hormonal substance, participating in regulation of numerous
physiological processes [16]. SA can inhibit biosynthesis of ethylene in fruits and in such a
way delay the ripening of fruits. SA reduces fruit deterioration caused by chill injury and
fungal disease during fresh storage period[17].

Ascorbic acid (AA) is known to inhibit browning process in fruits. In addition, AA is
cheap and safe for human consumption [18, 19-24].

The objective of our work was to investigate the combined solution effects of methyl
jasmonate, salicylic acid and ascorbic acid on storability of strawberry fruits.

Material and methods

2.1 Chemicals

Ascorbic acid higher than 99.0% and potassium dihydrogen phosphate were purchased
from Sigma-Aldrich (Steinheim, Germany); TPTZ — 2-4-6-tris (2-pyridyl)-s-triazine
(Sigma-Aldrich, Switzerland), the Folin-Ciocalteau reagent (Appli Chem, Germany),
hydrochloric acid, formic acid and phosphoric acid were provided by Merck (Darm-stadt,
Germany); sodium carbonate was purchased from ChemCruz (ChemCruz Biochemicals,
USA); ethyl acetate and methanol (Sigma-Aldrich, Steinheim, Germany) were HPLC
grade. All other reagents were commercially available at the local market and were of
analytical grade.

2.2. Sample collection

The strawberries (Camarosa and Victoria) were harvested in mid-summer in the eastern
part of Georgia (GPS coordinates: Latitude: 41°57°59.99” N, Longitude: 44° 05° 60.00” E).
After harvesting, representative samples of the fruits were treated with combined solution
(0.005% MJ, 0.15% SA, 1% AA) at 20+1 °C with an exposure time of 2.0 min. The treated
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samples were stored in a refrigerator at 0+0.5 °C and 95+0.5% RH. Quality parameters
such as vitamin C content, TPC and anthocyanin content, as well as the antioxidant
potential were monitored at the start of sampling and after 4,7,10 and 13 days.

2.3. Sampling procedure

The samples were prepared for the ascorbic acid determination by HPLC (Varian-
Prostar-500, USA, detector-UV varian Prostar, Australia, column- 250 mm x 4.6 mm, dp =
5 um (Symmetry, Waters, Ireland) [25] as follows: briefly, the sample (10 g) was extracted
in 10 mL water adjusted to pH 1.5 with 10 mL phosphoric acid-water (2%, v/v). The
extracts were filtered through 45 pum filter paper (Whatman, UK) and 1.5 mL buffer (0.01
M KH2PO4, pH 8.0) then added to 1.5 mL of the sample extract. 1 mL aliquots (vitamin C)
of each of the preferred mixtures were then loaded on to C 18 cartridges (Agilent, Bond
Elut, USA) and 3 mL aliquots of water adjusted to pH 1.5 with 2 mL phosphoric acid-water
(2%, v/v) passed through them.

The samples used for the antioxidant analysis were prepared according to Rodriguez-
Saona and Wrolstad (2001) [26]. About 40 g of strawberries was cryogenically milled in
liquid nitrogen. Chilled test tubes were filled with milled fruit powder and weighed (5 g),
and the powder then extracted with acetone (200 mL).The acetone was removed under
vacuum in a rotary evaporator at < 30 °C, and 250 mL of methanol (70%) then added to the
powder. The total methanol extract was examined for antioxidant activity.

Samples for anthocyanin analyses by High performance liquid chromatography, HPLC
(Varian — Prostar - 500, USA, detector - UV varian Prostar, Australia, column — S 250 x
4.6, Agilent, Microsorb — 100 - 5, The Netherlands) were prepared according to Prior et al.
(2012) [27]. Berries (40 g) were homogenized in methanol/water/formic acid in a ratio of
60: 37: 3 (v/v/v), kept overnight (14 h) at 3 — 5°C and later filtered by filter 45 pm
(Whatman, UK) through a Buchner funnel under vacuum. The filtrates were centrifuged
(4000 X g, 15min, 21°C) The supernatant was concentrated under vacuum in a rotary
evaporator at < 30°C to total evaporation of the methanol. An aliquot (2.0 mL) of the
aqueous phase was carefully deposited onto a C - 18 cartridge (Agilent, Bond Elut, USA).
sugars and more polar substances were removed by passing 2.0 mL of ultrapure water
through the cartridge. polyphenols were removed by passing 2.0 mL of ethyl acetate and
finally anthocyanin pigments were eluted with 10 mL of methanol. 10 mL deionized (DI)
water was added to the methanol extract and then the methanol was removed under vacuum
in a rotary evaporator at < 30°C.

2.4. Determination of pH

pH value of the berry fruits was measured using a pH-meter (EHS-320, China) at 20°C
[28].

2.5. Determination of vitamin C

Vitamin C was determined by the HPLC method [25]. The columns used were 250 mm
x 4.6 mm, dp =5 um (Symmetry, Waters, Ireland) and the mobile phase was water adjusted
to pH 3 with phosphoric acid. The UV detector (Varian pro Star, Australia) was set at 215

nm and quantification was based on the peak area measurement. For HPLC
(Varian-Prostar-500, USA), 20 uL of sample were injected.

2.6. Determination of total Anthocyanins

The anthocyanins were quantified by the pH differential method [29]. Samples were
diluted 1:150 in pH 1.0 and pH 4.5 buffers, and the absorbance measured at 520 nm and
700 nm in a UV -Visible spectrophotometer (A & E Lab Co LTD, UK), based on a
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cyanidin 3-glucoside molar extinction coefficient of 26,900 AEmol” and a molecular
weight of 449.2 gmol™. The resulting values were expressed in terms of mg of anthocyanin
per 100 g of fresh fruit.

2.7. Determination TPC

TPC was performed by Bond et al. (2003) [30]. As aliquot of 1.0 mL of diluted sample
extract was vortexed with 10 mL DI water and 1.0 mL Folin-Ciocalteau reagent, and a 1.0
mL deionized water was used as control. After equilibration at room temperature for 8 min,
the solutions were mixed with 4 mL of 7.5% (w/v) Na,COs. The samples and standards
(Gallic acid dilute working standard solutions: 10-50 ugmL™) were equilibrated at room
temperature for 60 minutes. The absorbance of the samples and standards were measured
spectrophotometrically (UV/Vis spectrophotometer, A&E Lab Co LTD, UK) at 765 nm,
with a 10 mm path length cell. TPC was calculated as mg of gallic acid equivalents per 100
g fresh weight of sample.

2.8. Determination of individual anthocyanins by HPLC

Determination of Anthocyanins by HPLC Analyses was performed by a Varian —
Prostar - 500 series liquid chromatograph. Separation was achieved on a C18, 150 mm x
4.6 mm column. Solvents used were: (A) Aqueous Trifluoroacetic acid (TFA) 0.1%, and
(B) Methanol 100%, establishing the following gradient: isocratic 6% B for 5 min, 30% B
over 10 min, isocratic 50% B for 15 min, 60% B over 5 min, and 6% B over 10 min, using
a flow rate of 0.4 mL min-1, using 518 nm wavelength, and a mass spectrometer (MS,
Varian-prostar-500, USA) connected to the HPLC system. The Mass Spectrometer (MS)
was equipped with an Electro Spray lonization (ESI) source and an ion trap mass analyzer.
Spectra were recorded in positive ion mode 3500 volts. Quantification of anthocyanins
content was carried out according to chromatographic peaks at 518 nm wavelength.

2.9. FRAP assay

The Ferric Reducing Ability of Plasma (FRAP) assay was carried out as previously
described by Benzie and Strain (1996) [31]. The experiment was carried out at 37 °C and
pH 3.6 with a blank sample in parallel. In the FRAP assay, the reductants (“antioxidants”)
in the sample reduce the Fe (III)/tripyridyltriazine complex to the blue ferrous form, with an
increase in absorbance at 593 nm. The final results were expressed as micromole AA
equivalents per 100 gram (mmol AA100g™).

2.10. Texture Profile Analysis (TPA)

The texture analyses of the strawberries were carried out using a Texture Analyser
(LLOYD, TA1, AMETEK Inc, USA).Cylindrical probe with 10 mm diameter was applied.
Extension speed of the probe was 100 mmmin™'. Work done by probe, which caused the
sample to rupture, was calculated.

2.11. Statistical Analysis

The data represents the mean of three replicates & standard deviation (SD). Data were
subjected to the ¢ - test. All calculations were performed with Microsoft Excel (Version 4,
statistical functions, Microsoft Corp., Redmond, WA, USA).

370 —— Ukrainian Food Journal. 2018. Volume 7. Issue 3



Food Technology
Results and discussion

3.1. pH

During storage period, pH value of treated as well as untreated fruits did not change
statistically significantly and was between 3.60-3.76 for Victoria (Table 1) and between
3.75-3.99 for Camarosa (Table 2). This fact indicates that there was no hydrolyses of
proteins and no change in organic acids concentration during storage period, i.e.
conditions for cold storage was chosen properly.

Table 1
Proximate chemical composition of Victoria
Storage pH Vitamin C Total TPC FRAP mg
period mgl00g’ | Anthocyanins | mgl00g” equivalents
mg100g™ of vitamin C
x100g™
Initial 3.60 45.60 21.35 129.86 206.46
+0.18" +2.28" +1.06" +6.49" +10.32°
After4 | C 3.69 56.40 17.09 134.23 185.70
days +0.18° +2.82° +0.85" +6.71° +9.28"
TS 3.79 61.20 20.21 140.85 202.12
+0.19* +3.06° +1.01° +7.04° +10.10"
After7 | C 3.68 52.80 15.79 130.92 136.08
days +0.18° +2.64° +0.78" +5.23° +6.80°
TS 3.80 55.20 19.50 137.56 177.25
+0.19* +2.76° +0.97° +6.87° +8.86"
After | C 3.77 41.00 13.95 126.57 130.38
10 days +0.17° +2.05¢ +0.69° +6.32° +6.51°
TS 3.82 49.25+ 18.91 141.95 169.14
+0.20°" +2.46° +0.94° +7.10° +8.45°
After | C 3.76 22.55 13.35 111.15 120.02
13 days +0.17° +1.12¢ +0.66° +5.55° +6.00°
TS 3.95 38.95 15.49 138.00 157.61
+0.20 +1.94" +0.77° +6.90° +7.88°

*C-control; **TS-treated samples
*-Values within a column with different letters are significantly different by ANOVA with
Tukey's HSD tests at p <0.05.

3.2. Content of vitamin C

Vitamin C content in the fruits of Victoria increased after treatment from 45.60+2.28 to
56.40+2.82 mg100g™ in control samples and up to 61.20+3.06 mgl00g™ in treated samples,
and stayed on this level until 7-th day. Increasing of vitamin C content was caused,
probably, because of the prolonged ripening process in fruits during first storage days
[25]. After 7-th day content of vitamin C declined due to destruction of vitamins caused by
oxidation process [32-36]. On the 13-th day, it was 22.55 +1.12 and 38.95+1.94 mg100g™
in control and treated samples respectively. Thus, treatment with MJ, SA and AA positively
influenced on the level of content of vitamin C in Victoria strawberries fruits during
storage.
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As to the fruits of Camarosa, because of oxidation process again, vitamin C content
decreased monotonically in the control and treated samples as well, and at the end of
experiment it was about half of the initial level. There was no statistically significant
difference between content of vitamin C in the control and treated samples (Table 2). So, in
case of Camarosa fruits, no effect of treatment with MJ, SA and AA on the content of
vitamin C was found.

Table 2
Proximate chemical composition of Camarosa
Storage pH Vitamin Total TPC FRAP mg
period C Anthocyanins mg100g™ equivalents
mg100g™ mg100g™ vitamin C
x100g™
Initial 3.75 56.40 46.93 181.51 370.23
+0.15° +2.82° +2.34° +9.07" +18.51°
After 4 C 3.78 58.80 35.03 188.10 352.30
days +0.15° +2.94° +1.75° +9.40° +17.61°
TS 3.82 62.40 48.43 197.80 368.45
+0.19° +3.12° +2.42° +9.89° +18.42°
After7 | C 3.87 43.20 30.15 162.83 281.60
days +0.18° +2.16° +1.50° +8.14 +14.08°
TS 3.80 45.60 42.20 184.81 319.99
+0.18° +2.28 £2.11° +9.24* +15.99°
After 10 | C 3.90 28.70 26.28 160.32 216.30
days +0.19° +1.43¢ +1.31¢ +8.01° +10.81
TS 3.84 30.75 38.17 180.11 277.98
+0.19* +1.53¢ +1.90 +9.00°" +13.89
After 13 | C 3.99 23.40 20.41 131.00 201.14
days +0.20° +1.17° +1.02° +6.55° +10.05
TS 3.83 25.42 34.59 150.02 248.25
+0.18" +2.27 +1.72° +7.50° +12.41°

*C-control; **TS-treated samples
*-Values within a column with different letters are significantly different by ANOVA with Tukey's
HSD tests at p <0.05.

3.3. Content of total anthocyanins

Total anthocyanins in the control samples of Victoria gradually decreased from
21.35+1.06 t013.35+0.66 mg100g™ on the 13-th day of storage. The reason for reduction of
anthocyanins quantity may be their oxidation process [37]. As to the treated samples,
anthocyanins content reduced to 15.49+0.77mgl00g”. Difference between control and
treated samples at the end of experiment was statistically significant but practically
insignificant (Table 1).

In the samples of Camarosa total anthocyanins reduced from 46.93+2.34 to 20.41 £1.02
and to 34.59+1.72 mg per 100 g fruits in control and treated samples respectively.
Difference between control and treated samples at the end of experiment was statistically
and practically significant as well (Table 2). Thus, in case of Camarosa, application of
combined solution of methyl jasmonate, salicylic acid and ascorbic acid positively
influenced on storability of strawberry fruits.
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3.4. TPC

Total phenolic compounds in the control samples of Victoria initially was equal to
129.86+6.49 mgl100g™ and at the end of experiment it reduced to 111.15+5.55, that is by
17%. Degradation of phenolic compounds was. Probably, caused by their oxidation [38.39].
Whereas, in the treated sample TPC was unchanged (Table 1), assumingly due to the
treatment effect.

TPC in Camarosa initially was by 40% more than in Victoria, i.e. 181.51£9.07
mgl00g™. After 13 days of storage, TPC reduced to 131.00+6.55 and to 150.02+7.50
mg100g™ in the control and treated samples respectively (Table 2). Effect of treatment was
statistically and practically significant. From these data, we can conclude, that combined
solution of MJ, SA and AA effectively inhibited oxidation process of phenolic compounds
in the fruits of strawberry of Victoria and Camarosa varieties.

3.5. FRAP assay

It is well known that antioxidant activity of fruits is proportional to the phenolic
compounds content [40.41]. Therefore, it was not surprising that antioxidant activity
monotonically decreased in the control samples of Victoria from 206.46+10.32 at the first
day to 120.02+6.00 mg equivalents of vitamin-C per 100g fruits at the end of the
experiment. Change in antioxidant activity of the treated samples of Victoria was less
significant: from 206.46+10.32 to 157.61+7.88 units, that is by 17.9% less than in the case
of control samples.

Antioxidant activity of fruits of Camarosa initially was by 80% more than that of
Victoria fruits. During storage period, antioxidant activity of the fruits of Camarosa
decreased gradually. After 13 days of storage, it was equal to 201.14+10.05 and
248.25+12.41 units for untreated and treated samples respectively (Table 2). Thus, the
effect of treatment was statistically and practically significant, i.e. 23.3%.

3.6. Individual anthocyanins

Main anthocyanin in the fruits of both varieties was Pelargonidin-3-O-glucoside. This
is a common case for strawberry fruits [42]. Its initial content in the fruits was 68.45+3.42
and 65.28 +£3.26 % of total anthocyanins for Victoria and Camarosa varieties respectively.
Though total anthocyanins content gradually decreased during storage period, percentage of
this anthocyanin did not change during storage days (Table 3). This indicates on the fact,
that Pelargonidin-3-O-glucoside remained the main anthocyanin during whole period of
storage. In Victoria variety Pelargonidin-3-acetyl-glucoside was the second anthocyanin by
quantity — its percentage in the treated and untreated samples was about 10% and did not
changed during storage. Percentage of this anthocyanin in the Camarosa variety varied non-
monotonically during storage time. Non-monotonical changes of percentage of individual
anthocyanins, assumingly, was a result of the fact that quantity of various anthocyanins
were changing differently during storage period. In Camarosa Cyanidin-3-O-glucoside was
the second anthocyanin by quantity, its percentage changed during storage period from
10.25£0.51 to 9.41+0.47 and 8.10+0.40% for untreated and treated fruit samples
respectively. Pelargonidin-3-O- rutinoside was one more anthocyanins detected in both
varieties of strawberry. Its initial percentage was equal to 6.14+0.30 and 8.234+0.41% in
Victoria and Camarosa varieties respectively. Cyanidin-3-O-rutinoside was presented in the
smallest quantity in both varieties. Its percentage was less than 1% and did not change
practically during storage time.

—— Ukrainian Food Journal. 2018. Volume 7. Issue 3

373



Food Technology ——

Table 3
Individual Anthocyanins in Strawberry cultivars (%)
Cultivars Storage period 1 2 3 4 5
Initial 5.44 0.17 68.45 6.14 10.03

+0.27* | £0.008" | +£3.42" | £0.30" | +0.50"

C 5.39 0.21 69.04 | 7.65 9.83
£0.26° | +0.01° | £3.45% | £0.38"° | +0.49°

After 4 days  —g——¢55 0.19 6919 | 645 9.13
£0.31° | £0.009° | £3.46" | +0.32° | +0.45°
C 771 0.23 6595 | 7.44 10.33
After 7 days +0.38° | +0.01% | £3.29* | £0.37° | +0.51°
Victoria TS 676 022 [ 6687 | 659 10.06
+£0.33° | +0.01 £3.34° | £0.32° | +0.50°
C 5.23 0.20 6945 | 6.12 8.09
After 10 days £0.26° | +0.02° | £3.47* | £0.30° | +0.40°
TS 6.19 0.24 68.01 733 9.38
+0.38° | +0.01% | £3.40° | £0.36° | +0.47°
C 8.27 0.23bd 66.29 6.02b 8.22b
£0.41¢ | +0.01 £331° | £0.30° | +0.41
After 13 days ' —ra——¢"5 035 6484 | 547 9.10
£0.43° | £0.02° | £3.24* | £0.27° | +0.45°
Initial 9.28 0.48 6528 | 823 7.01
£0.46° | £0.02° | £3.26* | +0.41° | +0.35°
C 10.25 0.63 6540 | 11.71 3.13
After 4 days £0.51° | £0.03° | £3.27* | +0.58" | +0.15°
TS | 7.81 0.46 68.68 | 8.72 4.12
£0.39° | +0.02° | £3.43" | £0.43" | +0.20°
C 9.29 0.70 65.50 | 13.93 1.57
Afier 7 days £0.46" | +0.03° | £3.27* | +0.69° | +0.07°
TS | 10.58 0.59 64.00 | 10.67 4.62

Camarosa

£0.52° | +0.03° | £3.20° | +0.53"° | +0.23°

C 11.41 0.65 65.81 | 10.08 223
£0.57° | +0.03° | +£3.29* | +0.50° | +0.11°

After 10days === 5031 [ 6273 | 411 | 1226

+0.45" | +0.01% | £3.13* | £0.20° | +0.61%

C 9.41 0.62 67.81 10.16 2.02

a b a 3 ;
After 13 days +0.47 +0.03 +3.39 +0.50 +0.10

TS 8.10 0.32 63.73 4.00 11.30
+0.40° | +0.01° | £3.18" | £0.20° | =+0.56%

*C-control; **TS-Treated samples

1.Cyanidin-3-O-glucoside

2.Cyanidin-3-O-rutinoside

3.Pelargonidin-3-O-glucoside

4 Pelargonidin-3-O- rutinoside

5.Pelargonidin-3-acetyl-glucoside

*  Values within a column with different letters are significantly different by ANOVA with Tukey's
HSD tests at p <0.05
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3.7. Texture analysis

The curve showing load resulting from deformation of fruit was linear for all samples
(Fig.1).At the start of experiment for control samples of Victoria fruits, work required for
rupture of fruits was equal to 20.6+4.7 Nmm, and at the end of the experiment, it was equal
t010.84+4.8 Nmm. For the treated samples of Victoria this parameter changed from 25.1+£9.8
to 17.844.5 Nmm. Camarosa fruits were more resistant against load force. Work to rupture
untreated samples of Camarosa was equal 46.5+13.2 Nmm at the start of experiment and
reduced to 30.4+5.5 Nmm after 13 days of storage. As to the treated samples of Camarosa,
this parameter was 43.2+6.3 Nmm on the first day of experiment, and 32.6+5.5 Nmm on
the 13-th day of storage. Thus, treatment with combined solution resulted in improvement
of texture of fruits during storage process.

12
] A1
10 y = 2,1201x -47.583
e R’ = 0,9954 _/
L~
6 /
//

Load.N

4 Pd
2 //
0 <
22 23 24 25 26 27 28 29

Extention,mm

Figure 1. Load dependance on extention in camarosa fruits, control samples, first day

Conclusions

Treatment of fruits of strawberry with combined solutions of methyl jasmonate,
salicylic acid and ascorbic acid positively influenced on storability of the fruits.
Maintenance of anthocyanins and total phenolics as well as antioxidant potential during
storage period was statistically significantly increased. Treatment with combined solution
resulted in improvement of texture of fruits during storage process.
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Introduction. It is investigated the influence of the food
additive on the nanopowder basis of double oxide of two- and
trivalent iron for the quality and the technological properties of beef
minced meat.

Materials and methods. The beef minced meat in which the
nanopowder of double oxide of two- and trivalent iron was added in
the amount of 0,05-0,15 %. The water — holding capacity and fat-
retaining capacity was determined by using a butyrometer and a
refractometer; stability of forage emulsions by centrifugation
method; the degree of penetration and the marginal shear stress on a
tapered plastomer: the stickiness — by the size of the effort of the
separating of two surfaces connected by minced meat.

Results and discussion. Due to the large specific volume,
protein affinity, bacteriostaticity, high chemical potential and
thermal stability of the nanopowder of double oxide of two — and
trivalent iron has sorption, complexing, emulsifying, water-holding
and fat-retaining capacities. This contributes to the formation of the
new functional and technological indicators of minced meat systems
and improve the consumer characteristics of the finished products
obtained from them.

The introduction of a food additive which is based on a
nanopowder of double oxide of two- and trivalent iron in the beef
minced meat in an amount of 0,05-0,15% to the meat mass
contributes to the improvement of sensory (by 1,0-1,2 points on a 9-
point scale) and the functional and technological indicators in
comparison with the control: the water-holding capacity increases by
1,1-2,0%; the fat-retaining — by 1,2-2,6 %; the emulsifying capacity
— by 1,3-2,0%; stability or stability of minced emulsions — by 1,4—
2,1%; it also helps to reduce the level of total microbial
contamination from 6,2x10° CFU/g in the control to (5,1-5,8)x 10’
CFU/g in samples enriched with Fe;0,, that is, by 6,5-19,6%. The
losses during the heat treatment of the experimental samples of
chilled minced meat with the addition of 0,05-0,15% Fe;O, are
reduced by 14,4-18,4%.

The rational amount of a food additive on the basis of
nanopowder of double oxide of two- and trivalent iron — 0,1% to the
mass of meat raw materials is shown.

Conclusion. The food additive on the basis of nanopowder of
double oxide of two- and trivalent iron improves the quality and the
technological characteristics of the minced meat systems.
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Introduction

At present time the increase in the meat quality with the low moisture in particular with
PSE i DFD problems dictates the need to improve the existing technologies of meat
products which permit the practical and effectively use of the meat formula with the
indicated disadvantages. Therefore, the meat industry uses a variety of food additives-
improvers: biologically active additives (BAA), enriched with essential micro-elements
and probiotic (BAA) [1, 2]; protein formulation [3, 4]; water-retaining agents E450, E452
[3, 5]; acidity regulators: E451, acetic acid, lactic acid, E262 [3, 6]; spices, spice extracts,
dextrose, thickeners E412, E410, E415 [5, 6]; amplifiers of taste and aroma E621 [6];
antioxidants — citric, tartaric and ascorbic acid, E316 [6, 7]; natural food colors, in
particular, red rice [6]; flavors, in particular, IN [5, 7]; colorants, in particular, NaNO; [7].

One of the most common additives is glutamic acid E620 and its salts (E621, E622,
etc.) without which almost any enterprise in the meat processing industry cann't do today.
These substances are able to enhance the products taste made from meat especially when
using the low-grade stock causing a "sense of satisfaction". This property is called the
"glutamine effect" [7]. However, food additives of this group do not bear any technological
load which is why they are not necessary either [7].

Another group of food additives that are widely used in the meat industry there are the
additives to improve the functional and technological indicators of the meat products, in
particular, the increase in the water binding capacity (WBC) of the meat and meat products
(sodium and potassium alginates [6, 8]; agar, carrageenan [8, 9]; gums: carob, guar,
xanthan, konduk [6, 8, 10, 11]; insoluble dietary fibers of the different origin: wheat, soy,
oat, pea, apple, citrus [12-14]; citrates [7, 15], food phosphates: pyro, tri- and
polyphosphates [7, 8], cellulose, methylcellulose, to arboximethylcellulose [6-8, 13, 14].
However, they impair the quality and reduce the microbiological safety (as a result of high
moisture content) and the economic performance of the product (due to the yield increasing
and reducing of the finished products cost). Exceeding the recommended amount of
phosphates [7, 8] and citrates [7, 13] leads to a loss of the products aroma taste and a pearl
luster appears on the cut. The disadvantage of the insoluble dietary fibers [7, 13—14] is the
instability of both high and low temperatures in the acidic media and the salts presence. The
lack of insoluble dietary fiber [12—14] — lack of antioxidant and antimicrobial action. The
need for accurate the alginates dosing [6, 8] makes it difficult to use them in the meat
industry.

To improve the emulsifying capacity it is used the food emulsifiers based on fatty
acids:fatty acids salts, mono- and diglycerides of fatty acids cetylated fatty acid [6, 7, 17].
However, they do not have an antioxidant effect.

In the meat processing plants for the improving of the nutrition value and the water-
retention capacities it is used the various functional ingredients derived from the industrial
by-products (skin, hooves, feathers, offal, etc.). They are used in the form of enriching
powdered protein supplements [6, 19].

However these additives are characterized by a narrow focus and do not have a
complex effect [19]. In the meat industry for improving of the nutrition value and quality of
finished products it is used the natural phytosolids and probiotics [2, 20]. Their
disadvantage is the functional properties loss during heat treatment. Nowadays to improve
the quality and shelf life of the meat products the dietary supplements with antioxidant and
antimicrobial effects of natural origin are used: essential oils, oils and fats [21, 22]. The
disadvantages of these additives include the low water-retention capacity and the
insufficient yield of finished products [21, 22].
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Recently, silver, titanium dioxide and silicon dioxide nanopowders have been used as
the polyfunctional food additives [23]. However the use of these additives in food products
is very limited, since their functional, technological, microbiological, and physical-
chemical parameters have not been studied sufficiently [23]

Thus, the well-known food additives-improvers, as a rule, separately allow to improve
the certain functional and technological characteristics, the product quality; slow down the
processes of oxidative, microbial damage; lengthen storage time. However, they do not
have a complex action.

Therefore, it is relevant in the meat-processing industry to search for and research the
food polyplastic additives of the complex action.

For the formation of the necessary functional and technological properties of the meat
products can be offered a dietary supplement based on iron oxides “Magnetofood” [Patent
UA No. 126502 Food additive “Magnetofood”, 2018, Bul. No. 12, 4 p., Ukrainian
Engineering Pedagogical Academy, Kharkov, Ukraine], which is a scientific development
of the authors of this research paper. “Magnetofood” is a highly dispersed nanopowder with
a particle size of 70 — 80 nm and with a large specific surface and chemical potential [24 —
28]. According to the chemical formulation “Magnetofood” is a double iron oxide (FeO -
Fe,0; abo Fe;04) which was obtained by the using the improved technology that allows to
obtain nanoparticles of a given size; adjustment the physical-chemical and functional-
technological properties; reduce the process complexity and the cost of the final product
[24, 29 — 31]. Due to Fe (II), “Magnetofood” shows the reducing properties and can be used
as an antioxidant additive which prevents the fats oxidation and fat-containing products and
thereby improves their quality and the period of use [32, 33]. Considered the biological
compatibility of the supplement “Magnetofood” with the living organisms and its positive
effect on the human body [24, 34] it is possible to use the food additive based on Fe;0,
nanopowder (“Magnetofood”) as an additional source of the easily digestible iron [24, 35].

Nanoobjects which include a nanopowder based on Fe;O4 iron oxides (“Magnetofood’)
have a huge potential and carry a lot of the important fundamental discoveries,the new
functional-technological properties and promising technological applications [36, 37].

The nanoparticles interaction of a food additive based on Fe;O, nanopowder
(“Magnetofood”) with biopolymers (proteins, proteins, carbohydrates, lipids) it is a
complex of the complex chemical reactions. The process of nucleation is nucleation of a
new stable phase with an initial metastable phase passes through. The supramolecular
organization of “Magnetofood” nanoparticles and the organic matrix structure play an
important role. The result is the formation of spatial nanostructures that significantly affect
on the functional and technological properties of raw materials and semi-finished products.
In food systems such additives in particular, a food additive, based on Fe;O, nanopowder
(“Magnetofood”) can show restorative, antioxidant, bacteriostatic, sorption, complexing,
emulsifying, water-binding, water-retaining, greasy properties [24, 38—42].

The researchers of VM Pasechny, TA Shugurova, NN Tolkunova and others have
devoted their research to the modern directions of the technologies perfection for the meat
split-off semifinished products. In numerous scientific publications the innovative approach
prospects to the development or the technology improvement of the meat-split semi-
finished products are considered both in the aspect of the formation of the formulation with
the use of additive- improvers and the technological process improvement [43—47].

Hence, the advanced way of the issue solution of the improving technological, sensory
qualities and ensuring their stability and safety, extending the meat products shelf life, in
particular, split semis can be used the new food ingredients which designed to perform, as a
rule, the several functions at the same time: the structure formers, stabilizers, emulsifiers,
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antioxidants; to possess bacteriostatic, water-retention and fat-containing capacities [45-

47].

Therefore, the research related to the technology improvement of the high-quality meat
products with a long shelf life with the food additives of complex action is relevant and
well-timed.

Also the unknown effect of the food additive based on Fe;O, nanopowder
("Magnetofood™) on the sensory characteristics, the structural and mechanical and
functional-technological properties of the meat-split semi-finished products, in particular,
the beef mincemeat in the beef steaks technology.

As this research is the integral part of the authors' scientific and practical work for the
beef steaks technology improving of a food additive using based on Fe;O4 nanopowder
(“Magnetofood”), the aim of this work is to research the functional and technological
properties of the beef minces by using of the food additives of Fe;O4 nanopowder
(“Magnetofood”) and determine the rational mass fraction of its addition.

To achieve the aim the following tasks were set:

— to investigate the effect of “Magnetofood” food additive on the heat treatment losses
and sensory characteristics of prototypes of chilled beef mince after storage for 24
hours at 5 °C +1 °C;

— to investigate the influence of “Magnetofood” food additive on the functional and
technological properties of prototypes of fresh made and chilled beef mince after
storage for 24 hours at 5 °C 1 °C;

— to investigate the influence of “Magnetofood” food additive on the microbiological
indicators of the test samples of fresh made and chilled beef mince after storage for 24
hours at 5 °C =1 °C;

— to investigate the influence of ‘“Magnetofood” food additive on the structural and
mechanical properties of the experimental samples of fresh made beef mince;

— to establish a rational mass fraction of “Magnetofood” food additive in the
experimental samples of the beef mince.

Materials and methods
Materials

Object of research: the effect of the food additive based on Fe;O, nanopowder
(“Magnetofood”) on the heat treatment losses; the functional and technological
(emulsifying, water-binding, water-retention and fat-containing capacities, the stability of
beef mince emulsion) and the structural-mechanical (ultimate shear stress, stickiness), and
the properties; the sensory and microbiological (the level of total microbial contamination —
NMAFAnM, the number of bacteria of the coliform bacterium group — BCBG, bacteria of
the genus Salmonella and L. Monocytogenes) the indicators of beef minced meat.

Research subjects:

— sample 1 control is beef mince. For its preparation the meat was taken: prime beef or
the first quality. After cleansing and degreasing, the beef was ground on a meat
grinder with a diameter of the openings of the output grating of 3 — 4 mm. Then the
sample was thoroughly mixed with salt and spices and held for 10 minutes;

— sample 2 is beef mince which was prepared as in sample 1. Only a mixture of the
spices, salt and nutrient additive based on Fe;04 nanopowders (“Magnetofood”) was
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added to the crushed beef (the amount of the additive was 0,05% relative to the meat
raw mass). Then the sample was thoroughly mixed and held for 10 minutes;

— sample 3 is beef mince which was prepared like sample 1. Only a mixture of spices,
salt and food additive based on Fe;04 nanopowder (“Magnetofood”) was added to
the crushed beef (the amount of additive was 0,10% relative to the meat raw mass).
Then the sample was thoroughly mixed and kept for 10 minutes.

— sample 4 is beef mince which was prepared like sample 1. Only a mixture of spices,
salt and food additive based on Fe;04 nanopowder (“Magnetofood”) was added to
the crushed beef (the amount of additive was 0,15% relative to the meat raw mass).
Then the sample was thoroughly mixed and kept for 10 minutes.

All samples were stored in a vacuum package at a temperature of (5+1) °C for 24
hours, the heat losses were investigated; their emulsifying, water-binding, water-retention
and fat-containing capacities; emulsion stability; the rheological characteristics (shear
stress, stickiness) are the microbiological (the level of total microbial contamination is
NMAFAnM, the number of bacteria of the coliform bacterium group — BCBG, bacteria of
the genus Salmonella and L. Monocytogenes) and the sensoryal indicators (appearance,
sectional view, consistency, odor and taste).

Food additive based on iron oxides (“Magnetofood”) [Patent UA No. 126502 Food
additive “Magnetofood”, 2018, Bul. No. 12, 4 p., Ukrainian Engineering Pedagogical
Academy, Kharkov, Ukraine], which is a scientific development of the authors of this
research paper. “Magnetofood” is a highly dispersed nanopowder of brown or black color
with a particle size 78 nm. According to the chemical composition of “Magnetofood” is a
double ferrous oxide (FeO - Fe,O; or Fe;0,) obtained by the method of the chemical co-
precipitation from aqueous solutions of salts of two- and trivalent ferrum in the alkaline
medium.

Methods

In the researches the mince recipe for beef steak was chosen as the basic formula [48].

In the process of performing experimental work the research methods were used which
are given in [40, 49, 51].

The heat treatment of the experimental samples of the minced meat was carried out by
the frying method in the main way at a frying surface temperature of 150-160°C till the
temperature of culinary readiness in the center of the product is reached (85 £ 1) °C.

Losses determination during the heat treatment and sensory parameters of the
experimental samples of beef mince

In the inal meat solid products it was researched the finished product yield (FPY) and
heat treatment losses (HTL) which was determined as the difference in the case of the
initial semi-finished product and the finished product in accordance with the methods [49,
51].

Sensory estimation of the minced meat quality and products made from them was
carried out on a 9-point scale in accordance with [40, 49, 50]. To estimate of the minced
meat quality from beef and made of meat split products according to sensory indicators, the
study samples were taken from the different places of the stuffing mass depending on the
volume and from 3 to 7. The appearance of minced meat semi-finished products was
determined visually raw and fried. The quality of beef (grinding degree, equability mixing,
texture) was determined visually. The smell and taste of minced meat and split meat semi-
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finished products, as well as fried products made from them, were determined
organoleptically at the cut. Moreover, the appearance and smell of the fried products was
determined sensory in the hot condition (the product temperature is not lower than 65 °C)
and the taste after cooling the product to a temperature of 25-30 °C.

The degree of grinding and equability mixing of the minced meat and also the
correctness of split products heat treatment made from them were determined visually in
the hot products (the product temperature is not lower than 65 °C), for which each product
was cut into four parts (along and across through the middle).

Determination of functional and technological properties of the beef mince
prototypes

The water-holding capacity (WHC) was determined by using a butyrometer
according to the method [49]. The sample of minced meat portion weighing 4-5 g was
thoroughly crushed. The glass rod was uniformly applied to the inner surface of the milk
butyrometer which was punched with a stopper and placed narrowly into the water bath at a
boiling temperature for 15 min. After that the moisture mass was determined according to
the amount of division on the scale of the butyrometer. Water-holding capacity (WHC) of
the minced meat (%) was determined by the formula (1):

WHC = W — WHLC )
water-highlighting capacity (WHIC) of the minced meat (%) (2):
WHIC = a-m-n™"-100, Q)

W — is the total mass fraction of moisture in the weight,%;
a — is the price of dividing the butyrometer; a = 0,01 em™;
n — is the number of divisions on the zymometer scale;

m — is the sample weight, g

Fat-retaining capacity (FRC) was determined by using a butyrometer and
refractometer according to the method [49]. The MPC was preliminarily calculated and the
minced meat weight was found that remained in the oil with an accuracy of
+ 0,0001 g. The sample was placed in a tube and dried to a post mass at 150 °C for 1,5
hours. After drying, the sample weighing (2,0000 = 0,0002) g is placed in a porcelain
mortar, 2,5 g (1,6 cm®) of fine calcined sand and 6 g (4,3 cm®) o - monobromo-naphthalene
are added. The contents of the mortar were carefully ground for 4 minutes and filtered
through the folded paper filter.

The investigated solution (3—4 drops) was evenly applied to the lower prism of the
refractometer with a glass rod. The prism was closed by fastening the screw. The beam of
light was directed with the help of a mirror on the prism of the refractometer, setting the
sight tube so that the borders of the intersecting fields (aliada) were clearly visible. Aliada
moved until the boundary between the illuminated and the dark fields did not coincide with
the intersection point of their limits, counting the index of refraction. At the same time the
refractive index of a-monobromonaphthalene was determined. Fat-retaining capacity of
forcemeat (FRC) (%) was determined by the formula (3):

FRC= g;-g," 100, (3)
where g; — is the fat mass fraction in the weight after the heat treatment, %;
2> — is the same one before the heat treatment, %.

The emulsifying capacity (EC) and the stability or the emulsion stability (ES) were
determined according to the procedure [49, 50]. A portion of ground beef by the weighing
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7 g is suspended in 100 cm® of the water in a homogenizer at a frequency of 66,6 s™' for 60
s. 100 cm® of the sunflower oil are added and the mixture is emulsified in a homogenizer at
a speed of 1500 s for 5 minutes. Then the emulsion is poured into 4 calibrated centrifugal
tubes with a volume of 50 cm® and centrifuged at 500 s™ for 10 minutes. It is determined
the volume of the emulsified oil. The emulsifying ability (EC) (%) was determined by the
formula (4):

EC=V,/V-100 4
where V| —is the volume of the emulsified oil, cm’;

V — is the total volume of oil, cm”.

The emulsion stability (ES) was determined by the heating at a temperature of 80 °C
for 30 minutes. and the cooling water for 15 minutes. Then emulsion was filled with 4
calibrated centrifuged tubes in a volume of 50 cm’ and centrifuged for 500 s for 5
minutes. It is determined the volume of the emulsified layer. The emulsion stability (ES)
(%) was determined by the formula (5):

ES =V1/V,:100 (5)
where V, — is the total volume of the emulsion, cm’

R.M. Salavatulina determined the WHC, FRC and the stability of the stuffing
emulsions (SE) in one weight [49, 51].

The minced meat samples by the weighing 180-200 g, were placed in the hermetically
sealed cans Ne 3, weighed and subjected to the heat treatment with the modes
corresponding to the production (cooking at temperatures of 78—80 °C for 1 hour, cooled in
the running water to a temperature of 12—15 °C).

The cans were opened the broth and the fat released were transferred into pre-weighted
cans. After removing the broth and fat, minced meat was blotted with filter paper and
weighed. Buks with broth were placed in a drying cabinet and dried to constant weight at a
temperature of 103—-105 °C. The mass fraction of moisture released during the heat
treatment of minced meat and the water-holding capacity of minced meat were determined.
From the cups with the rest of the broth and fat, the fat was extracted in 1015 cm® of
solvents, (a mixture of chloroform and ethanol in a 1: 2 ratio). The fat extraction was
carried out for 3 to 4 minutes from three to four replicates. Having established the mass
fraction of the fat remaining after the heat treatment of minced meat it was calculated the
grease capacity. The stability of the stuffing emulsion (% by weight of meat) was
determined by the formula (6).

SE = (m—my;/m)-100, or SE = my/m*100, (6)

where m = my —my;

Mp; = M — My,

m — mass of minced meat, g;

my,; —mass of broth with highlighted fats, g;

my, — mass of the bunch of the minced meat after the heat treatment, g;

my, — mass of tight cans with fork stuffed, g;

m,— the weight of cans, g

WHC of the minced meat (% to the weight of minced meat) was determined by the
formula (7):

WHC = ((W — mbl.mb) / mbz.m) : 100, (7)
where W — the mass fraction of moisture in the minced meat, %;
my, — the mass in the investigated broth, g;
my,; — the mass of the broth investigated with fat, g.
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FRC of the minced meat (% to the weight of minced meat) was determined by the
formula (8):
FRC = Ff_ Meg1- Mp, ; M- M, (8)
where F;— the fat mass fraction in the minced meat, %;
my, — the fat body mass in the investigated broth, g.

Determination of microbiological parameters and structural and mechanical
properties of test samples of beef minced meat

The list of the microbiological indicators used to control the quality of minced meat
was established following the requirements: the number of mesophilic aerobic and
facultative anaerobic microorganisms (NMAFAnM, KUO/g); the presence of bacteria in
the group of coliform bacterium (BGCB (coliform), in 0,001 g); detection of the golden
staphylococci, protein and other pathogenic microorganisms (pathogenic microorganisms
including bacteria of the genus Salmonella, in 25 g) [40, 44, 45].

With the structural-mechanical (rheological) properties of the minced meat the
degree of penetration (h) and ultimate shear stress (6y) on a conical plastomer were
determined using a conical identifier [49].

The experimental sample of the beef minced cooking is made of the appropriate
consistency and placed in the device cuvette. Align the surface of the experimental sample
with the metal ruler so that the minced meat in the cuvette is level with its edges. A cuvette
with a prototype set on the table of the instrument and raised up to the touch of the surface
with the edge of the cone. Press the start button, turn on the stopwatch and holding the bar
at a slight pace lower the cone. As the immersion cone like minced meat fixes the depth of
immersion of the corrugated cone through the indicator every minute. Dipping ends in 3-5
minutes as at the end of this time the cone drops to a slight depth which can be practically
neglected. The immersion drainage from 180 to 300 s corresponds to the largest period of
relaxation of meaty minced meat from the beef used for research.

Fix the magnitude of the angle 2a at the vertex of the cone and the cone constant C
(m/kg), the total mass of my, (kg) of the rod, the mass of the cone (m;,g) and the mass of the
additional load (m,q) by its presence. It is known that the depth of the immersion of a
conical ident (hy,q) is equal to the degree of penetration (h) and is a function of the total
mass, that is, according to the formula (9):

h = hipg= (M), ©)
where hj,g— depth of immersion of a conical ident, mm;
h — degree of penetration of the prototype, mm;
my,— total weight of the bar of the cone plastomer, kg
Hence, the estimated value of the mass of goods was determined by the formula (10):
Myt = Mg + Ming, (10)
where my, — is the total weight of the bar of the tapered plastomer, kg;
m,q — is the mass of additional load, kg
mj,q — mass of cone identor, kg.

For each sample, the boundary shear stress 0 (Pa) was calculated for a fixed immersion

duration (h) by the formula (11):
0 = Km/hy= K - myo— mypq, h*, (11)
where m; — is the total weight of the bar of the tapered plastomer, kg;
m — the weight of the experimental sample, kg;
minq— the mass of conical identer, kg;
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C — the constants of the cone of the ident;
h — the depth of immersion of a conical ident, mm.
The arithmetic mean of the marginal shear stress (0) for each of the variants (01) of the
experimental sample (i) was determined by the formula (12):
0=%0;/i, (12)

where 0— is the arithmetic mean value of the marginal strain of displacement, Pa;

0; — is the strain of the displacement of the experimental sample of minced beef, Pa

i — the number of samples of the beef minced samples.

The liposynthesis (p,) was investigated on Sokolov-Bolshakov device which was based
on the determination effort amount required to separate the two surfaces of the bound
(bonded) minced meat that is being investigated. Adhesion or adhesion (Pa) was calculated
as the specific force of the normal separation of the plate from the prototype minced meat
from the beef by the formula (13):

po=Fo/S,=9,81-m/F, (13)
where F,— is the separation force, N;
S, — the geometric area of the plate, m’;
m — the weight of the load, kg.

Results and discussion

Table 1 and Figure 1 show the of the heat treatment losses and sensory evaluation data
of the cooled experimental samples of the beef minced meat.

Table 1
The losses results due to the heat treatment and the sensory parameters of the experimental
samples of the cooled minced beef
(on a 9 — point scale)

Name of the indicator The experimental samples of the minced beef
Sample 1 Sample 2 Sample 3 Sample 4

The heat treatment losses % 20,6 18,0 17,5 17,4
Appearance 8,0+0,2 9,0+0,2 9,0+0,2 9,0+0,2
Appearance in the sections 8,0+0,2 9,0+0,2 9,0+0,2 8,0+0,2
Consistence 7,0£0,2 8,0+0,2 9,0+0,2 9,0+0,2
Scent and taste 8,0+0,2 9,0+0,2 9,0+0,2 9,0+0,2

Averaged scoring value 7,8+0,2 8,8+0,2 9,0+0,2 8,8+0,2

The analysis of the experimental data in the Table 1 shows that when introducing a
food additive based on Fe;O, nanopowders (“Magnetofood”) in the experimental samples
of the cooled minced beef the losses amount in their heat treatment is reduced with the
increase in Fe;O4 content by 14,4—18,4%.

The data given in Table 1 and Figure 1 indicate a positive effect of the adding Fe;0,
nanopowders to meat stuffing systems. The sensory parameters of the experimental samples
of the cooled minced beef enriched with a food additive based on Fe;O4 nanopowder
(“Magnetofood”) are improved. The average scoring value for the sensory parameters
increases by 1,0—1,2 points in comparison with the control.
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Figure 1. Sensory indicatory quality of the experimental samples of
cooled minced beef

The introduction of a nutritional supplement based on Fe;O; nanopowder
(“Magnetofood”) and its ability to the electrostatic and coordination interaction with
proteins of meat forages systems leads to the changes in the moisture content of the
experimental samples and the water-retaining capacity of minced meat and consequently
changes in the heat treatment losses whose the value decreases with increasing Fe;O,
content [29]. The optimum mass fraction of Fe;O, additives which provides the best
sensory characteristics of meat sausages and less heat treatment losses is 0,10 %.

The water-holding (WHC) and fat-retaining (FRC) capacity causes the product
properties to store in it the prescribed amount of moisture and fat in the cooking process.
Therefore, these characteristics are the main functional and technological properties of the
meat forages systems. In the heat treatment process of the meat cut trunks and the physical
and chemical changes of the ingredient composition occur. The part of moisture and fat are
separated in the form of bouillon-fatty flushes which shows the result in the mass loss. As
part of the finished product the moisture and fat retained and the amount determines the
moisture and fat-retaining capacity of minced meat [28].

Table 2 presents the main functional and technological properties of the experimental
samples of beef minced meat: WHC and FRC and the emulsifying capacity (EC), emulsion
stability (ES) when adding the additive based on Fe;O, nanopowder (“Magnetofood”)
compared to control.

In the experimental samples of freshly prepared beef minced there is a gradual increase
in WHC, FRC, EC, ES with an increase in Fe;O, mass fraction in comparison with the
control sample: WHC is increased by 1,1-2,0%; FRC by 1,2-2,6%; EC by 1,3-2,0%; ES
by 1,4-2,1%.

The similar dynamics changes in these indices and in the experimental samples of
cooled minced meat in 24 hours of their storage at 6 °C £ 1 °C only in all cases their value
is lower by 1,3%—2,0% compared to freshly prepared beef minced meat. The best result is
obtained with Fe;04 mass fraction of 0,10%. Further increase of Fe;0, to 0,15% practically
does not affect the indicators change.
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Table 2
Functional and technological properties of freshly prepared and the cooled beef minced meat
after storage with the addition of a nutritional additive based on Fe;O4 nanopowder
(“Magnetofood”) in comparison with the control sample

The experimental samples

Name of the indicators Samplel Sample2 Sample 3 | Sample 4

freshly prepared beef
WHC, minced meat 76,3+0,9 77,2+0,9 77,6+£0,9 | 77,7+0,9
o -
% in 24 hours of the 753+0,9 | 76,7£0,9 | 77,120,9 | 77,2+0,9
storage at 6+1 °C
freshly prepared beef

! 72,1+0,7 73,3+0,8 73,8+0,9 73,9+0,8
minced meat

FRC,% -
in 24 hours of tgle 71,620,7 72,7+0,8 72,9+0,9 | 73,0+0,8
storage at 61 °C
freshly prepared beef 78.240.9 79,2+0,9 79,5+0,9 79,8+0,9
EC.% . minced meat
in 24 hours of the 77,2409 | 77.940,9 | 783+0,9 | 78,4+0,9
storage at 61 °C
freshly prepared beef 80,2:40.8 81,3+0,8 81,6+0,9 81,7+0,8
ES.% minced meat

in 24 hours of the

storage at 621 °C 79,2+0,8 79,9+0,8 80,2+0,9 80,3+0,8

The surface-active, sorption, complexing properties of the ionized nanoparticles of a
food additive based on Fe;O, nanopowder (“Magnetofood”), its catalytic activity, heat
treatment stability, bio-affinity of the main component of “Magnetofood” — Fe;0,
nanoparticles with a lot of proteins determine the emulsifying, wetting, wet and fat-
retaining capacity of “Magnetofood” [39]. Therefore, the introduction of the additive
“Magnetofood” to meat minced meat increases the level of moisture and fat content and the
formation of stable emulsions, in particular, with the lipid and protein components of meat
sausage systems.

On the sanitary well-being of meat minced meat enriched with a food additive based on
Fe;04 nanopowder (“Magnetofood”) were judged by the microbiological parameters in
accordance with [40, 44, 45]. The microbiological characteristics of freshly prepared (*)
and cooled beef minced meat (**) were researched after storage at a temperature of — 5 °C
+ 1 °C for 24 hours. The data obtained are presented in Table 3.

It can be seen from Table 3, the level of general microbial contamination of both
freshly prepared minced meat and those stored for 24 hours at a temperature of — 5 °C £ 1
°C did not exceed the permissible levels and was: after the end of the technological process
and cooling 5,0 x 10 CFU/g — in all prototypes; and after 24 hours of storage — 6,2 x 10°
CFU/g in the control and (5,1-5,8) x 10° CFU/g in the samples enriched with Fe;O, thate
is, on 6,5-19,6% less than in the control sample. In this case in all experimental samples
bacteria of the group of intestinal sticks (BGIS) in 0,001 g, bacteria of the genus Salmonella
and L. Monocytogenes were not detected in 25 g.
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Table 3
Microbiological characteristics of the fresh and cooled beef minced meat with the addition of a
food additives on the basis of the Fe;O4 nanopowder (“Magnetofood”) compared to the control

The (NMAFAnM, BGIS, Salmonella, L. Monocyto-
experiment CFU/g) in 0,001 g in25g genes, in 25 g
al samples
*Sample 1 5,0x10" missing in 0,001 g | missingin25¢g | missingin25g

**Sample 1 6,2x10° missing in 0,001 g | missingin25¢g | missingin25g
* Sample 2 5,0x10" missing in0,001 g | missingin25¢g | missingin25g
** Sample 2 5,.8x10° missing in 0,001 g | missingin25¢g | missingin25g
* Sample 3 5,0x10" missing in 0,001 g | missingin25¢g | missingin25g
** Sample 3 52x10° missing in 0,001 g | missingin25¢g | missingin25g
* Sample 4 5,0x10" missing in 0,001 g | missingin25g | missingin25g
** Sample 4 5,1x10° missing in 0,001 g | missingin25¢g | missingin25g
Standard 1x10° not allowed not allowed not allowed

Note. * — fresh beef minced meat
** — cooled beef minced meat

Reducing of the total microbial contamination in the cooled meat minced meat
indicates the bacteriostatic effect on the food additive based on Fe;O, nanopowder
(“Magnetofood). The obtained data also indicates that the meat minced from the beef
enriched with “Magnetofood” when stored in a refrigerated state for 24 hours, complied
with the requirements of the microbiological standards established for this type of product
[40, 44, 45].

The most complete picture of some essential aspects of the quality of meat stuffings is
the physical properties that depend on the biological and chemical composition
(formulation) and the internal structure (product structure). Minor changes in these defining
characteristics should cause the significant changes in the properties values that are
registered by devices. At the same time the characteristics of the meat raw materials
determine the main indicators of finished products. One of the groups of such indicators
include structural — mechanical (rheological) properties.

Table 4 shows the results of determining the depth of immersion and (or the degree of
penetration), h and the marginal displacement stress, 0°.

From the experimental data of Table 4 it follows that with the increase in the angle of
the cone, the marginal shear stress (0°) decreases for all experimental samples of the minced
meat. At the same time 6° in the experimental sample of 3 meat minced with a food additive
based on Fe;04 nanopowders (“Magnetofood”) in the optimum amount of 0,10 % by the
meat weight is less than 26 % on average than in the control sample minced without Fe;O,.
This indicates a softer and tender consistency of the beef minced with the addition of a
nutritional supplement based on Fe;O,nanopowders.

When forming a monolithic structure of the crushed meat the index of stickiness or
adhesion (Ro) is the great importance [25, 28]. The research of stickiness for example, the
sausage minced allows you to determine the optimal time of rubbing. Similarly in the state
of the meat surface it is possible with a certain plausibility to assess its water-holding
capacity. Stickiness is associated with other phenomena and products properties: adhesion,
cohesion, viscosity and surface friction [48, 51].
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Table 4
Structural — mechanical properties of the beef minced meat with the addition of the food
additive based on Fe;O4 nanopowder (“Magnetofood”) compared with the control.

The | Load Depth of Average Tensile displacement of the
angle of| F, H immersion depth experimental samples of the beef
the cone h, mm diving minced meat 6, Pa

a, deg. h ;. mm “A”/ “B”
Sample | Sample Cu | Ca | Ca | Cu | Cus
1 or 3 or “A” “B”
“A” “B”
1| 0,25 4,65 4,25
so [T 3| a0 o faao] 122 | 20| 12| 13 | 12
31 0,25 4,75 4,30 ’ ’ ’ ’ ’
1| 0,15 4,20 3,25
o0 [2 1005 [ 415 7320 | aus 320 o5 | B | 05| eS| B
31 0,15 4,25 3,15 ’ ’ ’ ’ ’
1| 0,50 12,90 9,65
21050 1285 [o00 11285 {9.70) 150 | igs | 00 | 104 | 103
31 0,50 12,80 9,75 ’ ’ ' ’ ’

*Note. ** — thin core; sample 1 or “A” is the control sample of the beef minced (without
“Magnetofood”); sample 3 or “B” is the sample of the beef minced with the addition of a rational
quantity of “Magnetofood”— 0,10%; C, is the value of the constant of the cone for the different angles
of the cone (30°/60°%): (Cy = 1,110 0,415 — P. A. Rebinder; C,, = 0,959/0,214 — M. M. Agranat, M. F.
Shirokov; Cy; = 0,456/0,164 — V.O. Aret, O.N. Pirogov, C,4 = 0,663/0,213 — A. V. Gorbatov, V. D.
Kosoy.; Cys=0,976/0,210 — V. D. Karpichev, V.D. Kosoy.

The results of the research of stickiness content of the beef minced meat with the
addition of a nutritional additive based on Fe;O, nanopowders (“Magnetofood”) as
compared to the control are given in Table 5 and Figure 3.

Table 5
The stickiness of the beef mince with the addition of a dietary additive based on Fe;O4
nanopowder (“Magnetofood”) compared with the control

Che experimental sampley Contact pressure, | Stickiness,
of the beef mince R, x 10*, H/M* | R, x 10%, Pa
Samplel-control 0,80 0,60
Sample 2 0,86 0,75
Sample 3 0,92 0,80
Sample 4 1,29 0,85

The analysis of data in Table 5 and Figure 2 shows that the use of beef minced meat on
the basis of Fe;04 nanopowder by helping to increase the stickiness content of meat minced
meat at (0,15-0,25)x10™ Pa. Moreover with the increase in the mass fraction of the additive
on the basis of Fe;0, nanopowder (“Magnetofood”) the stickiness of the meat mints
increases in 1,16—1,42 times compared with the control sample.
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Figure 2. The influence of nutritional additive based on Fe;O4 nanopowder (“Magnetofood”) on
the stickliness of the experimental samples of the beef minced meat

This is probably due to the intracellular enzymes activation as a result of the interaction
of the ionogenic groups of their proteins with polarized Fe;O4 nanoparticles and the
formation of the “biopolymer matrix of the enzyme — the nanoparticle of the magnetofoot
(Fe;04)” [38, 39].

The complex of the structural and mechanical indicators of the crushed raw material is
the information that objectively characterizes the consistency features and is in the close
correlation with the specific sensory perception of the latter in the process of disintegration
and plasticization of the product in the oral cavity.

The results of research of the nutritional supplement influence on the basis of Fe;O,
nanopowder (“Magnetofood”) on the ultrasound WHC, FRC, EC, ES and on the stickliness
of the beef minced meat indicate that the effective action of Fe;0, additive nanoparticles is
based on the technological characteristics of the meat filling systems.

The investigated technological properties of the beef minced meat make it possible to
consider the rational mass fraction of a food additive on the basis of Fe;04 nanopowder
(“Magnetofood”) of 0,10 % to the meat mass.

Conclusion

The results of the sensory analysis of beef minced meat with the addition of the food
additive based on Fe;O4 nanopowder (“Magnetofood”) showed the improvement in the
sensory characteristics of the experimental samples of the beef minced meat — the average
score for sensory indicators increased by 1,0—1,2 points compared to the control.

The losses reduction during the heat treatment of chilled minced meat with addition of
0,05 — 0,15% Fe;04 by 14,4-18,4% was established due to the ability of Fe;O,
nanoparticles to the electrostatic and coordination interaction with proteins of the minced
meat systems [29, 39, 40]. This leads to a change in the moisture content in the
experimental samples of the beef minced meat for the increasing in the water-holding
capacity of minced meat and better distribution and content of H,O and, as a result, a
decrease in losses during the heat treatment.
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It is proved that the addition of 0,05-0,15% to the food additive on the basis of the
Fe;O4 nanopowder (“Magnetofood”) has a positive effect on the functional and
technological properties of minced beef. In particular, in the experimental samples of the
fresh minced meat there is a gradual increase in all functional and technological indicators
with an increase in the mass fraction of Fe;O4 compared to the control: the WHC increases
by 1,1% —2,0%; FRC — 1,2-2,6%; EC — 1,3-2,0%; ES — 1,4-2,1%.

Similar dynamics and in the experimental models of the chilled beef from beef after 24
hours of storage at 5°C 1 °C only in all cases of their value dropped by 1,3% to 2,0%
compared to freshly prepared minced meat.

This is probably due to the surface-active sorption, the complex-forming properties of
ionized nanoparticles of the food additive “Magnetofood”, as well as its affinity with
protein molecules [39, 40]. Therefore, the introduction of the food additive based on Fe;O,
nanopowder (“Magnetofood”) to the minced meat increases the level of moisture and fat
and the formation of the stable minced emulsions, in particular, with the lipid and protein
components of minced meat systems.

The microbiological characterization of prototypes of the chilled beef from beef
showed that the introduction of food additives on the basis of the Fe;O, nanopowder
(“Magnetofood”) in the amount of 0,05-0,15% by weight of the meat after 24 hours storage
reduces the level of total microbial contamination from 6,2 x 10° CFU/g in control to (5,1 —
5,8) x 10° CFU/g in the samples enriched “Magnetofood”, that is, 6,5-19,6%.

The positive influence of the dietary additives on the basis of Fe;O, nanopowder
(“Magnetofood”) on the structural and mechanical properties of the minced meat from beef:

1) the shear stress reduction limit to 26% compared to the control sample, i.c. the beef
minced meat with the introduction of the food additive Fe;O, has a softer and gentler
consistency than the control;

2) the stickiness increasing of the minced meat by (0,15-0,25)x10* PA. Moreover,
with the mass fraction increase of Fe;O4 nanopowder (“Magnetofood”) stickiness of the
minced meat increased 1,16—1,42% compared to control.

This is probably connected with the activation of intracellular enzymes due to their
interactions of ionogenic groups of the components of the minced meat with the polarized
nanoparticlesof the food additives on the basis of the Fe;0, nanoparticles (“Magnetofood”)
and the formation of complexes “boolen matrix enzyme — Fe;O4 nanoparticles” [38, 39].

The rational mass fraction of food additives on the basis of Fe;O, nanopowders
(“Magnetofod”) is established, which provides the best complex of technological properties
of forage systems and the smallest losses in heat treatment, it is 0,10% to the mass of meat.
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Introduction. It was researched the chemical composition of
fenugreek hay leaves which is a source of biologically active
substances and used as spice-aromatic raw materials for the
confectionery products.

Materials and methods. The chemical composition of fenugreek
hay leaves were studied by ultra high-speed high performance liquid
chromatography, spectrophotometry and gas chromatography with
mass-selective detection. To investigate the composition of leaves
extract aglycones acidic hydrolysis was used. After hydrolysis
aglycones were extracted by ethylacetate and extracts were used for
chromatography. To identify component composition the
derivatization method was used.

Results and discussion. The presence of phenolic compounds,
phenolcarbonic acids, chlorophylls, trigonoline alkaloids, which have
a high antioxidant potential, was confirmed in the chemical
composition of fenugreek leaves. It is known that phenolic
compounds in plants are rarely found in the free state. Most of them
are presented in the form of various O- and C-glycosides. The
diversity of flavonoid glycosides is due to a significant amount of
sugars and the different positions of their attachment to the
aglycones, as well as the fact that sugars may have different
configurations of glycosidic bonds.

It was identified the luksosa, beta-dl-arabinopyranose, sucrose,
raffinose, glycerol, xylitol in the fenugreek leaves extracts. The
presence of amino acids such as L-alanine, L-valine, L-proline, L-
threonine had been proved in these leaves. The oxyacetic, succinic,
2,3-dioxypropanoic, 2,3,4- threehydroxybutyric acids and fatty
palmitic and alpha-linolenic acids were also identified in the leaves
extracts.

Fenugreek essential oil contains: hexadecene, eicozanol, ethyl
palmitate, ethylinoleate, beta-hydroxy-butyric,beta-aminoizobutyric,
hydroxybutanedicarbonic, 1,2,3-propanethreecarbonic acids; ethyl
esters of linoleic, levulinic, palmitic, ethylpalmitic, citric acids,
which are likely to form a flavor of spicy-aromatic raw materials.

Conclusions. The presence of phenolic compounds, essential
nutrients, aromatics in the fenugreek leaves should increase the shelf
life, the nutritional value, improve the sensory properties of
confectionery.
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Introduction

Food manufacturers, in particular confectionery products, are increasingly using spice-
aromatic plant raw materials as a source of biologically active substances (BAS). Essential
oils, tannins and phenol substances play an important role in the formation of the flavor,
promote the increase of the product shelf life. Besides, bioactive substances of medicinal
plant can prevent cardiovascular diseases, carcinogenesis, inflammation, atherosclerosis
and other human deseases [1, 2].

Leafy vegetable Fenugreek (Trigonella foenum-graecum) has been used as an effective
medicinal plant as well as a fodder plant. Leaves of fenugreek hay have the aroma and
antioxidant properties and pleasant taste [3-6]. It was shown that the green leaf of
Trigonella foenum-graecum influenced the cholesterol balancing, sugar—level, skin
inflammation (wounds, rashes, boils), treating arthritis, asthma, sore throat [9]. It was
suggested that phytoconstituents such as flavonoids, alkaloids, terpenoids, steroids,
saponins, anthocyanin, tannin and other were involved in this effect.

Fenugreek is an annual spice-aromatic plant, belongs to the legumes family. Seeds and
leaves of plants contain many antiseptic, antioxidant and anti-inflammatory substances,
such as apigenin, genistein, campeferol, quercetin, rutin, selenium, trihonellin alkaloid,
iodine and are using in the food industry [7, 8]. The foliage contain a large amount of
bioactive substances: vitamins A, C, B1, B2, B9 (folic acid), nicotinic acid (vitamin PP),
rutin, tannins, food fibers, macro and microelements — iron, potassium, phosphorus,
magnesium , calcium etc. [10-14].

Phenolic compounds present in plants are rarely found in a free state. Most of them are
presented in the form of various O- and C-glycosides. The variety of flavonoid glycosides
is due to a significant amount of sugars (glucose, arabinose, xylose, etc.) and the their
ability to attach to the position of aglycones, as well as sugars can have different
configurations of glycoside bonds. To the best of our knowledge, there were not sufficient
data on the composition of carbohydrates, amino acids, fatty acids, aromatic substances of
fenugreek hay leaves in the scientific literature, and this substantiates the actuality of the
present work.

Consequently, the identification and quantification of phenolic compounds in plant
material requires complex researches.

The purpose of this work was to study the chemical composition of the leaves of
fenugreek hay, the possibility of its use in the production of a new range of flour
confectionery products with high fat content, in particular, crackers and puffy cookies, as a
natural antioxidant and a flavoring additive. The presence of antioxidants in the formulation
of foods with fat content is very important because they can inhibit the rate of fat oxidation
[15]. To determine the classes of organic substances of fenugreek leaves the high-
performance liquid chromatography was used.

Materials and methods

The samples of fenugreek (Trigonella foenum-graecum) leaves have been received
from M.M. Grishko National Botanical Garden of National Academy of Sciences of
Ukraine.
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Ethanol extract obtaining

2.5 g of dry crushed leaf was putted to a 100 ml flask, 60 ml of 96% ecthanol was
added, reversed condenser was attached and flask was heating in a boiling water bath for
90 min. After that, the water bath was cooled, the fridge was washed with 5 ml of ethyl
alcohol, and the content of the flask was filtered into a 100 ml measuring flask. Then
procedure was repeated with 35 ml of ethanol. The final volume of ethanol extract was
adjusted to 100 ml.

Obtaining of hydrolyzed extracts

0.4 g of dry crushed leaves were transferred to a 100 ml flask attached by a reversed
condenser, 20 ml of ethyl alcohol, 20 ml of distilled water and 10 ml of concentrated
hydrochloric acid were added. After attaching the flask to the reversed condenser the
mixture was heated for 90 minutes in a boiling water bath. After that, the condenser was
washed with 20 ml of distilled water and flask was cooled. The content of the flask was
transferred to a 100 ml separate funnel through a paper filter, 25 g of sodium chloride was
added and mixed thoroughly. The organic compounds were extracted with 30 ml of ethyl
acetate, the procedure was carried out in two consequent repetitions. After extracts drying
with anhydrous sodium sulfate, the ethyl acetate was evaporated by vacuum. After
evaporation the residue was dissolved in 50 ml of ethanol.

Ultra high-speed high performance liquid chromatography

Ultra high-speed high performance liquid chromatography of leave extracts was carried
out using HPLC (WATERS (USA), column ACQUITY UPLC®BEHC g, 1,7 pum, 50x2,1
mm) with diode-matrix detection (PDA) and gradient changing of the mobile phase
(acetonitrile-water) composition.

Organic substances with hydrogen mobile atoms in plants are present in conjugated
form and to investigate their composition in forms of aglycones acidic hydrolysis was used.
After hydrolysis aglycones were extracted by ethylacetate and extracts were used for
chromatography. Composition of remaining ethanol extracts after removal of ethanol were
also analyzed [10].

Spectrophotometric analysis

Spectrophotometric analysis of leave extracts was performed on the spectrophotometer
Specord 210 Plus (Germany) [16].

Gas chromatography with mass-selective detection

To identify component composition of the extracts, the derivatization method was
used, which allows to increase the molecular weight of the initial substances. N-methyl-N-
trimethylsilyl-trifluoroacetamide (TMS) reagent was used for derivatization.

For TMS derivatives obtaining 5 ml of ethanol extract was putted into vial and ethyl
alcohol was removed by evaporation at 78° C. 300 pg of anhydrous pyridine and 100 pg of
TMS reagent were added to the dry residue. Vial was sealed and placed in UZB for 30
minutes. After this, 1 ml of acetonitrite was added to the vial, mixed and obtained mixture
of derivatives were analyzed on chromatograph Agilent GC/MSD 7890A/5975C with
capillary column HP-5MS [13].
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Results and discussion

According to electronic absorption spectrum of the samples the phenolic acids
(absorption at 326 nm), aromatic compounds (absorption in the range 350-600 nm),
chlorophylls (667 nm) were presented in initial leaf extracts of fenugreek (Figure 1).

Displacement of the maxima to the ultraviolet region with an increase of the pH of the
solution (Figure 1, 2) indicates the destruction of the intramolecular hydrogen bond under
pH increasing.
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Figure 1. Electronic absorption spectrum of initial leaf extract (1-pH=6,5; 2-pH=11,8)

Ultra high-speed high performance liquid chromatography (UHPLC) of initial leave
extracts (Figure 2a and 2b) have demonstrated presence of phenol carboxylic acids
(retention time 4.52, 5.59, 6.46 min), catechins (retention time 5.24, 5.45 min) and alkaloid
trihonellin (retention time 6.29 min). Eight different substances were identified by this
analysis with spectrophotometrical detection at 325.0 and 350 nm (Table 1).

Table 1
Content of substances in initial leaf extract according to Figure 2 a, b
Retention time, % from the total Retention time, % from the total
min content min content
PDA 325.0 nm PDA 350.0 nm
0,983 7,7 5,241 4,8
4,520 54,9 5,454 17,3
6,461 37,5 5,585 47,0
- - 5,830 18,0
- - 6,292 13,0
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Figure 2a. Chromatogram of initial leaf extract (PDA 325.0 nm).
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Figure 2b. Chromatogram of initial leaf extract (PDA 350.0 nm).

The distribution of peaks and their absolute intensity on the sample electronic
absorption spectrum after acid hydrolysis were similar to the original spectrum (Figure 3).
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Figure 3. Electronic absorption spectrum of ethylacetate extracts after hydrolysis of leaf
extracts (1-pH=6,5; 2-pH=11,8)
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Analysis of this extracts by HPLC had shown that catechins were destructed under acid
hydrolysis of initial leaf extract (Figure 4). Trihonellin was absent in ethylacetate extracts
of hydrolyzed initial leaf extracts. The number of new substances were detected after acid
hydrolysis, absorbtion peaks of which are close to phenolic acids. Ratio of detected
components are presented in Table 2.
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Figure 4. Chromatogramm of ethylacetate extracts after hydrolysis of leaf extracts (PDA 350)

Table 2
Ratio of components ethylacetate extracts after hydrolysis of leaf extracts (PDA 350.0 nm)

Ne Retention time, min % from the total
content

1 3,206 14,84

2 4,353 6,65

3 4,668 1,30

4 4,930 36,90

5 6,859 25,02

6 7,615 5,66

7 8,078 9,63

Using of mass-chromatography for analysis of initial leaf extracts gave possibility to
detect number of aliphatic substances mainly hexadecen, linolenic acid and eycosanol
(Figure 5).

The mass-chromatogramm of ethylacetate extracts after hydrolysis of leave extracts
presented in Figure 6 have demostrated that after acid hydrolysis, a number of compounds
appeared: ethyl esters of levulinic acid, ethyl palmitate, ethylinoleate.

The mass-chromatography of ethylacetate extracts after hydrolysis has detected the
carbonic acid esters, that are probably the constituent of essential oil of fenugreek. They are
the ethyl esters of levulinic acid, ethyl esters of citric acid, 1,2,3-propanetricarboxylic acid
ethyl esters, ethyl esters of palmitic, linoleic, beta-hydroxy-butyric and citric acid.
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Figure 5. Mass-chromatogramm of initial fenugreek leaf extracts
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Figure 6. Mass-chromatogramm of ethylacetate extracts after hydrolysis of fenugreek leaf
extracts

To identify component with low molecular weight derivatization method was used and
amino acids L-alanine, L-valine, L-proline, L-threonine, a number of carbohydrates, mainly
lyksosa, B-dl-arabinopyranose, sucrose and raffinnose were detected in initial fenugreek
leaf extracts (Figure7). The oxoacetic acid, succinic acid, 2,3-dioxypropane acid, 2,3,4 —
trihydroxybutyric acid, palmitic acid, a-linolenic acid, as well as glycerol and xylitol were
identified in these extracts after derivatization.
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Figure 7. Mass-chromatogramm of TMS derivates of initial ethanol extracts of
fenugreek leaf

The TMS derivates of constituents of fenugreek leaf extracts were obtained also after
acidic hydrolysis. Mass-chromatogramm of TMS derivates of fenugreek leaf extracts after
acidic hydrolysis have demonstrated presence of P-hydroxybutyric acid, beta-
aminoisobutyric acid, hydroxybutanedicarboxylic acid, citric acid, ethyl ester of palmitic
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and linoleic acid (Figure 8). The intense (2,499 min) peak is due to the interaction of the
destruction product of the reagent (methylamine) with the reagent.

Therefore, using wultra high-speed high performance liquid chromatography,
spectrophotometry, gas chromatography with mass-selective detection it was shown the
presence of phenolic carboxylic acids, flavonoid compounds, trihonellin alkaloids, which
have a high antioxidant potential, the components of fenugreek essential oils, sugars, amino
acids and aromatic substances in fenugreek leaf.
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Figure 8. Mass-chromatogramm of TMS derivates of fenugreek leaf extracts after acidic
hydrolysis
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Conclusion

1. For the first time by application of spectrophotometry method with reference to
electronic absorption spectrum we were able to identify the phenolic acids (absorption at
326 nm), aromatic compounds (absorption in the range 350—600 nm), chlorophylls (667
nm) in initial leaf extracts of fenugreek.

2. By conducting analysis of this extracts by HPLC it was shown destruction of
catechins and absent of trihonellin in ethylacetate extracts. New identified substances
judging from absorption peaks are close to phenolic acids.

3. Mass-chromatography allowed us to recognize in fenugreek leaf extracts after acid
hydrolysis a number of compounds: ethyl esters of levulinic acid, ethyl palmitate,
ethylinoleate. However, alongside we found carbonic acid esters, that probably corresponds
as constituent of essential oil of fenugreek. In addition we found number of carbohydrates
and complex phenolic carboxylic acids, flavonoid compounds, trihonellin alkaloids, which
have a high antioxidant potential. It is recommended the using of fenugreek leaf as effective
source of antioxidants in production of the flour confectionery products, particularly of
crackers and puffy cookies.
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Introduction. This study was carried out to determine
changing in the ratio of free fatty acids and cholesterol depended
on the maturation period of Kars Graiver cheese produced in the
traditional way, and the affect of the duration of maturation on
the fatty acids composition and cholesterol levels.

Materials and methods. The fat content of the cheese samples
was determined by Gerber's method. Flame Ionization Detector—
Gas Chromatography (GC/FID) was used to determine the fatty
acids composition and cholesterol content.

Results and discussion. It was found the fat content of Kars
Gravyer Cheese samples was between 27.0-38.50%. The
cholesterol content in the cheese samples ranged from 45.70 to
55.80 mg/100g during 90 days of maturation. In Kars Gravyer
Cheese samples, 16 saturated and unsaturated fatty acids were
identified. In Gravyer Cheese samples, the content of volatile
fatty acids (Butyric acid and myristic acid ) increase up to 25th
day (P <0.01) and decrease from 45th day to 90th day. While
levels of free fatty acids (palmitic acid and linoleic acid)
generally decrease to 25th day, they begin increasing again until
the end of the maturation period. In the 90 days period of storage
of Kars Gravyer Cheese, palmitic, oleic, myristic and stearic
acids were found to constitute 74.29% of the total free fatty
acids content. In the samples studied, the most abundant
saturated fatty acids were identified as palmitic and stearic
acids. Oleic acid was found to be the most abundant unsaturated
fatty acid. In cheese samples, the content of monounsaturated
fatty acids (MUFA) and polyunsaturated fatty acids (PUFA)
ranged 28.38-32.37% and 1.59-1.84%, respectively. In Kars
Gravyer Cheese sample, the Atherogenicity (AI) index was
defined as 2.57-3.04.

Conclusion. Fatty acids are precursors of aroma compounds
like short and medium chain free fatty acids, ethyl ketones, esters
and thioesters, formed in cheese in a result of various
biochemical processes. The detection of large amounts of fatty
acids with short and medium chains in Gravyer Cheese samples
providing aroma, indicate that this cheese is flavorful cheese.
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Introduction

Today there are about 4000 different varieties of cheese in the world with different
aroma and textural properties [1]. The most important factors affecting cheese quality are
flavor and aroma of cheese, texture, and appearance. Unique characteristic properties of
cheese are formed by biochemical reactions such as glycolysis, proteolysis, and lipolysis
occurring during maturation. Free fatty acid (FFA), which emerges as a result of lipolysis
reaction, is effective on the flavor and aroma of cheese. FFA is an important, volatile
precursor of catabolic reactions, producing compounds that contribute to aroma [2]. The
presence of short, medium and long-chain fatty acids is considered the most important
indicator of cheese maturation after the compounds formed by glycolytic and proteolytic
reactions [3].

The amount of free fatty acids in dairy products has potential effects not only on the
taste and texture of dairy products but also on nutrition and health as antimicrobial agents.
Determination of fatty acid profile of cheese is also important in terms of these negativities
[4]. Cheese, which is an important source of fat in human nutrition, contains a high level of
various fatty acids. From a nutritional point of view, different types of cheese contain a
high level of digestible fat. Its digestibility is in the range of 88—-94% [5]. However, cheese
is usually presented with a negative nutritional image due to the relationship between
saturated fatty acids (SFA), the main fatty acids of cheese, and cholesterol, leading to
cardiovascular diseases. Although many researchers view SFA as one of the contributing
factors in heart disease, there has been no direct link between cardiovascular disease and
milk fat, or a real study indicating dairy products' role in heart disease [6]. Cheese is a rich
source of some trans-fatty acids and short-chain fatty acids that can be considered as part of
a healthy diet [7]. The World Health Organization and the American Heart association have
advised that consumers limit their intake of saturated fatty acids and cholesterol to prevent
coronary heart disease. The reduction of cholesterol level in dairy products will be an
attractive alternative to satisfy consumer’s concerns and demands [8]. Gravyer cheese is
one of the few European-style cheese that has economic value and is appreciated by
consumers like domestic cheese varieties in Turkey [9]. Gravyer Cheese, one of the 18
varieties of cheese that is economically important in the world, is in the same group as
Emmental (Switzerland), Gruyere (France), Fontina (Italy), Samso (Denmark), Gouda and
Edam (Netherlands) [10]. Approximately 90% (544 tons) of the production of Gravyer,
which is mostly produced in the Eastern Anatolia Region especially in Kars Province and
its surroundings, is carried out in Kars [11]. The industrial production of Kars Grayver
Cheese is quite low. Production is mostly carried out by traditional methods in dairy farms
[12]. Gravyer Cheese is produced in and around Kars Province and takes the first place
after kashar, tulum and white cheese production. It has economic value for the people of the
region and Kars Gravyer Cheese has brand awareness throughout the country [9].

Although there are many studies on the fatty acid composition and cholesterol content
of various cheeses, no studies have been conducted on the determination of changes in
cholesterol and fatty acid content during the production and maturation of Kars Gravyer
Cheese. However, there are few studies in which the chemical and microbiological
properties of Kars Gravyer Cheese, bought from a point of purchase, are revealed [9,13].
Therefore, the aim of this study is to determine the fatty acid composition and cholesterol
level of Kars Gravyer Cheese, which will be produced by traditional methods in dairy
conditions, and to determine the effect of different maturation periods on fatty acid
composition and cholesterol level.
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Materials and methods

Sample preparation

Gravyer cheese was produced in a dairy farm in central Bogatepe village of Kars
Province according to the flow diagram given in Figure 1. Gravyer cheese production was
done in two repetitions. Samples were taken on different maturation days (Oth,10th, 25th,
45th, 60th and 90th days) from the produced cheeses and brought to the laboratories under
cold chain conditions and fat content, fatty acid composition and cholesterol analyses were
performed.

Raw milk
Heating (lS4-37 °C)
Addition of commercial liquid cheese leaven (rennet)
Coagulation (45 min)
Clot segment (In the sizle of 1 cm3) and Resting
Heating of clot (heating to 55-57 °Cland resting for 10 min ) and mixing
Putting clot in cendele cloth and stamping on molds
Changing of cloth in molds (10 min later)
Changing of cloth iln molds (4-6 times)
Demolding (2l4 hours later)
Salinization of top and bottom surfaces (4-5 days)
Transferring salt pools (Holding in 25-30% of Salt concentrations for 7-10 days)
Hot storage of cheese (28-32 °C, 85-£l)0% relative humidity for 10-20 days)

I
Cold storage of cheese (Maturation at 10-13°C for 3-3.5 months)

Figure 1. Production flowchart of Gravyer cheese

Methods

Determination of fat
The fat content of the samples was determined using Gerber method [14].

Determination of fatty acid composition

The fatty acid composition of the samples was determined according to the fatty acid
methyl ester method (FAME) (AOAC 1996.01) [15]. Approximately 0.1 g of fat obtained
as a result of fat determination method was mixed and shaken with 10 ml of n-hexane and
mixed again with a 0.5 ml 2 N potassium hydroxide solution with methanol. After standing
for 1-2 hours in the dark, 1 pl of the supernatant was taken and directly injected into the gas
chromatograph.
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GC Conditions for the analysis of fatty Acid composition

For the fats, the FAME composition was analyzed using a Restek RTX-2330 capillary
column (60 m, 0.25 mm id, 0.1 pm film thickness, Bellefonte, PA, USA) in Shimadzu
brand gas chromatography (model QP2010 Plus) and a flame ionization detector. The
device was given 1 ul as the injection volume from the sample. The column furnace
temperature was programmed to reach 240 ° C with an increase of 4 °C/min after kept for 3
minutes at 100 °C and to wait 18 minutes at the last temperature value. The injection
temperature was set at 250 °C and the detector temperature was set at 255 °C. Helium was
used as a carrier gas. Injection split ratio was used at 1:80 ratio. For the control of the
GC/FID system, the LabSolution computer program and FAME Mix standard (37
components) (Restek) were used. FAME peaks were identified by comparing the chain
lengths and retention times of the fatty acids specified in the FAME standard.

Determination of cholesterol level

Cholesterol analysis of samples was done according to [16] with some modifications.
According to the method, 1 ml of internal standard (stigmasterol, 0.5 mg/ml) and 0.5 ml of
2 N alcoholic potassium hydroxide solution were added to 0.5 g of fat and the mixture is
left to stand in a water bath at 80 °C for 15 minutes. Then, after cooling to room
temperature, 1 ml of distilled water and 5 ml of n-hexane were added to it and shaken for 1
min. it was then centrifuged at 2000 g for 1 min and 1 mL of the supernatant was removed
and injected directly into the gas chromatography device.

GC Conditions for cholesterol analysis

Cholesterol analysis of samples was performed on a Shimadzu brand gas
chromatography (model QP2010 plus) device using Restek Rtx-65TG (30 m x 0.32 mm ID,
film thickness 0.1 um) (Restek international, Bellefonte, PA, USA) silica column (65%
diphenyl—35% dimethyl-polysiloxane) and flame ionization detector (FID). The column
oven temperature was raised to 150 °C with an increase of 30 °C/min and then to 360 °C
with an increase of 15 °C/min and kept at this temperature for 3 minutes. Injection port
temperature was set at 300 °C and detector temperature was set at 370 °C, helium was used
as the carrier gas. The injection split ratio was used at 1:25.

Lipid quality index

Unsaturated/saturated fatty acids (USFA / SFA) ratios and desired fatty acids (DFA)
were calculated from the fatty acid profiles of the cheeses.

In addition, in order to correlate the fatty acids profile with the risk of cardiovascular
disease, the atherogenicity indices (Al) were calculated according to the following equation
suggested by the equation by [17].

Al, shows the relationship between the sum of the main saturated FAs and the main
classes of unsaturated FAs. The former is considered as proatherogenic (favouring the
adhesion of lipids to cells of the immunological and circulatory system), and the latter as
anti-atherogenic (inhibiting the aggregation of plaque and diminishing the levels of
esterified fatty acid, cholesterol, and phospholipids, thereby preventing the appearance of
micro-and macrocoronary diseases) [18].
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Statistical analysis

In the evaluation of the obtained results, mean values and standard errors of the
samples were determined using SPSS package program, and differences in the fatty acid
composition and cholesterol level between fresh and mature Gravyer Cheese samples were
analyzed by t-test.

Results and discussions

Fat ratios of Kars Gravyer Cheese samples are given in Table 1 and cholesterol ratios
in Table 2.

o Table 1
Fat proportion of Kars Gravyer Cheese during ripening ( £+ S,)
Ripening Period (Day)
()
Parameter (%) 5 10 25 45 60 90 [Fvalue| P
27.0 28.0 29.5 33 35.57 | 38.5 .
Fat +0.00a | =0.51b | £0.70¢ | £0.71d | +0.72¢ | z0.71¢ | 7377

Results are expressed as mean + standard deviation of means
www abedel . Dyifferent letters in the same line refers significant differences between the averages (P<
0.001)

Table 2
Cholesterol level of Kars Gravyer Cheese during ripening (mg /100g)

Ripening period (Day)
0 10 25 45 60 90
45.70 | 48.54 | 58.36 | 155.80 | 104.72 | 101.52
+3.18 | £6.32 | £9.27 | +6.32 | £16.51 | +0.89

Depending on the type of cheese, ripening time varies from a few weeks to three years.
The cholesterol ratio of cheese samples ranged from 45.70 to 155.80 mg /100g during 90
days of maturation. Health lipid indices and the ratio double-carbon saturated of and
unsaturated fatty acids in Kars Gravyer Cheese samples is given in Table 3-5.

Table 3
Health lipid indices of Kars Gravyer cheese (mg /100 g)
Kars Gravyer cheese*
Fatty Acids 0 10 25 45 60 90 Total
Satured fatty acid 98.22 | 98.45 98.56 98.44 98.36 98.49 | 410.93
SCSFA C4:0-C8:0 5.35 6.12 6.15 5.90 5.63 4.84 33.99

MCFA C10:0-C14:0 17.34 | 19.47 19.24 18.48 17.59 15.95 | 108.07

LCSFAC 16:0-C18:2 75.53 | 7286 | 73.17 | 74.06 | 75.14 | 77.70 | 448.46

MUFA 30.15 | 28.38 | 28.59 | 29.97 | 32.37 | 31.30 | 180.76
PUFA 1.84 1.84 1.84 1.76 1.80 1.59 10.64
DFA 45.52 | 43.46 | 44.16 | 45.31 47.98 | 48.05 | 274.48
Al 2.79 3.04 3.01 2.83 2.57 2.71 16.95
USFA/SFA 0.47 0.43 0.44 0.46 0.49 0.46 2.75

*Data were presented as average values; Al — atherogenicity index;
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Cheese ripening is a slow and complex biochemical process that is costly due to the
long storage period. The formation of biochemical and physical reactions during ripening
plays an important role in the texture and taste of matured cheese [19]. The cholesterol ratio
of cheese samples increased until the 45th day, decreased by 60th and 90th day. The
average amount of cholesterol in cheese samples was found as 85.77 mg/100g. The value
found is higher than the value found in Kars Gravyer Cheese (54.23 mg/100) by Karagézlii
et al. [20] between the values (44.6—147.769 mg/100) found in some local Turkish by
Donmez et al. [21] and close to values (82.52 mg /100 g) in Gouda cheese by Ho-Jung et al.
[8].

As a result of the literature review, no research was found related to the determination
of fatty acids profile in the production and storage stages of Kars Gravyer Cheese. For this
reason, the results obtained from this research will be interpreted taking into consideration
the studies conducted in other cheese varieties. Table 4 and 5 show that the fatty acid ratios
of the Kars Gravyer Cheese samples changed during the maturation period from the
production stage. This may be due to biochemical processes occurring in different maturity
periods of the cheeses. Double carbon saturated and unsaturated 16 fatty acids were
identified in Kars Gravyer Cheese samples. According to the results of the analysis, the
highest fatty acids in the cheese samples were palmitic, oleic, stearic and myristic fatty
acids. Ratios of butyric (C4: 0), caproic (C6:0), caprylic (C8:0), capric (C10:0), lauric
(C12:0), myristic (C14:0), pentadekanoic (C15:0), palmitic (C16:0), heptadecanoic (C17:0),
stearic (C18:0), myristoleic acid (C14:1), palmitoleic (C16:1), oleic (C18:1), elaidic (C18:1
(trans 9), linoleic (C18: 2) and 11 —eicosenoic (C20: 1) acid identified in cheese samples
ranged between 2.56-2.74 mg/100g, 1.46-2.04 mg/ 100g, 0.74-1.38 mg/100g, 2.17-3.18
mg/100g, 2.67-3.72 mg/100g, 11.11-12.57 mg/100g, 1.45-1.72 mg/100g, 27.73-29.81
mg/100g, 0.74-0.97 mg/100g, 13.24-15.16 mg/100g, 0.66-0.92 mg/100g, 1.64—
1.92mg/100g, 20.19-23.12 mg 100g, 4.20-6.27 mg/100g, 0.33-0.46 mg/ 100g and 1.13—
1.43 mg/100g respectively.

Changes in the total free fatty acids C4, C6, C10, C14, Cl6, C18, Cl4:1, Cl6:1,
C18:IN9T and C18:1 n9C values of all cheese samples during the ripening period were
statistically significant (P <0.001, P <0.01, P <0.05) and the changes in C8, C12, C17,
C18:2 and C20:1n9 values were statistically insignificant (P> 0.05).

Abd El-Salam [22] reported that milk varieties, maturation temperature, salt
concentration, milk lipase, starter bacteria and other microbial lipases were also effective
on the formation of free fatty acids in cheese such as Feta and Teleme. Free fatty acids are
primarily formed by the enzymatic breakdown of glycerides in dairy products [23]. Free
fatty acids, as they directly contribute to the flavor of the cheese, also play a role in many
types of reactions leading to the formation of methyl ketones, secondary alcohols, aliphatic
and aromatic esters [24]. The free volatile fatty acids found in cheeses are closely related to
flavor and aroma, and acetic, butyric, caproic, caprylic and capric acids are the most
important free fatty acids affecting the cheese flavor [24].

In Kars Gravyer Cheese samples, the amount of volatile fatty acids (C4: 0-C14: 0)
increased up to 25th day (P <0.01) and decreased from 45th day to 90th day. While levels
of free fatty acids (C16: 0-C18: 2) generally decrease at day 25, they have begun to increase
again until the end of the ripening period. Kara et al. [25] stated that the proportion of fatty
acids in tulum cheese increased until the 30th day and then decreased until the 90th day. In
the studies carried out by different researchers [26-28]. the level of volatile fatty acids has
been reported to rise during maturation. Unlike other studies, free fatty acids increased up
to the 25th day and then decreased periodically (45-90 days). The reason for the decline in
free fatty acids between 45 and 90 days is that some of the free fatty acids that occur at the
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end of maturation are converted into B-oxidation and methyl ketones, carbonyl compounds
and other decomposition products [29].

Short and mid-chain saturated free fatty acids such as butyric, caproic, caprylic and
capric acid are often the result of lipolysis of triglycerides by molds. However, in some
cases, fatty acids containing up to six carbon atoms can be formed by the reduction of
lactose and amino acids or the oxidation of ketones, aldehydes, and esters ([30]. Short and
medium chain fatty acids have a low sensory perception threshold and have a more
significant effect on the flavor development of cheese than long chain fatty acids.

In this study, the average values of butyric, caproic, caprylic and capricic acid during
90 days maturation period in Kars Gravyer cheese were found as 2.56-2.74 mg/100g, 1.72—
2.04 mg/100g, 1.07-1.38 mg/100g and 2.55-3.18 mg/100g respectively. The values
obtained are higher than the values found by Tiirkoglu, [27], in braided cheese and by
Atasoy et al. [26], in Urfa cheese and lower than the values found in Van Otlu Cheese by
Ocak et al. [31], and the values found in 11 different cheese varieties by Hayaloglu et al.
[32], Palmitic, oleic, myristic and stearic acid formed in gravyer cheese during maturation
accounted for 74.29 % of the total free fatty acids content. The most abundant fatty acids in
fresh and ripe gravyer cheeses are palmitic acid (C16:0). This ratio varied between 27.73—
29.81 mg/100g. Other acids following this fatty acid are oleic (C18:1) (20.19-23.12
mg/100g) stearic acid (C18:0) (13.24-15.16) and myristic acid (C14:0) (11.11-12.57)
respectively. This may be due to the presence of large amounts of palmitic, oleic, stearic
and myristic fatty acids in milk fat [33]. The values identified in gravyer cheese are higher
than the values obtained by Atasoy et al. [26], in Urfa cheese (myristic acid 6.37-12.40
mg/100g, palmitic acid 18.0-26.9 mg/100g and oleic acid 12.7-19.00 mg/100g ) and lower
than the values found in 11 different cheese varieties (myristic acid 6.2-139.7 mg/100g,
palmitic acid 19.9-356.7 mg/100g and 17.6-386.3 mg/100g) by Hayaloglu et al. [32],
Mallatou et al. [34], reported that although palmitic, stearic and oleic fatty acids form
dominant fatty acids in feta cheese, these fatty acids were not as effective as short-chain
fatty acids on cheese flavor. Lauric acid (C12:0) is the predominant fatty acid (2.67-3.72
mg/100g ) among short and medium-chain fatty acids. Aminifar et al. [35], Marrone et al.
[36], and Ocak, et al. [31]. Sengiil et al. [3], and Arslaner et al. [28], reported that palmitic,
myristic, stearic and oleic fatty acids had the highest proportion among the fatty acids in
Lighvan cheese, in Pecorino Carmastiano cheese, in fresh and ripe Herbed cheeses, in
Karm kaymagi cheese samples and in Tulum cheese respectively. In addition, Ocak et al.
[31], stated that lauric acid (C12:0) was the predominant fatty acid among short and
medium-chain fatty acids. The amounts of oleic and especially linoleic acid, which are very
important in terms of nutrition physiology and which cause certain dermatological diseases
and increase in the water permeability of cells in their deficiency or absence in the diet are
determined as 20.19-23.12 mg /100g and 0.33—-0.46 mg/ 100g respectively.

Elaidic acid (C18:1) acid level increased up to 60 days during maturation but decreased
for 90 days. The contents of linoleic acid (C18: 2) (0.33-0.46 mg/100g ) and cis-11-
eicosenoic acid (C20:1) (1.13-1.43 mg/100g) of fresh and ripe Gravyer cheeses were found
to vary within a narrow range. Cheese fat contains saturated (SFA), monounsaturated
(MUFA) and polyunsaturated (PUFA) fatty acids. Milk fat generally contains
approximately 66% saturated (SFA) (57.4% palmitic, 21.6% myristic and 17.6% stearic),
30% monounsaturated (MUFA) and 4% polyunsaturated fatty acids (PUFA) (Lopez-
Exposito, Amigo, & Recio, 2012). Of the fatty acids identified in the cheese samples,
68.22% were saturated fatty acids and 31.77% were unsaturated fatty acids. Dénmezet al.
[21], determined saturated fatty acid ratio as 60.80—-76.57%. Short, medium and long chain
fatty acids were determined as 4.84-6.15%, 15.95-19.47% and 71.43-76.57% in Kars
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Gravyer Cheese samples, respectively. According to values determined in Gravyer Cheese:
Atasoy et al. [26], in Urfa cheese (7-8%, 20-23% and 70-72%) and Sert et al. [38], found
in tulum cheese (15.08-22.51%, 39.13-42.62% and 30.92-38.56%), Turkoglu [27], found
in braided cheese (medium and long chain fatty acids 24-27% and 63-72%) that short
chain (SCSFA) and medium-chain (MCSFA) fatty acids were low and low-chain fatty acids
(LCSFA) were high in concentration. In cheese samples, the proportions of
monounsaturated fatty acid (MUFA) and polyunsaturated fatty acid (PUFA) were found to
be 28.38-32.37% and 1.59-1.84%, respectively Donmez et al. [21], found in some
traditional Turkish cheeses, that MUFA was 21.42-34.05% and PUFA 1.47-3.59% and
Kinik et al. [39]. In 29 different hard and soft cheese varieties, MUFA was determined as
24.14-27.63 and PUFA as 0.72-1.58%. The values found in Gravyer cheese were higher
than found by Kinik, et al. [39], approximately around the same MUFA value range found
by Dénmez et al. [21], and lower than the PUFA values of the same study.

The Atherogenicity (Al) index, desired fatty acids (DFA) and ASFA / SFA ratios were
determined as 2.57-3.04, 43.46—48.05 and 0.43—0.49 in Kars Gravyer Cheese samples,
respectively. The values found were higher than the Al value determined in traditional
Serbian white cheese (1.89-3.06) by Barac et al. [5], in Serbian traditional white cheeses,
higher than the lower limit of DFA (34.45-46.34), lower than the upper limit, and higher
than USFA/SFA (0.30-0.51).

Conclusion

This study was the first to examine the changes in free fatty acids and cholesterol
levels and examine the effect of ripening days on the change of fatty acid composition and
cholesterol level during maturation starting from production. In the 90 day storage period of
Kars Gravyer Cheese, palmitic, oleic, myristic and stearic acid constituted 74.29% of the
total free fatty acids content and while the most abundant saturated fatty acids were
palmitic and stearic acid, oleic acid was the most abundant unsaturated fatty acid. The
cholesterol content of cheese samples ranged from 45.70 to 55.80 mg/100g during 90 days
of maturation. In this study, the distribution of saturated and unsaturated fatty acids in milk
fat, which is very important in terms of human nutrition, was determined in Kars Gravyer
Cheese. In cheese samples, 10 saturated fatty acids and 6 unsaturated fatty acids were
determined and medium and long-chain fatty acid ratios were found to be higher than short
chain fatty acids. Conversion of triglycerides into free fatty acids by microorganisms and
natural milk lipase plays an important role in the development of different aroma
substances in ripe cheeses. Especially short and medium chain free fatty acids are used as
precursors in the formation of aromatic products such as ethyl ketones, esters and thioesters
[31, 40]. It can be said that Kars Gravyer Cheese is a very aromatic cheese because it
contains short and medium chain fatty acids which have an important effect on the flavor
and aroma of milk and dairy products. Having said that, this research is also important in
terms of shedding light on the research to be carried out in the future.
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Introduction. The purpose of the research was to determine
the characteristics of the infrared spectra of reflection and
absorption of beeswax, as well as wax with the content of
impurities in it, in particular paraffin and ceresin.

Materials and methods. Natural beeswax, paraffin, ceresin,
as well as their mixtures were investigated by infrared
spectroscopy of reflection and absorption using Infrapid-61,
Luminar 5030 and SPECORD M-80 spectrometers.

Results and discussion. Infrared reflection spectra from
smooth surfaces of samples (paraffin, ceresin, wax, a mixture of
beeswax and ceresin, a mixture of wax paraffin and ceresin, a
mixture of wax and paraffin) have a similar structure. There are
two clearly expressed maxima at wavelengths of 1510 and 1581
nm. The ratio R,,(1581)/R,(1510) varies from 1.115 to 1.265. The
smallest value corresponds to natural beeswax, and the maximum
value is ceresin. After shredding the sample, the infrared spectral
diffuse reflections did not undergo significant changes, the most
intense spectral maxima did not change its position, but the
redistribution of spectral lines by intensity was happened out.
There were pronounced differences in the region from 1723 to
2400 nm. The coefficient & for the reflection spectra from the
smooth surface was ~ 1.2, and for the reflection spectra from the
crushed samples ~ 1.1. The reflection spectra in the region from
1100 to 1350 nm have a clear maximum at a wavelength of 1212.5
nm.

IR reflection spectra allowed us to clarify the difference
between the natural beeswax and ceresin through the ratio of
reflection features at 1510 and 1581 nm: the maximal ratio
corresponded to the former, while the smallest one to the latter.
The different proportion of bands corresponding to CH, and CH,
stretching vibrations suggested that hydrocarbon chains of wax
molecules are longer than those of paraffin and ceresin studied. It
was found that hydrocarbon contaminants in the bee wax are
associated with narrowing of the C=0 band at ~1736 cm™.

Conclusions. The detected spectral laws will enable the
identification of natural beeswax and detect its counterfeit.
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Introduction

Bee wax is widely used in many branches of the national economy [1, 2, 29], as well as
in metallurgical, electrical, chemical, pharmaceutical [3-5], food industry, in particular in
the production of cheese and sweets, as well as the coverage of fruits and vegetables in
order to increase their shelflife [6, 30]. However, most of the wax is returned to beekeeping
for the industrial production of wax.

Waxes with impurities are called counterfeit [7-10]. It poses a serious threat to the
beekeeping industry. The falsification of beeswax causes economic and image losses of the
industry, worsens the productivity and quality of honey, and also significantly reduces the
welfare of honey bees. The most common impurities that are added to beeswax are paraffin,
ceresin, microcrystal wax, fat, stearic acid, clay, sand, hard fat, chalk, gypsum.

The high cost of beeswax compared with other waxy products (paraffin, ceresin), as
well as the fact that it is quite difficult to distinguish the impurities from natural wax by
external signs, making beeswax attractive for falsification [11].

According to the current requirements of quality, the industry is allowed to produce
wax with insignificant content of paraffin and ceresin, but in order to improve the quality of
beekeeping products and to avoid further complications, it is desirable to avoid the presence
of these unnatural impurities.

Currently, there are a number of classic traditional methods for verifying the
authenticity of beeswax [11] and controlling its quality: organoleptic, chemical research
methods, high temperature gas chromatography and other diagnostic methods. However,
such studies are long-term in time and usually lead to the destruction of researched sample.

It should be noted that the existing methods of control — organoleptic, chemical,
physical, — although reliable, but morally and technically obsolete [11, 12], and do not
correspond to the current level of quality control of products of beekeeping [13, 14]. An
urgent need for modern methods of quality control [15, 16] is due to the fact that fake
beeswax is a direct threat to the existence of honey bees, and can negatively affect the
quality of all products of beekeeping.

The purpose of the research was to determine the characteristics of the infrared spectra
of reflection and absorption of beeswax, as well as wax with the content of impurities in it,
in particular paraffin and ceresin.

Research of wax raw materials by obtaining IR reflection spectra does not foresee the
use of reagents and allows identification of beeswax, as well as draw conclusions about its
falsification. This method is fast, direct and non-destructive.

These benefits of the method allow you to save time and money, and also allow you to
explore more samples per unit time.

The use of high-quality natural beeswax is a necessary condition for obtaining organic
(natural) bee products [17-20].

Materials and methods
Materials
Wax was obtained on the apiary of the Kyiv-Svyatoshinsky district of Kyiv region 20

years ago by melting old honeycomb in a steam kettle. The wax was stored in a dark place
at room temperature in the form of blocks of cylindrical shape with a diameter of 30
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centimeters and a height of 10 centimeters, in a closed package (sack) of dense fabric.
Paraffin used in medicine was used for conducting experiments.

Cerezin was taken at the enterprise of the wax processing industry, which got there in
the form of counterfeit raw materials. In the process of chemical analysis, it was found that
the test sample is ceresin, and has nothing to do with beeswax. According to external signs
(color, plasticity, fragility, structure of breakage, etc.) the sample was identical to natural
beeswax, which made it impossible to identify it without the use of physico-chemical
methods of analysis.

Before the beginning of the research, the samples were melted to a liquid state at a
minimum melting point (~ 65 degrees Celsius). Subsequently, the liquid was poured into a
special form, where it was cooled to room temperature, and hardened. Thus, three samples
were obtained: natural beeswax, paraffin and ceresin. Similar samples were obtained with
different concentrations of paraffin and ceresin in natural beeswax. The relative
homogeneity of the samples was obtained by mixing the components in the melting
process, their small mass and, as a result, a fairly small hardening time (about a few
minutes). The above factors made it possible to avoid explicit stratification of the sample,
due to a slightly different density of its components. The diameter of the cylindrical
specimens was 5 cm and their height was 5 mm, the dimensions correspond to the cuvette
of the Infrapid-61 infrared diffraction reflector. During solidification a smooth (glossy)
surface was formed.

Separately, to increase the accuracy of the experiment, new samples were prepared in
analogy to the previous one, with only one difference: natural beeswax was taken from the
swarm family. As is known, during the rebuilding of honeycombs, bees take wax from the
very beeswax, adding only about 20 percent of their wax to newly built honeycombs. That
is, if the beeswax, contaminated by impurities, enters the apiary, then after the melting
process these impurities will be present in wax. This will greatly complicate the conduct of
the experiment [21].

To obtain spectra of diffuse reflection in the near infrared region, each sample was
mechanically shredded with the device that is a set of metal equidistant knives of the same
size.

For IR absorption spectroscopy, the samples were mixed with the KCl powder and
pressed as pellets. The reference samples represented pure wax, cerezine and paraffin
material. In order to study the effect of wax contamination by cerezine or paraffin, certain
amount of wax was mixed with one or both latter materials in different proportions. The
typical spectra here are presented for samples with approximately equal proportions of the
components in the mix.

Research methods

The reflection spectra from a smooth surface and shredded samples were researched by
using the Infrapid-61 spectrometer in the near infrared range from 1330 to 2370 nm. The
spectrometer initially recorded the reflectance spectrum from reference Iy (component part
of the instrument), then a reflection spectrum from the researched sample I was obtained.
The spectra are represented as the reflectivity of R in relative units (the ratio of the
intensities I/Iy= R), depending on the wavelength in nm.

The Luminar 5030 spectrometer recorded reflection spectra from the unprepared
surface of the samples. Each sample was scanned 150 times in 1 nm increments. By
averaging the results, reflectance spectra were obtained for each object of the research. The
process of scanning one sample lasted about 7 seconds.
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IR absorption was studied using a dual-beam SPECORD M-80 spectrophotometer in
the 4000 to 800 cm™ range. As all the samples demonstrated similar fingerprints near 3000
em™ corresponding to CH; and CH, stretching, the spectra below are given only in the
region of 1900-600 cm™, where characteristic IR vibrations of the polymers are displayed
[22-28].

Results and discussion
NIR reflection research

Infrared reflection spectra from smooth surfaces of several samples (P — paraffin, C —
Ceresin, W — Wax, WC — a mixture of beeswax and ceresin, WCP — a mixture of wax
paraffin and ceresin, WP — a mixture of wax and paraffin) are shown in Figure 1. All the
spectra have a similar structure. There are two clearly expressed maxima of 1509 and 1581
nm (features ¢ and e in Figure 1) and more than four minima, in particular at 1415, 1533,
1725, and 2254 nm (features b, d, f, g). The highest intensity in the reflection spectrum
corresponds to the wavelength of 1581 nm.

Analyzing the ratio of the maxima of the corresponding spectra for wavelengths of
1510 and 1581 nm (Table 1), we can conclude that the parameter ¢ , which is equal to the
ratio R(1581)/R(1510), varies from 1.115 to 1.265. The smallest value

R
W (1581 _
a =080 1115 corresponds to natural beeswax, and the maximum value
w(1510)
. Ry 1581, L
corresponds to ceresind =—————=1.265. Among the spectral features it is
W (1510)

worthwhile to mention the characteristic intervals between extremums (Figure 1, Table 2):
BC =94, CE =72, EF = 145 nm.

After shredding the sample the infrared spectrum of diffuse reflection did not undergo
significant changes, the most intense spectral maxima did not change its position (Figure 4),
but the redistribution of spectral lines by intensity was carried out. There were pronounced
differences in the region from 1723 to 2400 nm (Figure 4), in contrast to the spectra
obtained from the smooth surface of the sample (Figurel).

Analyzing the positions of the spectral line maxima (Figurel) at wavelengths of 1581
and 1510 nm (Table 1), it can be noted that they are located in the following sequence
Rp>Rwp> Rwc> Rwep> Re> Rw.

The coefficient & for the reflection spectra from the flat surface is ~ 1.2, and for
reflection spectra from shradded samples is ~ 1.1 (Table 1 and 2).

Figure 5 presents the IR reflection spectra in the spectral range from 1100 to 1350 nm,
obtained with the device Luminar 5030. The horizontal axis deferred wavelength in
nanometers, while the vertical axis optical density is 1g1/R, where R — reflecting the ability
of the body.

Differences in intensity of the spectral characteristics of the researed samples at a
wavelength of 1212.5 nm allow to make conclusions concerning presence of impurities
(wax and ceresin) in the researched samples.

Spectral maxima at the specified wavelength are located in the following sequence
Rp>Ryw>Rwer>Rwe>Rwr>Rc.
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Table 1 Table 2
Ratio of the intensities of the spectral maxima Ratio of the intensity of the spectral maxima
for 1510 and 1581 nm. for 1510 and 1581 nm.
Smooth surface Shredded sample
Sample | Risio | Ryssi | Rissi/Risio Sample | Risio | Ryssi | Rissi/Risio

W 0.309 | 0.357 1.155 W 0.879 | 0.932 1.06
P 0.318 | 0.397 1.248 P 0.743 | 0.827 1.11
C 0.310 | 0.392 1.265 C 0.727 | 0.806 1.12
WP 0.375 | 0.448 1.195 WP 0.792 | 0.857 1.08
WC 0.328 | 0.394 1.201 WwC 0.757 | 0.824 1.09
WCP | 0.318 | 0.394 1.239 WCP | 0.799 | 0.874 1.09

Table 3

Characteristic intervals between spectral extremums (Figure 1)

Extremum | Coordinate Segment | Length of the segment, nm

A 1397 AB 18
B 1415 BC 94
C 1510 CD 24
D 1533 DE 48
E 1581 EF 145
F 1726 FG 528
G 2254 GH 45
H 2299 HI 57
| 2356

The Woigina spectral line (Figure 5) corresponds to a rough (not molded) sample of
beeswax obtained on an apiary 20 years ago. Spectral line W is obtained from a melted
sample. The indicated differences in the infrared reflection spectra can be used in obtaining
information concerning the history of the production of wax raw materials.

In the article [1] a relatively new direct method for the investigation of wax was
proposed, without the use of chemical reagents. The method involves the use of IR
spectroscopy in the range from 4000 to 650 cm™. It allows you to identify beeswax and
detect fake (impurities). In the described method, the absorption coefficient was recorded,

namely the ratio: /739, / Looo oy Ligig o I Logsy o5 Digzg o /15, - The results

of the studies were confirmed by high temperature gas chromatography. The difference
between this work and the previous one is that the absorption and reflection spectroscopy
was used. The registration of absorption spectra took place in the spectral range from 1900
to 600 cm™, and the reflectance spectra were recorded in the range from 1500 to 2400 nm.
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R, arbitrary units
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Figure 1. IR reflection spectra. Smooth (glossy) surface of the samples:
p — paraffin, ¢ — ceresin, w — natural beeswax, wec — a mixture of wax and ceresin,
wcep — a mixture of bee wax, ceresin and paraffin wax, wp — a mixture of wax and paraffin
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Figure 2. IR reflection spectrum of natural beeswax and its first derivative
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Figure 3. First derivatives of IR reflection spectra from a smooth surface of samples

—— Ukrainian Food Journal. 2018. Volume 7. Issue 3 427



Food Technology ——

R, arbitrary units
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Figure 4. IR spectrum of diffuse reflection of shredded samples
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Figure 5. IR reflection spectra of waxy substances
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Wax is considered to be a fairly stable compound, with virtually unlimited shelf life,
provided that proper storage conditions are met. At the same time, in the long-term storage,
especially in non-leakproof containers at high temperatures, the surface of the sample
undergoes certain changes in the physical and chemical parameters, which visually
manifests itself in the change of color, and as a consequence in the features of the reflection
spectra, and so on. This fact needs to be taken into account in optical studies, since the
information received with the help of infrared reflection spectroscopy essentially depends
on the state of the surface of the sample.

To some inconvenience of the use of IR reflection spectroscopy one can attribute the
fact that the spectra have a similar structure, and it is difficult to distinguish them visually
from each other (Figure 1, 4). The proposed research methodology needs improvement in
the detection of impurities of low concentration (several percent and less). Interpretation of
the results may be complicated if there is a large number of impurities of different chemical
nature. In studies, it is necessary to take into account the state of the surface of the sample,
and if necessary, to shred (break) the sample, or to melt it. In a case of presence of a large
amount of water in beeswax (more than 20%) the use of infrared spectroscopy is
ineffective.

IR absorption research

Typical spectra of IR absorption of the neat components are shown in Figure 6.
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Figure 6. IR spectra of (1) wax, (2) ceresin and (3) paraffin reference samples

All the samples demonstrate similar bands, i.e., at 1470 cm™ corresponding to CH,
bending, 1376 cm™ corresponding to CH; symmetric deformation, 1170 cm™ corresponding
to C-H bending, 888 and 720 cm™ corresponding to CH, rocking. The above features are
typical for hydrocarbon chains and reflect the fact that the compounds have similar chain
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fragments. However, one can distinguish different proportion of the above band intensities.
Particularly, the different proportion of CH, and CH; bands suggests that hydrocarbon
chains of wax molecules are longer than those of paraffin and cerezine studied. One more
difference is that the spectrum of wax is more reach than those of paraffin and cerezine.
Particularly, the wax samples demonstrate a strong C=O vibration at ~1736 cm’
corresponding to cholesterol esters. This band is a characteristic feature which allows one
to identify wax among other hydrocarbon compounds.

The mixtures of wax with other compounds demonstrate CH, CH, and CH; bending
and rocking vibrations in IR spectra characteristic for all hydrocarbons used (Figure7).
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Figure 7. IR spectra of mixtures of (1) wax plus ceresin, (2) wax plus paraffin and

The spectra are also enriched with the strong C=0 vibration at ~1736 cm™ indicative of
the presence of wax. However, in the mix samples, this band has a more complex structure
compared to the neat wax. In fact, the C=0 band is splitting in the mixtures, with a strong
component at ~1736 cm™ for all the samples accompanied by a smaller red-shifted one.
Position of the latter component is dependent on the mixture composition: for the wax-
cerezine mixture it is at 1712 cm™, for the wax-paraffin mixture it is at 1672 cm™, and for
the wax-cerezine-paraffin mixture it is at 1712 cm™ again. The splitting and shift of the
C=0 band is related to the different environment for the carbonyl group in the mix samples,
when part of these groups remains in the native wax environment whereas the other in the
foreign paraffin or ceresin environment, respectively. In fact, the spectrum of the neat wax
(Figure 6) also contains the component at 1712 cm™, however, this component is less
resolved due to broadening of the C=0 band itself, suggesting more polar environment for
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the carbonyl group in the wax. The different broadening of the C=0 band is shown in Table
4 and the factor can be used for identification of the contaminant in the bee wax itself.

Table 4
Full width at half maximum (FWHM) of the C=0 band in the neat wax and mixed samples

Composition | W | WC | WP | WCP
FWHM (cm™) [ 62| 45 [ 20 | 43

Thus, our results evidence that hydrocarbon contaminants in the bee wax are associated
with narrowing of the C=0 band at ~1736 cm™. This spectroscopic feature can be used for
further quantitative analysis of the purity of the bee wax itself.

Conclusions

1. Infrared reflection spectra (in the range of wavelengths 1330-2370 nm) from smooth
surfaces of samples (paraffin, ceresin, wax, a mixture of beeswax and ceresin, a
mixture of wax paraffin and ceresin, a mixture of wax and paraffin) have a similar
structure, but there are two clearly expressed maxima of different intensity at
wavelengths of 1510 and 1581 nm.

2. The ratio of the intensity of the reflection spectra at characteristic wavelengths
a =R(1581)/Ry(1510) varies from 1.115 (natural bee wax) to 1.265 (ceresin).

3. The maximum intensity of optical density is observed at a wavelength of 1212.5 nm,
which can be used to identify the wax and allow conclusions to be made regarding
the aging of the sample.

4. Infrared spectra of diffuse reflection of shredded samples will not undergo
significant changes in comparison with spectra from a smooth surface. The most
intense spectral maxima do not change their position, but there is a redistribution of
spectral lines by intensity.

5. The different proportion of CH, and CH; bands suggests that hydrocarbon chains of
wax molecules are longer than those of paraffin and cerezine studied. One more
difference is that the spectrum of wax is more reach than those of paraffin and
cerezine. Particularly, the wax samples demonstrate a strong C=0 vibration at ~1736
em™ corresponding to cholesterol esters. This band is a characteristic feature which
allows one to identify wax among other hydrocarbon compounds.
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Introduction. We analyzed the antimicrobial efficacy of the
investigated preparations of the KTIOL-BF series on standard
culture of microorganisms: S. aureus, Escherichia coli, P. aeruginosa
and S. saprophyticus.

Materials and methods. The model preparations of the KTIOL-
BF series (biofunctional) are studied. The preparations are based on
vegetable and animal extracts containing iodine solution or do not
contain it. As controls, preparations of povidone iodine and
chlorophyll are used. The antimicrobial properties of the samples of
the preparations were determined by the modified diffusion method
("wall" method) for increasing the upper range of evaluation.

Results and discussion. The scientific basis of this study is the
systematic concept of health, developed on the basis of the KTIOL-I
ecological-technological system and the physiologically functional
system KTIOL-II. The preparation on the basis of herbal extract
provided the initial good antimicrobial effect on all microorganisms
studied. Introduction to the preparation based on extracts of plants
and on the basis of plant and animal extracts with solution of
nanosized particles of colloidal silver up to 35 wt. % slightly
reduced the antimicrobial effect of the samples relative to S. aureus
and S. saprophyticus. The sample on the basis of plant and animal
extracts showed a good antimicrobial effect on microorganisms S.
Saprophyticus, E. coli, P. aeruginosa. Two samples showed a good
antimicrobial effect on all studied microorganisms.

Model samples of the preparation on the basis of two-phase plant
modified enzymes produced a very good integral antimicrobial
effect on all microorganisms studied. Of these, two samples based
on extracts of plants and on the basis of plant and animal extracts
showed high antimicrobial effects on the E. coli strain (30 mm
growth retardation diameter).

The possibility of high antimicrobial action on E. coli strain (30
mm diameter growth delay) has been confirmed. This is due to the
complex action of these two samples on the study of gram-positive
and gram-negative strains of microorganisms.

Conclusions. The possibility of high antimicrobial activity of
samples on the basis of two-phase plant extract and on the basis of
plant extract and iodine solution on strain Escherichia coli was
revealed and confirmed. The same specimens showed high and good
antimicrobial properties, both in other strains, and in an integral
manner.
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Introduction

Modern livelihoods of Man contributes to the accelerated proliferation of pathogenic
and the emergence of resistant microflora, which 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.

It is also important for scientists to find evidence that intestinal bacteria use tiny strips
of a genetic code called "miRNA" to change the way DNA acts in nerve cells [1].

In prophylaxis and treatment of infectious diseases are crucial the using of functional
drugs for general and local therapy and/or the individual application of the systemic
concept of health [2].

Kovan M.M. in the review [3] analyzed the possibility of using plant products as
antimicrobial agents. The use of and search for drugs and dietary supplements derived from
plants have accelerated in recent years. Ethnopharmacologists, botanists, microbiologists,
and natural-products chemists are combing the Earth for phytochemicals and "leads" which
could be developed for treatment of infectious diseases. While 25 to 50% of current
pharmaceuticals are derived from plants, none are used as antimicrobials. Traditional
healers have long used plants to prevent or cure infectious conditions; Plants are rich in a
wide variety of secondary metabolites, such as tannins, terpenoids, alkaloids, and
flavonoids, which have been found in vitro to have antimicrobial properties. This review
attempts to summarize the current status of botanical screening efforts, as well as in vivo
studies of their effectiveness and toxicity. The structure and antimicrobial properties of
phytochemicals are also addressed. Since many of these compounds are currently available
as unregulated botanical preparations and their use by the public is increasing rapidly,
clinicians need to consider the consequences of patients self-medicating with these
preparations.

In the author's opinion, it would be beneficial to standardize in vitro extraction and
testing methods in order to more systematically find and facilitate the interpretation of
results.

Gerontologists also recommend starting prevention as early as possible [4—6].

Now we can observe rasing of the microflora and hospital strains resistance to
antibiotics and antiseptics, and as results - increasing in the frequency of secondary and
postoperative infections [7].

The aim of the study. To reveal the antimicrobial properties of the different
investigated specimens KTIOL-BF series, obtained from the systemic concept of health
(KTIOL") [3].

Systemic concept of health (The systems KTIOL®). The system KTIOL-I
(Comprehensive Technologies, Engineering, Equipment, Lines) was initially aimed at the
synthesis of lipid-containing products of special purpose. The main principles of the system
KTIOL-I: providing the structure of the product (preparation) at the micro and nano level;
ecological and economic efficiency; a systematic approach to the methodology of
producing safe food, pharmaceutical and cosmetic products and drugs’

The system of KIIOL-II (Integrated Therapy of Individual Health Improvement) was
initiated from the analysis of indicators of quality and safety of water, food products,
dietary supplements and preparations, environmental and endoecological aspects of
personal health. The KIIOL-II system includes: hygiene of thoughts (positive thinking and
positive mood); sleep hygiene (recovery, rehabilitation, treatment, rehabilitation);
prevention (ophthalmologic, dental, endoecological, herrolontal); water is high quality and
safe; nutrition organic and health-care; breathing health-curative; Individual systemic
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exercise (walking, massage, swimming, tennis, Scandinavian walking, etc.); meditators and
self-adjusting; individual know-how [2, 5, 8].

Means based on vegetable, ethereal oil and other sources. In recent data, we found
information about the influence of the molecular structure of derivatives of 4-thiazolidine
(about 70 compounds) on their antimicrobial activity was investigated by the QSAR
method. Microorganisms were used as reference cultures: Candida albicans, S. Citrobacter
freundii, Klebsiella pneumoniae, Pseudomonas aeruginosa and Staphylococcus aureus
MSSA [9].

The influence of the evolution of the heterocyclic system on the antimicrobial
properties of derivatives of 4-thiazolidines was demonstrated. An important role of
electrostatic characteristics of their molecular structure was also shown. The compounds
with the highest predictive value of antimicrobial activity against several cultures were
selected as a result of virtual screening.

An international team of researchers and the Singapore Institute of Bioengineering and
Nanotechnology created a biodegradable polymer. The activity of the polymer was tested
on cultures of five ESKAPE pathogens, including Pseudomonas aeruginosa and methicillin-
resistant Staphylococcus aureus (MRSA). It turned out that the substance destroys bacteria
with 99-100 percent efficiency. Scientists also tested the activity and toxicity of the
polymer in mice. The dose of polycarbonate needed for the survival of infected animals was
lower or comparable to that of antibiotics for three of the four pathogens.

It is known that aqueous solutions of furatsillin, hydrogen peroxide, povidone-iodine
(PVI), chlorhexidine, myramistin, alcoholic solutions of boric acid, liniment of syntomycin,
ointment of salicylic acid, levorin, myraimystin, chlorhexidine are often used at the local
application of medicinal antiseptic drugs. The disadvantage of these drugs is the narrow
spectrum of antimicrobial activity, short-term antimicrobial activity, etc.

The paper [7] presents the results of the study of the antimicrobial properties of the
antimicrobial agent palisept plus. The high sensitivity of strains of microorganisms (S.
aureus, E. coli, K. pneumoniae, P. aeruginosa) to this drug is shown. According to the
author's team, the palisept plus on the oral medication ecamotoxin provides an effective
antimicrobial action for a long time.

Additional approvement of good antimicrobical activity of 4-thiazolidine was
confirmed in another study [11].

Pharmacological screening of antimicrobial activity of synthesized isomanes is carried
out.

Identified compounds with the expressive antimicrobial effect that can increase the
sensitivity of clinical strains S. aureus and S. Haemolyticus to oxacillin, which can be used
to create new combined antimicrobial chemotherapeutic agents.

Chinese, American and Singapore researchers [12] have synthesized a substance with
antimicrobial properties that effectively destroys ESKAPE-bacteria, which was resistant to
most antibiotics. The acronym ESKAPE combines the names of pathogens that are highly
resistant to most antibiotics and cause most hospital infections worldwide.

Chemists and biologists synthesize antimicrobial peptides and polymers. Despite the
efficacy and broad spectrum of action, antimicrobial peptides are toxic, and their
production is rather expensive. Most of the described antimicrobial polymers are not
decomposed and therefore can accumulate in the body and eventually become toxic. In
addition, until now, their activity in living organisms has not been practically studied.

Despite the fact that scientists are constantly synthesizing new generations of drugs,
bacterial resistance is still a significant problem.
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The antimicrobial activity of the developed dermatological ointment with a two-phase
extraction of black poplar kidneys using the method of diffusion into agar (the method of
"wells") was studied [14]. As test cultures, eleven different strains of microorganisms were
used. The results of microbiological studies have shown that the biphasic extracts of black
poplars and ointment on its basis have a expected antimicrobial action against pathogenic
microorganisms.

The study was conducted to evaluate the in vitro antibacterial activities of 18 essential
oils chemotypes from aromatic medicinal plants against streptococcus S. Pyogenes [15].

The chemical composition of oil was analysed by GC and GC-MS. the reducing
power, antioxidant and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging activities
of the essential oil were studied. The reducing power was compared with ascorbic acid, and
the other activities were compared with 2,6-di-tert-butyl-4-methyl phenol (BHT, butylated
hydroxytoluene). The results showed that the activities were concentration dependent. The
antioxidant activities of the oil were slightly lower than those of ascorbic acid or BHT, so
the oil can be considered an effective natural antioxidant. Antimicrobial activities of the
essential oil from the leaves of Origanum syriacum was also determined on 16
microorganisms tested using the agar-disc diffusion method, and showed antimicrobial
activity against 13 of these.

Antibacterial activity of essential oils was investigated using disc diffusion method.
Minimum Inhibitory Concentration of essential oils was measured using broth dilution
method. Out of 18 essential oils tested, 14 showed antibacterial activity against S.
pyogenes. Among them Cinnamomum verum, Cymbopogon citratus, Thymus vulgaris CT
thymol, Origanum compactum, and Satureja montana essential oils exhibited significant
antibacterial activity. The in vitro results suggest that, for patients (if aromatherapy is used)
these essential oils, considered as potential antimicrobial agents, should be preferred.

The authors plan additional studies of essential oils in clinical strains regarding the
potential clinical use in therapeutic therapy (to determine whether they can effectively
replace antibiotics or may be used in combination) [18].

Adiantum Linn. of Adiantaceae family is one of the most common and widely
distributed species. Ethnomedicinally, the genus is important and popularly known as
“Hansraj” in Ayurvedic System of Medicine.

In the present study its four important species, i.e. Adiantum capillus—veneris,
Adiantum peruvianum, Adiantum venustum and Adiantum caudatum were collected and
extracted with methanol. These extracts were tested for their antimicrobial agents against
five gram positive, six gram negative (including multiresistant bacteria Staphylococcus
aureus) and eight fungal strains using standard microdilution assay. The maximum activity
was exhibited by the methanolic extract of Adiantum venustum followed by Adiantum
capillus—veneris, Adiantum peruvianum and Adiantum caudatum. The methanolic extract
of Adiantum capillus—veneris had very low MIC value (0.48 pg/ml) against Escherichia
coli whereas, Adiantum venustum extract against Aspergillus terreus with MIC of 0.97
pg/ml. Total phenolic constituents of Adiantum species viz. Adiantum venustum, Adiantum
capillus—veneris, Adiantum peruvianum and Adiantum caudatum were 0.81% (w/w), 0.83%
(w/w), 0.71% (w/w) and 0.52% (w/w), respectively (as gallic acid equivalent); implying
that the observed activity could be related to the amount of phenolics [19].

In [16], the authors studied antimicrobial activity of lipophilic complexes obtained
from Galium species. The study was conducted in vitro by agar diffusion. Staphylococcus
aureus was found to be the most susceptible to the studied lipophilic complexes.
Escherichia coli and Proteus vulgaris showed low sensitivity. Pseudomonas aeruginosa and
Bacillus subtilis showed moderate sensitivity. The obtained results provided the basis for
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further in-depth studies of the antimicrobial and antifungal activity of the lipophilic
complex of the genus Galium L.

The exponential growth of bacterial resistance to antibiotics raises a problem for
clinicians regarding endophthalmitis in postcataract surgery through multidrug-resistant
(MDR) organisms. Treatment options are limited and the results are bad. Therefore, prompt
surgical prophylaxis provides the best treatment solution. There are currently no
recommendations for surgical prophylaxis in patients with bacterial colonization of multi-
resistant (MDR) organisms.

The current ESCRS (European Society Cataract and Refractive Surgery)
recommendation for a 3-minute exposure to 5%PVI is effective for gram-negative bacteria
and most gram-positive cocci. However, 5%PVI is ineffective for enterococci and requires
exposure to chlorhexidine for 5 minutes.

Materials and methods

Materials

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). 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 the KTIOL-BF series. These functional and antioxidant
drugs have been obtained on the basis of the systemic concept of health. As model samples,
the preparations of the KTIOL-BF (biologically functional) series were used. The
preparations KTIOL-BF5, KTIOL-BF6 and KTIOL-BF7 are based on plant extract and
iodine solution. The preparations KTIOL-BF25, KTIOL-BF26 and KTIOL-BF27 on the
basis of plant and on the basis of plant and animal extracts and solution of nanosized
particles of colloidal silver. KTIOL-BF49 based on plant and animal extract and KTIOL-
BF69 on the basis of plant extract and iodine solution.

The preparations KTIOL-BF31 and KTIOL-BF32 are based on a two-phase plant
extract. The preparations KTIOL-BF36, KTIOL-BF37, KTIOL-BF38 and KTIOL-BF39 on
the basis of plant extract and iodine solution. Povidone-iodine, PVI (pharmaceutical
preparation BETADINE is based on a solution of povidone-iodine, surface-active and
auxiliary substances) and Chlorophyllipt (CHL) based on two phases of plant extract were
used as controls.

Order of conducting researches

Analysis of the methodology. Preparation of exploratory strains of Gram-positive and
Gram-negative microorganisms, model preparations of the KTIOL-BF series and control
drugs. Execution of planned research, processing and discussion of the results, conclusions.

Description of the methodology

As the references, 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). 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) [14].
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An antimicrobial activity of drug samples were determined by the agar-well diffusion
method. In one Petri dish the activities of four or five different samples were studied. The
investigated samples were dissolved in formamide in a ratio of 1:10. 10 ml of a sterile
melted meat peptone agar (MPA) was poured into a Petri dish. After cooling of this
medium layer, sterile glass cylinders were placed in it (height 10 mm, internal diameter 6
mm) and then 15 ml of melted MPA mixted with overnight suspension of the test-microbe
were added. When the second layer of medium became solidified, the cylinders were
removed and into the wells that were formed, the 0,5 pl of the drug samples were delivered
under the aseptic condition. After incubation period for 24 hours at 37 °C the results were
determined. The the inhibition zones (no growth) of the test-microorganisms around wells
were measured in millimeteres.

Working out of research results

According to the diameter of the microbial growth inhibition zone the degree of a
susceptibility of microorganisms to the antibacterial solutions were adopted: as high
susceptibile to drug sample — if the diameter of the growth inhibition zone of
microorganisms exceeded 20 mm; susceptibile if the diameter was from 14 to 20 mm; and
low susceptibile - from 8 to 14 mm. All tests were perfomed triplicate and average values
were recorded.

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 [3] was used. This concept includes two systems of KTIOL.

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 [2, 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 and 2.

The analysis of the data in Table 1 in comparison with the control sample PVI the
following. From samples KTIOL-BF5, KTIOL-BF6 and KTIOL-BF7 on the basis of initial
extracts only sample KTIOL-BF7 provided an initial good effect on all microorganisms
being studied.

When the nanoparticles of colloidal silver were introduced into the original extracts
(KTIOL-BF5, KTIOL-BF6, KTIOL-BF7), specimens KTIOL-BF25, KTIOL-BF26 and
KTIOL-BF27 were respectively obtained. Colloidal silver slightly reduced the
antimicrobial effect of these samples on S. aureus and samples KTIOL-BF26 and KTIOL-
BF27 relative to S. saprophyticus. Note that only a sample of 25 nanoscale colloidal silver
showed a good antimicrobial effect on the microorganisms S. Saprophyticus, E. coli, P.
aeruginosa examined.
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Table 1
Antimicrobial properties of samples of model drugs KTIOL-BF on the basis of extracts
(in mm, retarded growth zone)

Drug samples Growth inhibition, mm (Mean £SD)
S. aureus S. saprophyticus E. coli P. aeruginosa

Control PVI 10+0.2 12+0.5 10+£0.4 12+0.2
KTIOL-BFS5 0 0 0 0

KTIOL-BF6 14+0.5 12+0.8 0 0

KTIOL-BF7 14+0.3 14+0.6 18+0.5 14 £0.4
KTIOL-BF25 1240 .7 16+0.4 18+0.6 16+0.5
KTIOL-BF26 12+0.5 12+0.4 18+0.5 20+0.5
KTIOL-BF27 12+0.4 12+0.3 14+0.8 20+0.6
KTIOL-BF49 16+0.4 16+0.5 22+0.6 24+0.8
KTIOL-BF69 18+0.6 16+£0.3 14+0.3 18+0.6

Table 2
Antimicrobial properties of samples of model drugs KTIOL-BF on the basis of extracts with
biologically active components (in mm, retarded growth zone)

Drug samples Growth inhibition, mm (Mean +SD)
S. aureus S. saprophyticus E. coli P. aeruginosa

KTIOL-BF31 20+0.4 18+0.5 18+0.5 18+0.3
KTIOL-BF32 24+0.6 18+0.6 30+0.5 16+0.4
KTIOL-BF36 20+0.6 18+0.5 18+0.7 18+0.4
KTIOL-BF37 16+0.5 16+0.7 22:+0.4 12+0.5
KTIOL-BF38 24+0.2 22+0.6 30+0.8 20+0.7
KTIOL-BF39 14+0.4 14+0.5 20+0.6 16+0.6

control 52 10+0.3 12+0.4 10+0.4 10+0.4

Also modified and samples 49 (based on the iodine content extract 7) and 69 (based on
the iodine content extract 6 and plant extract) were also studied. Sample KTIOL-BF49
showed a good antimicrobial effect on all microorganisms studied. Sample KTIOL-BF69
(Improved Sample KTIOL-BF6) neutralized the defects of sample KTIOL-BF6 and
provided antimicrobial effect on all microorganisms under study.

The analysis of the data in Table 2 in comparison with the control sample 52
(pharmaceutical preparation Chlorophyllipt on the basis of a two-phase plant extract)
revealed the following. Samples KTIOL-BF31 and KTIOL-BF32 on the basis of two-phase
plant extracts provided a very good integral antimicrobial effect on all investigated
microorganisms: S. aureus, S. saprophyticus, E. coli, P. aeruginosa. For the first time, a
high antimicrobial effect of samples KTIOL-BF32 and KTIOL-BF38 on strain E. coli was
detected.

Modified model samples KTIOL-BF36, KTIOL-BF38 and KTIOL-BF39 (were also
studied. Samples KTIOL-BF37 and KTIOL-BF39 showed a good antimicrobial effect on
all microorganisms being studied.

The high integral sensitivity to the sample of the preparation KTIOL-BF38 was
revealed by all strains of microorganisms examined (the diameter of their growth delay
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exceeded 20 mm). Also the possibility of a high antimicrobial action on the E. coli strain
(growth delay diameter of 30 mm) was confirmed. Also, the possibility of a high
antimicrobial action on E. coli strain (diameter growth delay of 30 mm) was confirmed.
This is due to the complex action of the drug KTYOL-BF38 on the study of gram-positive
and gram-negative strains of microorganisms.

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.
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Introduction. The purpose of the study is to study the
functional and technological properties of the obtained protein
compositions from poultry meat and to determine the optimum
with high quality indices.

Materials and methods. The meat of mechanical treatment,
fillet of poultry, hams with skins were studied, which were
subjected to microwave-vacuum drying with humidity not more
than 5% and prepared samples — Mepro 85 (the Dutch
manufacturer) - animal protein of cattle and Sunprotein -
vegetable protein.

Results and discussion. The obtained results indicate that
the resulting dry powders can bring the finished product closer to
a product with a balanced composition, high quality and
nutritional value. It has been studied that specimens from the
fillet of poultry, hams with skins, and meat of mechanical
treatment of poultry contained more than 80-96% free moisture,
which gives the product its use with greater juicy and tender
consistency.

At the same time, the best water-retaining ability in the
sample from the fillet of poultry is 10.2% and in Sunprotein -
11.4%. The greatest fat-retaining ability was the meat of
mechanized treatment of poultry — 13.1% compared to the
sample Mepro 85 — 5.25%. The emulsifying ability in the sample
meat of mechanical treatment of poultry is 73%, which is 20—
25% higher compared to other samples.

As a result of microbiological research no bacteria of the
colon germ, pathogenic microorganisms, including the genus
Salmonella, sulfitreducing clostridia were found. The total
amount of microorganisms after drying in all samples does not
exceed the norm for boiled dried meat 5x10°. The best result was
observed in the sample Sunprotein — 1.8x10°.

In the sensory analysis, it has been found that the sample of
the fillet of poultry has a better outer look and smell, while the
consistency is better in meat of mechanical treatment of poultry.
It is the most crumbly, inherent in dry powders.

Conclusions. The comparative analysis confirms the high
functional and technological properties of samples from the fillet
of poultry and meat of mechanical treatment of poultry, as well
as being safe for use in meat products.
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Introduction

The growing standard of living of the population in the conditions of deficiency of
animal proteins has led to the intensive development of new trends in meat products, which
consists in optimal combination of both meat and non-meal protein-containing food
components for obtaining high-quality and biologically valuable foods. [9].

In the meat industry, animal and vegetable protein preparations are used not only as
functional additives, which help increase the yield of traditional meat products, but also as
the formulation components of combined meat products (milk protein preparations,
soybean isolates, protein hydrolyzates, hydrocolloids etc.) [5].

Many scientists contributed significantly to the development of rational approaches to
adequate replacement of meat raw materials with protein-containing and non-protein fillers,
to improve the indicators of food and biological value and biological efficiency of meat
products, their technological characteristics and cost-effectiveness [4]. They are: V.M.
Pasychny, R. Tarte, E. Tornberg, P.A. Lofgren, A.l. Zharinov, N.A. Yancheva, M.M.
Klimenko, A.Yu. Sokolova and other scientists [10].

Swedish scientist E. Tornberg was engaged in the development of milk protein
preparations that had functional and technological properties similar to meat raw materials
[2]. American scientist P.A. Lofgren was involved also in the development of milk protein
preparations, namely casein sodium [3]. Such a technology has a limited range of
applications, since there are people with lactose intolerance.

Arihara K. and Carballo J. were involved in the development of sausage products with
the addition of dry meat powder. Campbell R. E., Hunt M. C. studied the methods of drying
beef, but the disadvantage of their method is that the product was characterized by
increased rigidity and low quality.

Taking into account that the proposed raw material, namely poultry meat, is a product
that is rapidly spoiled, the production of a dry meat additive is promising to increase
functionality, stability in storage and transportation. The use of modern technology helps to
get products with a high content of high quality protein, high quality of products and
nutritional value.

The development of technology of meat products with a dry meat additive is associated
with the involvement of different types and grades of meat, as well as combining it with
plant fillers, the development of innovative methods of drying and packaging products
aimed at increasing the consumer properties and hygienic quality of products.

According to the results of previous studies, namely the use of different methods of
meat drying (sublimation, infra-red, lyophilic, microwave-vacuum drying, drying with
combined heat approach, etc.), it was established that one of the ways of preserving meat
protein in the native state is drying at low temperatures, namely, the use of microwave-
vacuum drying [16]. Such drying leads to the release of a large amount of heat, which is
spent solely on the evaporation of moisture without heating the fabric of the product, and as
a result evaporation can occur at a low temperature [1]. This contributes to intensive
evaporation of moisture without significant change in the structure of the surface layer,
reducing the duration of processing, preservation of biologically active components of raw
materials, dying of microbial cells and inactivation of enzymes.

The purpose of this research was to investigate the functional and technological
properties of the received protein compositions from poultry meat and to determine the
optimum with high quality indices.
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Materials and methods

Materials

The following objects of research were used: meat of mechanical treatment, fillet, hams
with skins, which were subjected to microwave-vacuum drying. The following comparisons
were used foreign counterparts Mepro 85 (the Dutch manufacturer) - animal protein from
cattle and Sunprotein (USA) - vegetable protein. [16, 18]. The drying was carried out at a
temperature of not more than 37°C to obtain the required mass of condensate at constant
stirring [6].

Determination of moisture content

The moisture content of the protein component was determined by drying the crushed
sample at a temperature of 150°C for 1 hour. The mass fraction was determined as the
difference between the weight of the drying unit (A1) and after drying (B) to the weight of
the weight gain (A), expressed as a percentage:

W = (A;-B)/Ax100
Determination of the number of MAOAM

Determination of mesophilic aerobic and optional anaerobic microorganisms was
carried out using a deep sowing method based on seeding of product dilutions into a dense
nutrient medium.

At 1 cc. From each breeding place are put on the bottom of two sterile Petri cups,
slightly opening them. Then, in each cup, pour 15-20 cubic centimeter of molten and cooled
to 45 °C of nutrient agar with yeast extract and glucose are poured, then the cup is stirred
along the surface of the table with circular motions [10]. After cooling the agar, the cups
are placed in the thermostat upside down at 30 °C for 72 hours. Then the calculation of all
types of colonies is conducted.

Drying process

The studies were carried out in a sealed reactor of a radio-transparent material (glass).
Vacuum in the chamber is provided by a membrane vacuum pump. The reactor is placed in
a chamber with a microwave energy source. The vapor volume of the chamber was
communicated with the condenser where cold water circulated. Steam was converted into
condensate, and the mass of condensate was determined by means of digital scales [16].
The moisture content of the raw material was established by the mass of the condensate.
The temperature of the reactor was measured with a radiation pyrometer, and the pressure
in the chamber was measured with a vacuum gauge. The consumed electric energy was
determined with the help of a meter.

Determination of water-absorbing ability

The water-binding ability of meat was determined by the Grau and Hamma method. A
weight of the mass of 0.3 g, weighed to 0.0001 g precision on a polyethylene with a
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diameter of 55-60 mm is transferred to an ash-free filter, which is placed on a Plexiglas
plate 100 x 100 mm in size. The hard cover is covered with another plate of the same size
and a load of 1 kg is placed on top. The pressing lasts for 10 minutes, after which the
contour marks the spots around the pressed meat. The area is measured by a planimeter in
cubic centimetres. The content of bound water in meat is calculated by the formula:

V = (A-KxB)/Mx100

A-water content in weight, mg; K = 8.4 mg; B- area of a wet spot, cm?, M-the mass of
weight meat, mg.

Determination of water-retaining capacity

The protein component is hydrated in distilled water at a ratio of 1: 5 for 1 hour, then
it is placed in a thermostat with a temperature of 74-76 °C and kept for 15 minutes. The
contents of the glasses are transferred to centrifuge nets and centrifuged for 15 minutes at
1000 rpm for separation of unbound water. It is calculated as the difference between the
mass of the hydrated texture (Mr) and the mass of dry (Ms) to the mass of dry texture (Ms),
expressed as a percentage:

WRA = (Mr-Mc)/ Mc x100
Determination of fat-retaining ability

The protein component is dispersed in 10 g of vegetable oil and for 1 h at 20°C, then
placed in a thermostat with a temperature of 74-76 °C and kept for 15 minutes. The
contents of the glasses are transferred to centrifuge mesh and centrifuged for 15 minutes at
1000 rpm. Calculated as the difference between the mass of the dispersing texture (Mr) and
the mass of dry (Ms) to the mass of the dry texture (Ms), expressed as a percentage:

FRA = (Mr-Mc)/ Mc x100
Results and discussion

Determination of microbiological indicators

Experimental studies were conducted with dry protein concentrate on the following
indicators: microbiological, physico-chemical and sensory [7, 8].

The first point of control is the determination of the sanitary state of the powder after
its preparation.

Microbiological contamination of the samples was determined before and after drying
(Figure 1). According to the results of the obtained data, it was determined that the total
number of microorganisms after drying in all samples did not exceed the norm for boiled
dried meat 5 x 10°, as well as no bacteria of the colon germ, pathogenic microorganisms,
including the genus Salmonella, sulfitreducing clostridia were found. That is, dry meat
additives comply with standard, do not exceed the permissible level and are safe for use in
meat products.
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12

c10

4

Figure 1. Lg colony-forming units/1 g protein component:
1 — Chicken Fillet, 2 — Chiken Ham, 3 — MMT, 4 — Sunprotein, 5 — Mepro 85, 6 —
Standard.

Determination of functional and technological indicators

The next stage of the research was the study of the functional and technological
properties of all experimental samples namely: moisture content after drying, water-binding
ability, water-retaining ability, fat-retaining ability and emulsion stability.

The result of determining the moisture content after drying in the samples studied is
different, which is due to their composition and the effect of heat treatment in the drying
stage, as well as the properties of raw materials [15].

At the mechanical action of high pressure on muscle fibers of poultry meat, there
occurs a destruction of myofibrils with the release of myofibrillar proteins. This is
accompanied by a rupture of electrostatic bonds and the formation of ionized groups that
bind water [12].

On the basis of the data obtained, it can be concluded that the emergence of additional
centers available in water after treatment by pressure, promotes the increase of moisture
absorbing ability in poultry meat.
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Figure 2. Moisture content of the protein component after drying:
1-Chicken Fillet, 2-Chiken Ham, 3-MMT, 4-Sunprotein, 5-Mepro 85.
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Figure 4. Content of water-retaining ability of the protein component after drying:
1 — Chicken Fillet, 2 — Chiken Ham, 3 - MMT, 4 — Sunprotein, 5 — Mepro 85.
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Figure 5. Content of fat — retaining ability of the protein component after drying:
1 — Chicken Fillet, 2 — Chiken Ham, 3 - MMT, 4 — Sunprotein, 5 — Mepro 85.
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Figure 6. Content of emulsifying ability of the protein component after drying:
1 — Chicken Fillet, 2 — Chiken Ham, 3 - MMT, 4 — Sunprotein, 5 — Mepro 85.

The value of water-retaining, fat-retaining and emulsifying ability in the samples
varies, due to their composition and the effect of heat treatment in the drying stage.
Comparing all the studied samples of meat supplements studied as protein filler, we see that
the highest results were found in chicken fillet and meat of mechanical processing, the
lowest observed in chicken ham [14].
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a b

Figure 7. The samples of the protein component after drying: a- MMT, b- Sunprotein
Outer look
0

Structure Consistency

Dry measures Colour

«+«¢+ Chicken Fillet =@ Chicken Ham

-t - MMT ==Cm== Sunprotein

Figure 7. Profilogram of the studied meat additives

450 —— Ukrainian Food Journal. 2018. Volume 7. Issue 3



Food Technology

According to the sensory evaluation, model meat supplements were characterized by

high sensory characteristics [2]. Loose consistency, inherent in dry powders, homogeneous
color, like meat, pleasant scent. The best sensory properties were found in chicken fillet,
mechanical collapse meat and sunprotein, the lowest rates were observed in the chicken
ham.

Conclusion

. Based on the analysis of existing technologies for the production of protein supplements
from various anatomical parts of poultry meat, the technology of dry additives with the
use of electromagnetic energy sources of ultrahigh frequency under vacuum was
developed.

. In work was investigated of efficient use of meat additives in meat products is
investigated, to compare different samples according to microbiological, physical-
chemical and functional-technological indicators.

. It is shown that the highest rates were observed in dry powders of chicken fillet and
mechanically-processed meat, which will bring the finished product closer to a product
with a balanced composition, high quality and nutritional value.

. Based on the results obtained and from an economic point of view it is more appropriate
to use dry powder from mechanical collapse meat.

. It has been experimentally established that the protein composition of animal origin
obtained by the proposed method meets the existing technological regulations.
Regulation EU No. 178/2002 requires enterprises to identify from whom raw materials

and ingredients and have a traceability system and procedures that allow them to quickly
obtain the necessary information. As a result, the use of the developed additive allows you
to create meat products controlled by origin.
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Introduction. Lactic acid bacteria with known metabolic
properties contribute to the sensory characteristics of the products,
to their quality and safety. The limited number of highly
biotechnologically available strains and the constant risk of
bacteriophage attacks justify the continued searching for new
strains.

Materials and methods. Identification of thermophilic lactic
acid bacteria was performant on the basis of phenotypic properties
and using molecular methods — RAPD-PCR and FTIR
spectroscopy. Antagonistic activity of selected strains was carried
out by diffusion method. Starter culture and samples of yoghurt
were manufactured according to the traditional technology.

Results and discussion. Selected strains of S. thermophilus
are characterized by intense acidification of the milk for 3—4 hours,
developing a milk acidity between 65-74 °T, forming a
homogeneous, compact, dense coagulum, which ensures its firm
consistency. The strains S. thermophilus strains CNMN-LB-50 and
CNMN-LB-51 are capable of synthesizing exopolysaccharides
(EPS).

The antagonistic activity against pathogenic microorganisms
of strains of is high. The inhibition range varies between 16 and
18 mm from Escherichia coli. and 19-21 mm to Staphylococcus
aureus, which inhibits the development of intestinal infections and
prevents the development of pathogens in fermented milk samples.
The maximum yeld of EPS synthesized at suboptimal temperature
of 32 °C is 19.4% higher than at the optimal temperature for this
process (40 °C) for S. thermophilus CNMN-LB-50 strain and 23,
8% for S. thermophilus CNMN-LB-51 strain. To stimulate the
synthesis of EPS under industrial conditions in the manufacture of
fermented milk products without altering the temperature, the
nutrient medium should be supplemented with sucrose in an
amount of 8%.

Conclusions. It is possible obtaining from the microflora of
raw milk and dairy products of spontaneous fermentation the
autochthonous  strains of lactic bacteria with valuable
biotechnological properties, intended for use in the composition of
starter cultures for the production of fermented milk products.
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Introduction

At the present, technological processes based on the activity of lactic acid bacteria
(LAB) have a special significance. Modern dairy production is closely linked to the search
and selection of suitable LAB with the specific properties, which implies an increase in the
diversity of fermented dairy products. Thermophilic and mesophilic LAB are the most
widely used as starter cultures for the production of fermented dairy products. The specific
taste, consistency and other properties of the fermented dairy products depend on the strains
which starter culture made up. The thermophilic LAB are capable to grow at temperatures
of 37-45 °C that is an important condition associated with the technological process of
manufacturing fermented dairy products such as yoghurt, baked fermented milk and various
cheeses and play an important functional role in fermented dairy products [1].

Thermophilic cocci strains isolated from raw milk and spontaneous fermentation dairy
products, in most cases, belong to Streptococcus and Enterococcus genera. Thermophilic
LAB S. thermophilus are "useful" representatives for their application in starter cultures
[2].

Identification process of an isolated strain includes its complete description and
comparison with a reference strain. The rapid and specific classification of bacteria is an
important task in microbiology, which can be achieved using traditional methods based on
physiological, biochemical and molecular methods.

However, many scientists notice difficulties in differentiating and identifying of
Streptococcus and Enterococcus bacteria using only the phenotype classification methods
describing the inadequacy of the classical phenotype characteristics of these genes, such as
the ability to grow on a medium containing esculin, bile and sugar fermentation, antibiotic
resistance, and the range of typical growth temperature [3-5].

The aim of the present study was isolation and identification of S. thermophilus strains
from raw milk and spontaneous fermentation dairy products and to study their industrial
potential in order to create starter cultures which are suitable to yogurt production in local
conditions.

Materials and methods

Reference bacterial strains

The following strains Streptococcus thermophilus A737 was obtained from Czech
Collection of Microorganisms (Brno, Czech Republic), Streptococcus thermophilus 1241,
Lactobacillus casei 4791were obtained from Collection of Microorganisms (Food Research
Institute, Bratislava, Slovakia).

Isolation

10 grams of samples were homogenized with 90 ml sterile peptone physiological saline
solution (5 g peptone, 8.5 g NaCl, up to 1000 ml distilled water, pH 7.0). The homogenate
was diluted serially and the appropriate dilutions were surface plated on M17 agar media
(Merck, Darmstadt, Germany), then plates were incubated at 37 °C for 72 hours.

Physiological and biochemical tests

Morphology. Pure cultures grown in skimmed milk in an incubator at 37 °C for 18 h
was used. Before a microscope examination smears of cultures were stained with methylene
blue for a few minutes.

454 —— Ukrainian Food Journal. 2018. Volume 7. Issue 3



Biotechnology, Microbiology ——

Production of CO,. 10 ml of M17 broth culture of the test strain incubated at 37 °C for
18 h covered the surface of the broth by molten overlay agar, precooled to 47 °C = 1 °C, to
a depth of 1 cm. Cultures were incubated for 1 week at 37 °C. The presence of gas is
evident when the agar layer detaches itself from the underlying contents.

Catalase reaction. Mixed equal volumes of the M17 broth culture, incubated set at 37
°C for 18 h, with 150 g-1"" hydrogen peroxide in a tube fitted with a rubber stopper. Gently
turn the tube upside down once to favour mixing, and observe for bubbles of oxygen
forming in the broth at room temperature over 20 min.

Action in litmus milk. In 10 ml of litmus milk (70 g litmus in 1000 mL skimmed milk)
was introduced a loop of studied culture. Litmus milk acidified by S. thermophilus turns
pink and then coagulates. After coagulation the colour remains pink due to very slow and
often incomplete reduction of litmus, with a more intensely coloured upper ring.

Thermoresistance. Into 5 ml of skimmed milk by loop was introduced studied strain,
incubated set at 37 °C for 4 h. After, the tubes were placed in the water bath at temperature
of 60 °C for 30 minutes, and then cooled. Finally, the samples were incubated at 37 °C for
24 h. Acidified or coagulated milk means thermoresistance of studied strains.

Growth in the presence of sodium chloride. Inoculated tubes containing M17 broth
with 20 g-1" and 40 g-1" NaCl incubated for 7 days at 37 °C. Presence of turbidity in the
tube indicates the culture growth.

Growth in the presence of methylene blue. Inoculated skim milk supplemented with 0.1
gel" and 1.0 g-1" of methylene blue solution were incubated at 37°C. Coagulation or its
absence was visually determined at 12, 24 and 48 h. for 48 h. S. thermophilus does not
grow in presence of methylene blue.

Growth at pH 9.6 was observed after 48 h of incubation at 37 °C in M17 broth which
pH was adjusted to 9.6.

Isolation of EPS. 100 ml of yoghurt were centrifuged at 837 rad-s™ for 10 min and 17
ml of trichloracetic acid (Chimprom, Ukraine) were added to each sample. Samples were
cooled up to 4°C and again centrifuged at 837 rad-s™ for 10 min. Precipitation of EPS from
samples was provided using cold ethanol (1:3). The samples were kept in the fridge for 24 h
and then centrifuged (40°C, 837 rad-s™, for 10 min).

(GTG)s-PCR fingerprinting

Total genomic DNA was extracted from the colony material of each strain after
incubating them for 24 h in M17 broth (Merck, Darmstadt, Germany) at 37°C. DNA was
extracted from 1 ml of the broth centrifuged at 5000xg for 10 min. A loop of culture was
transferred to 1 ml of distilled water, mixed and centrifuged at 10000-g for 5 min.
InstaGene suspension (Bio-Rad, Hercules, California, USA) was added to the sediment and
incubated at 56 °C for 25 min. Then the mixture was vortexed, incubated at 100 °C for 8
min, vortexed, centrifuged at 10 000 xg for 5 min and the supernatant containing DNA was
removed. A volume of 2 pl of the DNA solution was added to the Polymerase Cain
Reaction (PCR) reaction mixture (total volume, 25 pl) containing 10000 nmol-I"' (GTG)s
primer (5°-GTG GTG GTG GTG GTG-3°) synthesized by Qiagen (Hilden, Germany), 600
pmol-1" dNTP (Applied Biosystems, Foster City, California, USA), 1.5 pmol-1"' MgCl,, 1.5
U HotStarTag DNA polymerase (Qiagen) and 2.5 ul of 10x concentrated PCR buffer
supplied with the polymerase. PCR was carried out in a Biometra Personal thermal cycler
(Whatman Biometra, Gottingen, Germany) using a thermal programmeconsisting of the
initial denaturation at 95 °C for 15 min, 30 cycles of denaturation at 95 °C for 60 s,
annealing at 40 °C for 90 s, ramping at 0.1 °C-s™', and polymerization at 72 °C for 120 s,
followed by the final polymerization at 72 °C for 10 min. A volume of 12 pul of the PCR
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product was mixed with 1.5 pl of the loading buffer and analyzed by electrophoresis in a
1.5% agarose gel Seakem LE (FMC Bioproducts, Rockland, Maine, USA) for 5 h at 2.3
V-em™. Molecular size standard nx250 bp (Invitrogen, Carlsbad, California, USA) was
electrophoresed in every fourth lane along with samples. The gel was stained with ethidium
bromide for 30 min, destained in distilled water for 5 min, visualized under UV light and
photographed with a digital camera. Rep-PCR profiles were compared with reference
strains from culture collections.

Sample preparation for FTIR spectroscopy

S. thermophilus strains were cultured in pure cultures in M17 medium for 24 h at 37
°C. The cultures were decimally diluted with 0.9% NaCl and binary mixtures were
prepared from the dilution 10, A volume of 0.2 ml of the mixture was streaked on M17
agar and the plates were cultured for 72 h at 37 °C. Colonieswere picked directly from the
plate by an inoculation loop, based on visual evaluation of colony morphology, and each
was suspended in 100 pl of distilled water. The suspension containing whole cells was
mixed by vortexing for 1 min and 35 pl of the suspension was pipetted on a position on a
96-position Zn-Se plate. The plate was dried for 45 min at 37 °C and immediately measured
by Fourier transform infrared (FTIR) spectroscopy.

FTIR spectroscopy

A Bruker Tensor 27 FTIR spectrometer quipped with HTS-XT module (Bruker
Billerica, Massachusetts, USA) was used. The spectrawere recorded in a range from 4 000
em™ to 400 cm™, with spectral resolution of 4 cm™ and 32 scans per sample. The spectra
were processed by OPUS software (Bruker Billerica, Massachusetts, USA), which involved
averaging of 32 scans, calculation of first derivative by Savitzky-Golay algorithm with 9
smoothing points, and vector-normalization in the region from 1780 cm™ to 720 cm™.
Cluster analysis was carried out by OPUS software on the basis of Euclidean distances
using Ward’s algorithm, heterogeneities being assigned values from 0 to 2.

Strains employed

Six single-strain cultures were used for starter culture formation: EPS-producing
Streptococcus thermophilus LB-50 and Streptococcus thermophilus LB-51, non-EPS
Streptococcus thermophilus 1B-52, Streptococcus thermophilus 1B-53, Streptococcus
thermophilus LB-54 and Lactobacillus delbrueckii ssp. bulgaricus LB-42 belonging to the
National Collection of Non-Pathogenic Microorganisms of the Institute of Microbiology
and Biotechnology (CNMN IMB), previously selected from raw milk. The selected strains
were propagated three times consecutively using 0.1% inoculum volume in 10%
reconstituted skim milk (InLac, Republic of Moldova) at 40°C until coagulation. Working
strains (pure culture 10mL) were gradually associated by inserting into 30 mL of sterile
skim milk and incubated at 40°C until coagulation (pH 4.6). Three mixed-strain starter
cultures were used to make yoghurt samples for studying the influence of the EPS on the
quality of the final product as follows: two EPS-starter culture consists of S. thermophilus
CNMN-LB-50, CNMN-LB-51 si Lb. bulgaricus CNMN-LB-42; S. thermophilus CNMN-
LB-50, CNMN-LB-52 si Lb. bulgaricus CNMN-LB-42 non-EPS starter culture — S.
thermophilus CNMN-LB-52, CNMN-LB-53, CNMN-LB-54 si Lb. bulgaricus CNMN-LB-
42. Non-EPS starter culture served as control.

Yoghurt production

Samples of yoghurt were manufactured under industrial conditions using milk
produced by JLC Group (Chisinau, Republic of Moldova). The milk was pasteurized at
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71°C during 15 s and cooled down to 40°C. Two samples of yoghurt were produced:
sample 1 using EPS-producing starter culture and sample 2 with non-EPS starter culture.
Samples of yoghurt were incubated at 37°C until pH decreased to a value of 4.5, then kept
at 4°C.

Milk acidification. To 10 ml of milk clot was added 20 ml of distillate water, 3 drops of
phenolphthalein solution and agitated. Then titrated with a 0.1 mol-1" sodium hydroxide
solution till the solution has been turned to pink. 1 ml of 0.1 mol1" sodium hydroxide
standard solution correspond to 0.009 g lactic acid.

Enumenarion of the total viable count of LAB was performend using standard pour
plate technique. S. thermophilus and L. delbrueckii subsp. bulgaricus were incubated
aerobically at 37 °C for 48 h. The total counts were expressed as logl0 CFU-g" of the
product.

Antimicrobial activity of selected strains was performed by using disc diffusion
method. As the test-culture were used Staphilococcus aureus ATCC® 25932™,
Escherichia coli ATCC® 25922™, Five sterile paper blank discs were placed on the agar
plate which was inoculated by indicator strains and the filtered supernatant of S.
thermophilus strains were applied on the surface of each discs. Plates were incubated at
37°C and zones of inhibition were observed. The inhibition zone was expressed in
millimeters.

The viscosity of yoghurt samples was studied with a digital rheometer DV-III
(BROOKFIELD, Canada) using the Rheocalc 32 software. Measurements were performed
at different rotation speeds up to 21 rad-s™. The viscosity measurement was carried out at a
temperature of 25 °C.

Statistical analysis

Data were expressed as means + standard deviations for triplicate determination.
Statistical analysis was performed using Microsoft Excel 2007. Differences were
considered to be significant at validity of a=0.95.

Results and discussion

The LAB selection for their use as starter cultures includes the strains isolation from
natural sources and study of their properties, which determines the industrial value.

Milk is the most complete medium for selecting LAB. The use of sterile skimmed milk
as a culture medium is more favorable for the growing of S. thermophilus. Thus, natural
selection of industrial valuable strains occurs.

The Streptococcus thermophilus strains were isolated from cow’s raw milk and
spontaneous fermentation dairy product samples collected from local markets in different
regions of the Republic of Moldova. Approximately 300 samples were studied for isolation
of S. thermophilus

S. thermophilus, according to Bergey’s Manual [7], are capable of developing at
temperature between 42-45 °C. Though, the optimal growth is between 3740 °C.
Therefore all samples were cultivated at 37 °C. At the final of the routine examination of
colony morphology and microscopy were selected 5 typical strains S. thermophilus for
further research.

The 5 selected isolates were initially examined using morphological and biochemical
tests (Table 1) and were classified as cocci growing in chains.
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All isolates were able to grow at 20 g-I"' of NaCl content and at 0.1 g-1" of methylene-
blue in M17 broth. In litmus milk acidified by isolates were observed coagulation and
reduction of pink colour. In additional 5 isolates fermented the lactose, saccharose, glucose
and not fermented esculine. It is well known that S. thermophilus possesses a high ability to
grow in a medium supplemented by lactose, glucose and saccharose [8, 9]. Inability to
ferment esculine, high sensibility to 40 g-I"' of NaCl content and lack of grow in 1 g1 of
methylene-blue distinguishes S.thermophilus species from Enterococcus genera [10].
According to the obtained results of morphological and biochemical tests the 5 isolates
were identified as S. thermophilus.

Table 2
Morphological and biochemical characterization of selected isolates

Code of isolates

Characteristics CNMN- CNMN- CNMN- CNMN- CNMN-
LB-50 LB-51 LB-52 LB-53 LB-54

Cell morphology Cocci in long chains

Gram staining + + + + +

Production of gas
(COy)

Catalase production - - - - -

Action in litmus
milk

Thermoresistance + + + + +

Growth in presence of

NaCl 20 [g-17] + + + + +

NaCl40 [g-1] - - - - -

methylene blue 0.1
[g1']

methylene blue 1.0
[g1']

pH9.2

Glucose

+ + + + +
Lactose + + + + +
Sucrose + + + + +

Galactose - - - - -

Maltose - - - - -

Ramnose - - - - -

Manose - - - - -

Sorbita - - - - -

Esculin - - - - -

Xilose - - - - -

+= positive, -= negative
ACR - acidification, coagulation, reduction, Thermoresistance — growth after heating for 30 min at
temperature 60 °C.
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The PCR product visualization of (GTG)s PCR fingerprints are presented in Figure 1.

i PR Pl TG T8

Figure 1. PCR products for S.thermophilus isolates
L — HipperLadder 50 bp; 1 — S. thermophilus CNMN-LB-52; 2 — §. thermophilus CNMN-LB-50;
3 —S. thermophilus CNMN-LB-51; 4 — reference strain S. thermophilusA737; 5 — S. thermophilus
CNMN-LB-54; 6 — S. thermophilus CNMN-LB-53; 7 — positive control (S. thermophilus1241);
8 — negative control

DNA fragments were yielded 2 to 7 bands. The results confirmed that the similarity
level of the genes of the studied strains was 99% with the reference strains of S.
thermophilus.

The FTIR spectra of the 5 isolates were compared with the reference strain S.
thermophilus A737. The Pearson product-moment correlation coefficient was applied to the
studied strains across the spectra region from 4000 cm™ to 500 cm™ [11]. Naumann
established that the highest strain correlation is reached at the following intervals: from
3000 cm™ to 2800 cm™, 1500 cm™ to 1400 cm™ and 900 cm™ to 700 cm™ [12]. According
to this study, the correlation of 5 isolates showed 99% similarity with reference strain.

After isolation and identification all 5 isolates of S. thermophilus were deposited at
National Collection of Non-pathogenic Microorganisms of Institute of Microbiology and
Biotechnology (CNMN IMB).

The next step of our study was determination of technological properties of the selected
strains and their suitability for use as starter cultures. The fermentative activity of lactic
bacteria is the most important technological criteria for the appreciation of their use in dairy
industry. The intensification of the milk fermentation process and improvement of dairy
products quality can be achieved by using biochemically active LAB strains.

The evolution of acidification was monitored for all selected S. thermophilus strains, as
shown in Figure 2.
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Figure 2. Kinetics of titratable acidity of the S. thermophilus strains in milk

Data shows that the selected strains of S.thermophilus has a high speed of the milk
acidification for 5 hours. The selected strains had a different capacity of lactose
fermentation. S. thermophilus CNMN-LB-50, CNMN-LB-51, CNMN-LB-53 coagulate
skim milk in a 4+0.5 h, S. thermophilus CNMN-LB-52 and CNMN-LB-54 in 5£0.5 h.

The strain of S. thermophilus along with Lb. bulgaricus are used as starter culture for
yoghurt production. The main pathogens in the dairy industry are Escherichia coli,
Staphylococcus aureus, Clostridium botulinum, Listeria monocytogenes. These spoilage
bacteria are capable to survive during a production process. E. coli and S. aureus in dairy
products result from post-pasteurization contamination [13]. Therefore, one of the basic
parameters for technological interest of LAB selection is their antimicrobial activity. The
antimicrobial activity against E. coli ATCC 25922 and S. aureus ATCC 25923 of 5 selected
S. thermophilus strains were investigated using the agar-discdiffusion method [14] (table 2).

Table 2
Antagonism of E. coli and S. aureus by S. thermophilus isolates using agar-disc diffusion method

Code of strain Escherichia coli | Staphylococcus aureus
Zone of inhibition [mm]
CNMN LB-50 16+0.5 20+0.5
CNMN LB-51 18+0.3 20+0.3
CNMN LB-52 17+0.2 19+0.3
CNMN LB-53 16+0.2 19+0.2
CNMN LB-54 17+0.5 21+0.5
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Based on the results, a total of 5 analyzed strains of S. thermophilus showed inhibitor
properties against conditional pathogenic bacteria E. coli and S. aureus. Sterile area varies
between 16—18 mm against E. coli and 19-21 mm against the S. aureus. This indicate the
functionally properties of selected strains.

Many thermophilic LAB are capable to produce exopolysaccharide (EPS) that play an
essential role in texture forming of fermented products [15]. Therefore EPS producing
capacity of selected S. thermophilus strains are important technological property. In this
study were investigated all five selected strains on ability to EPS production.

As a result of the researches, two strains producing EPS were shown: S. thermophilus
CNMN-LB-50 520+10 mg-1" and S. thermophilus CNMN-LB-51 43610 mg-1". In the
case of strain S. thermophilus CNMN-LB-52, the amount of EPS was low — 24+5 mg-1™.
The other 2 strains produce EPS or their amount are very small, and probably co-precipitate
with the proteins upon of trichloroacetic acid addition and can no longer be detected after
precipitating with ethanol. In general, the EPS yield of strains ranges from 2 mg-1"' to 600
mg-1" in milk environment [16-18] and the EPS synthesis capacity is individual for each
strain of the same taxonomic group.

On the basis of the obtained results were developed 2 starter cultures for yoghurt
production: EPS-producing, non-EPS-producing starter culture, as a control sample served
the yoghurt fermented by industrial starter culture (S. thermophilus and L. bulgaricus). 3
sets of yoghurt were manufactured in the industrial conditions. The results obtained for the
yoghurt samples produced using starter cultures with selected S. thermophilus strains and
industrial curter culture (table 3) showed that the developed starter culture are suitable to be
used in yogurt production.

Table 3
Characteristics of yogurt samples
Parameters Yoghurt EPS Yoghurt non- Yoghurt industrial
EPS starter
Fermentation time [h] 4.0£0.1 4.2+0.1 5.0£0.1
LAB cout [logl0 8.8+0.2 8.4+0.3 8.3+0.2
CFUg"]
Titratable acidity [g 0.645+0.01 0.633+0.01 0.626+0.01
lactic acid]
EPS [mg-1"] 651+10 - -

Furthermore, developed starter culture possessed the highest fermentation activity
comparative with the control sample. The viable count of LAB was at the same level for all
samples. No difference was observed between titratable acidity between samples. In
additional, the use of EPS starter culture increase the apparent viscosity that improve the
consistency of yoghurt due to microstructure formation where EPS binds free water with
the lipid and protein complexes of the product [19, 20].
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Conclusion

As a result of the presented research was demonstrated the possibility of isolation from
Moldavian raw milk and dairy products of spontaneous fermentation of autochthonous S.
thermophilus strains with valuable biotechnological properties for industrial application,
such as high antibacterial activity and EPS-producing capacity. The five selected strains of
S. thermophilus showed characteristics adequate for their use as starter culture for yoghurt
production. Developed starter cultures characterized by intense acidification of milk
4.0+£0.2 h comparative with the industrial starter. The inclusion of EPS S. thermophilus
strain clearly improved the apparent viscosity of yoghurt.
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Introduction. The research was carried out to investigate
the concentration of heavy metals in fish and water samples
collected from different locations of Chittagong District,
Bangladesh.

Materials and methods. The concentrations of heavy
metals including Cr, Cu, Ni, Pb and Fe in sea water and marine
fishes (pama croaker, bombay duck and rat-tail anchovy) were
detected by using Air / Acetylene Flame Atomic Absorption
Spectrophotometer along Chittagong City areas, Bangladesh.

Results and discussion. The mean concentration of heavy
metals were found in water in the range as Cr 0.0138-0.0789
mg/L, Cu 0.0014-0.0284 mg/L, Ni 0.0259-0.2519 mg/L, Pb
0.0109-0.1596 mg/L and Fe 0.2176-1.787 mg/L. The analysis
of water samples showed that the distribution of heavy metals
in the order of magnitude as Fe > Ni > Pb > Cr > Cu. The
variation might be due to location, level of contamination in
water through industrial effluents and anthropogenic activities.
While the mean concentration of heavy metals were found in all
fish samples in the range as Cr 3.2039-16.3495 mg/Kg dry wt.,
Cu 1.5589-4.5848 mg/Kg dry wt., Ni 0.1101-1.9029 mg/Kg
dry wt., Pb 0.4373-2.7638 mg/Kg dry wt. and Fe 30.9599—
108.780 mg/Kg dry wt. The distribution of heavy metals in fish
samples analyzed were in the order of magnitude as Fe > Cr>
Cu> Pb> Ni. The analysis showed that magnitudes of heavy
metal were more or less similar with other researchers. The
variation might be due to metal accumulation in fish and
various fish species living in the same water body but different
level of contamination in water. Among all samples, 17% fish
samples had excess amount of Cr whereas acceptable limit is
15.0 mg/kg for fish. Mean concentrations of Pb in all fish
samples were 17% below detection level, 33% optimum and
33% higher than the maximum permitted concentrations (1.5
mg/Kg). Fe in all fish samples were 33% below, 17% optimum
and 50% higher than the maximum permitted concentrations
(43 mg/Kg) recommended by FAO/WHO.

Conclusions. Most of the fish species studied are safe to be
consumed. Therefore, this study is proposed to draw the
attention of health and environmental authorities in need for
appropriate regulatory framework.
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Introduction

Fish, as human food, are considered as a good source of protein, polyunsaturated fatty
acids (particularly omega-3 fatty acids), calcium, zinc (Zn), and iron [1]. Due to the lower
cost and higher nutritive value, it is one of the most important sources among the food
products of animal origin [2,3]. In future, seafood will be an vital source of food protein
and the safety for human consumption of products from aquaculture is of public health
interest [4].

Heavy metals are an important source of food contamination and health hazard. The
main threats to human health are associated with exposure to arsenic, cadmium, lead and
mercury and copper. Absorption of heavy metals through food has been shown to have
serious consequences on health— such as kidney disease, damage to the nervous system,
diminished intellectual capacity, heart disease, gastrointestinal diseases, bone fracture,
cancer and death [5].

Heavy metals are contaminants in the aquatic environment as well as became toxic
health threat for human. Fish play important role in condensing the toxicity of heavy
metals which have a great ecological significance due to their cumulative behavior and
toxicity [3].

The most anthropogenic sources of metals are industrial, petroleum contamination and
sewage disposal [6,7]. The aim of this study was to assess the levels of some heavy metals
in water and fish specimens caught from different localities in Chittagong coastal area,
Bangladesh. Public health importance and the hazardous toxic effects of these heavy
metals and fish contamination with these were discussed.

Materials and methods

Collection of water samples

The water samples were obtained from 12 sampling stations established along 5
regions (Figure 1). The sampling stations were chosen based on an experimental scheme
design following human activities in the area. These regions are main fishing centers of
Chittagong, Bangladesh and also, a variety of industries and touristic centers are
concentrated in these regions. Following the large volume of population and industries
located there, the five regions were selected to measure the heavy metals concentrations in
water samples during summer season (Table 1).

Table 1
List of sampling stations for water collection from Chittagong, Bangladesh
Sampling station Code Regions
W, -
Majhir Ghat

W, ajhir Gha
W; S

F B
W, iringi Bazar
gz Sea-resource Ghat
X; Chaktai Khal
Wy .

Uttar Kattoli
Wio
Wi, Uttar Kattoli Pond
Wi
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Collection of fish specimens

Pama croaker (Otolithoides pama), bombay duck (Harpadon nehereus) and rat-tail
anchovy (Coilia ramcarati) were collected from four different market in Chittagong
Metropolitan area, Bangladesh (Table 2). Twenty fish of each species were collected from
each market. The fish were washed with deionized water and wrapped separately in acid
washed polyethylene bags and were stored frozen at -20°C until analysis.

Materials

All reagents used in this work (HNO;, NaOH, HCI, KI, HCIO,, K,CrO,, NaBH,,
acetylene and argon gas) were of analytical grade and purchased from Merck (Germany).

Table 2
List of market for fish collection in Chittagong, Bangladesh

Location Fish Samples code

Pama croaker | Bombay duck | Rat-tail anchovy
Market 1 P, B, R,
Market 2 P, B, R,
Market 3 Ps B; R;
Market 4 P, B, R,

Bayazid

Wiz
Latifpur - Shaheed Zia
i Smiiti Complex & W,
$ o
- Pahartali Chittagong Veterinary 2 W

Dakah 7= G el =) and Animal 3

Kattali Sciences University I 2
sea Beach CRaicBega: Bakalia - [ Wig r
i "

S Kotwali

oo i

Double
Moering (&) Firingi Baz
Halishahar South Agrabad i =

EUGHET

0 500 m

Shikalbaha Naga

Bella Para

Wy

Patenga
Khejur o 1 ea——- Loy
Tola Beach S W W
o
Patenga W, :
Sea Beach
@ FiseryGher
0 2Km 0 500 m
S | | I |
¢ b

Figure 1. Location map of the study areas (Source: Google map, 2018)
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Preparation and analysis of water samples

The water samples were preserved by the addition of 1 ml of concentrated nitric acid
per liter until the time of analysis. The analysis of water samples was carried out according
to American Public Health Association [8]. They were filtered through 0.45 p membrane
filter. The required volume (100 ml) of the filtrate was used to measure heavy metal levels
in water samples by using Air/ Acetylene Flame Atomic Absorption Spectrophotometer.

Preparation and analysis of fish specimens

Fish samples were allowed for thawing and the skin of the fish was removed using a
plastic knife to avoid metal contamination. The muscles of fish were taken into pre-acid
washed crucibles and they were homogenized separately. The weight of each homogenized
sample was recorded. Then the samples were kept in a drying oven at 100" C for more than
24 hrs until a constant weight was observed. The dried samples were then ground into a fine
powder using a porcelain motor and a pestle. Powdered fish tissues were digested using a
dry ashing procedure [9]. They were filtered through 0.45 p membrane filter. The required
volume (100 ml) of the filtrate was used to measure heavy metal levels in water samples by
using Air/ Acetylene Flame Atomic Absorption Spectrophotometer.

At each step of digestion processes, acid blanks were prepared in order to ensure that
the samples and chemicals used were not contaminated. They were analyzed by atomic
absorption spectrophotometer. Each set of digestion has its own acid blank and was
corrected by using its blank.

Each standard solution was measured 3 times and the mean were plotted. A blank
solution of distilled water was used to check accuracy of the standard solutions and it was
run after every 10 samples.

The metal content will be calculated using the formula:

C=CAAS'V
w

where C — concentration (mg Kg™or ppm dry wt.)
Caas — concentration of the element through AAS (ppm)
V — volume made up

Data Analysis

The data obtained from the experiments were statistically analyzed for find out mean
and standard deviation among the various samples in triplicate. Data were analyzed using
the software, IBM SPSS Statistics, version 20 at the 0.05 level.

Results and dscussion
Heavy metal in sea water

The Mean concentrations and associated standard deviations of Cr, Cu, Ni, Pb and Fe
in sea water are presented in Table 3. The mean concentration of heavy metals were found
in water in the range as Cr 0.0138-0.0789 mg/L, Cu 0.0014-0.0284 mg/L, Ni 0.0259-
0.2519 mg/L, Pb 0.0109-0.1596 mg/L and Fe 0.2176-1.787 mg/L. The distribution of
heavy metals in water samples analyzed were in the order of magnitude as Fe > Ni > Pb >
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Cr > Cu. Ismail and Saleh (2012) [10] detected heavy metals of water in the order of Fe >
Cu, whereas concentrations Pb was below the detection limit. According to El-Kattan
(2018) [3], the contents of heavy metals in water were in the order of degree as Cr > Cu >
Pb > Fe. Kumar ef al. (2013) [12] also found heavy metal concentrations in Ennore creek
sea water decreased in the order of Cu > Cr > Ni > Pb. The analysis showed that
magnitudes of heavy metal were more or less similar with Ismail and Saleh (2012) [10]
reported but differ from Ambedkar and Muniyan (2012) [11] and Kumar et al. (2013) [12].
The variation might be due to location, level of contamination in water through industrial

effluents and anthropogenic activities.

Table 3
Concentration of heavy metal in sea water*
Sampling Cr (mg/l) Cu (mg/1) Ni (mg/l) Pb (mg/l) Fe (mg/l)
station
Code
W, 0.0530+0.0034 [0.0251+0.0038 |0.0259+0.0091 {0.1555+0.0130 | 1.140+0.0340
W, 0.0252+0.0234 10.0188+0.0053 |0.0384+0.0017 |0.1596+0.0204 | 1.270+0.0586
W3 0.0303+0.0244 10.0163+0.0039 |0.2350+0.0064 [0.0118+0.0013 | 1.196+0.0387
W, 0.0138+0.0123 |0.0284+0.0060 [0.2519+0.0035 [0.0109+0.0054 | 1.280+0.0206
W;s 0.051840.0173]0.0119+0.0070]0.0568+0.00390.1379+0.0141 | 1.252+0.0179
We 0.0789+0.0197 |0.0081£0.0057 [0.0815+0.0026 [0.13134+0.0241 | 1.342+0.0431
W, 0.0310+0.0060 [0.0183+0.0034 |0.2007+0.0007 {0.0265+0.0039 | 1.787+0.0088
W 0.0168+0.0058 [0.0259+0.0021 |0.2024-+0.0026 {0.0129+0.0060 | 1.325+0.0063
Wy 0.0237+0.0096 [0.0035+0.0019 |0.1179+0.0049 {0.1196+0.0117 {0.33824+0.0150
Wio 0.0304+0.0230|0.0036+0.0013 {0.1348+0.0044 [0.1033£0.0190 |0.2848+0.0084
Wy, BDL 0.001440.0001 |0.177040.0037|0.0976+0.0049 |0.3475+0.0303
Wi BDL BDL 0.1998+0.0024 |0.0662+0.0336 |0.2176+0.0106

* Values are mean + standard deviation of triplet determinations; BDL=Below Detection Level

The highest concentration level of Cr was found in W4 (0.0789 mg/L), while the least
concentration was detected in W, (0.0138 mg/L). But Cr was found below the detection
level in pond water. Cu content in W, (0.0284mg/L) was higher followed by lowest in W,
(0.0014mg/L). In pond water sample (W;,) Cu was analyzed below the detection limit. The
highest Ni content was found 0.2519 mg/L in sample W, and lowest value 0.0259 mg/L for
sample W;. The maximum concentration of Pd was observed in W, (0.1596 mg/L) whereas
minimum concentration was observed in W, (0.0109 mg/L). The level of Fe was detected
highest in sample W5 (1.787 mg/L) and lowest in W, (0.2176 mg/L).

Kumar et al. (2013) [12] studied on the heavy metal content in sea water and showed
that the Cu ranged from 45.29 to 51.02 mg/L, Cr 11.60 to 15.75 mg/L, Ni 12.01 to 15.69
mg/L and Pb 4.10 to 6.20 mg/L. Ambedkar and Muniyan (2012) [11] analyzed Cr, Cu, Pb
and Fe content in water. They found 0.70+ 0.026 mg/L Cr, 0.50 £0.025 mg/L Cu, 0.46 +
0.018 mg/L Pb and 0.32 + 0.015 mg/L Fe in water. The analysis detected that all water
samples were lower Cu, Cr, Ni and Pb content than the range reported by Kumar et al.
(2013) [12] and Ambedkar and Muniyan (2012) [11] but higher Fe content was found than
Ambedkar and Muniyan (2012) [11]. Accumulation of heavy metals in the aquatic
environments have been associated with urban runoff, sewage treatment plants, industrial
effluents and wastes, mining operations, boating activities, domestic garbage dumps and
agricultural fungicide runoff [13].
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Heavy metal in sea fish

The Mean concentrations and associated standard deviations of Cr, Cu, Ni, Pb and Fe
in sea fish (pama croaker, bombay duck and rat-tail anchovy) are presented in Table 4. The
mean concentration of heavy metals were found in all fish samples in the range as Cr
3.2039-16.3495 mg/Kg dry wt., Cu 1.5589—4.5848 mg/Kg dry wt., Ni 0.1101-1.9029
mg/Kg dry wt., Pb 0.4373-2.7638 mg/Kg dry wt. and Fe 30.9599-108.780 mg/Kg dry wt.
The distribution of heavy metals in fish samples analyzed were in the order of magnitude as
Fe > Cr> Cu> Pb> Ni. Jezierska and Witeska (2006) [14] detected heavy metals in live fish
usually follow the ranking: Fe > Pb > Cu > Cd > Hg. According to Ambedkar and Muniyan
(2012) [11], the contents of heavy metals in the all fish organs analyzed were in the order of
Cr > Cu > Pb > Fe. The analysis showed that magnitudes of heavy metal were more or less
similar with Jezierska and Witeska (2006) [14] reported but differ from Ambedkar and
Muniyan (2012) [11]. The variation might be due to metal accumulation in fish and various
fish species living in the same water body with different level of contamination in water.

Table 4
Concentration of heavy metal in sea water fish*
Fish Cr (mg/Kg Cu (mg/Kg Ni (mg/Kg Pb (mg/Kg Fe (mg/Kg
Sample dry wt.) dry wt.) dry wt.) dry wt.) dry wt.)
Code
P, 5.8931+0.4799|2.9826+0.0519| 1.2259+0.0201| 1.5247+0.1430|34.3399+0.7788
P, 3.6049+0.070214.0512+0.0246| 1.1303%0.0509| 1.7494+0.1561|78.4812+0.6901
Ps 5.7798+0.6082]2.8343+0.0615|1.0733+0.0423| 1.5914+0.2352|30.9599+0.6071
P, 3.5654+0.4884|4.0548+0.0246| 1.1680+0.0588| 1.6669+0.1727|79.2792+0.1692
B, 3.2039+0.2504|2.8581+0.0246| 1.9029+0.0217| 1.9964+0.0859|39.0306+0.7464
B, 4.145240.4207|2.155340.0292 | 0.8601+0.0469| 0.5675+0.0489 {34.9958+0.2801
B 3.2842+0.3392|2.6436+0.0292| 1.7545+0.0491| 1.5193+£0.2173|37.5378+0.2475
B, 4.3846+0.4186|2.1408+0.0604|0.7716+0.0073|0.4373+0.1759| 35.079+0.2426
R, 16.3495+0.480|4.5848+0.3676|0.9126+0.1773|2.7638+0.3460| 108.780+1.778
R, 9.7973+£0.3718|1.6085+0.1129|0.1101%0.0915 BDL 91.913+4.043
Rs 16.1246+0.584|4.1436+0.1514|0.5969+0.1071|2.5346+0.8953 | 106.618+1.289
R, 8.1584+0.3056|1.5589+0.3856|0.1459+0.1077 BDL 92.822+0.914

* Values are mean + standard deviation of triplet determinations; BDL=Below Detection Level

The highest concentration level of Cr was found in P; (5.8931 mg/Kg dry wt.), By
(4.3846 mg/Kg dry wt.) and R; (16.3495 mg/Kg dry wt.) in pama croaker, bombay duck
and rat-tail anchovy respectively. Contamination levels of heavy metal in fish are normally
compared to the permissible limits recommended by Food and Agriculture Organization
(FAO) and World Health Organization (WHO) [15]. In this research, 17% fish samples had
excess amount of Cr among all samples whereas acceptable limit is 15.0 mg/kg for fish
according to [15,16]. Furthermore, chromium is also more harmful in its lower oxidation
state (III). Chromium and chromates are potential carcinogens [17].
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The maximum concentration of Cu was observed in P, (4.0548 mg/Kg dry wt.), B,
(2.8581 mg/Kg dry wt.) and R; (4.5848 mg/Kg dry wt.) in pama croaker, bombay duck and
rat-tail anchovy respectively. Mean concentration of Cu in fish samples was lower
compared with FAO/WHO (1984) [15] permissible level (20 mg/Kg). Though copper is an
essential element that serves as a cofactor in a number of enzymes systems and necessary
for the synthesis of hemoglobin, very high intake of Cu can cause adverse health problems
for most living organism [18].

The level of Ni was detected highest in sample P4 (1.1680 mg/Kg dry wt.), B; (1.9029
mg/Kg dry wt.) and R; (0.5969mg/Kg dry wt.) and lowest in P; (1.0733 mg/Kg dry wt), B,
(0.7716 mg/Kg dry wt.) and R, (0.1101 mg/Kg dry wt.) in pama croaker, bombay duck and
rat-tail anchovy respectively. According to the FAO/WHO (1984) [15] maximum
permissible concentration is 80 mg/Kg for Ni in fish muscle. In this study, Ni concentration
for all studied fish species was lower than FAO/WHO standard [15].

Pb content in P, (1.7494 mg/Kg dry wt.), B; (1.9964 mg/Kg dry wt.) and R; (2.5346
mg/Kg dry wt.) were higher in pama croaker, bombay duck and rat-tail anchovy
respectively. It was found that mean concentrations of Pb in all fish samples were 17%
below detection level (BDL), 17% below, 33% optimum and 33% higher than the
maximum permitted concentrations (1.5 mg/Kg) recommended by FAO/WHO [15]. Lead
toxicity is known to cause musculo-skeletal, renal, ocular, neurological, immunological,
reproductive and developmental effects [11].

The highest Fe content was found in sample P, (79.2792 mg/Kg dry wt.), sample B,
(39.0306 mg/Kg dry wt.) and Sample R; (108.780 mg/Kg dry wt.) while the lowest value
was found 30.9599 mg/Kg dry wt. in sample P;, 34.9958 mg/Kg dry wt. in sample B, and
91.913 mg/Kg dry wt. in sample R, for pama croaker, bombay duck and rat-tail anchovy
respectively. It was found that mean concentrations of Fe in all fish samples were 33%
below, 17% optimum and 50% higher than the maximum permitted concentrations (43
mg/Kg) recommended by FAO/WHO [15]. Excess amount of iron causes rapid increase in
pulse rate and coagulation of blood in blood vessels, hypertension and drowsiness [17].

The presence of heavy metal in the fish sample might be due to untreated industrial
discharges, sewage effluents, illegal waste dumping activity, nearby chemical fertilizer
industries, domestic wastes and some anthropogenic activities.

Conclusion

Metal has a variety of unpleasant effects, which can impact individual health and
produce different harmful changes in human. Knowledge of heavy metal concentrations in
sea water and marine fishes are important in order to regulate the consumption of fish. The
distribution of heavy metals in water samples analyzed were in the order of magnitude as
Fe > Ni > Pb > Cr > Cu. On the other hand, among the metals analyzed in fish muscle, Cr,
Pb and Fe were with the highest concentration, while Cu and Ni had the lowest level
according to FAO/WHO (1984) [15]. Though the results reveal some higher heavy metal
content in fish, it is important to examine the metal concentration in fish through constant
monitoring. The metal contaminants perhaps pose little hazard to human for fish
consumption. Therefore, future studies should focus on health risks posed by metal
contamination in the other biological factor along with seasonal variations.
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Introduction. Analytical and natural researches of process of
cooling of a packing film of low density polyethylene (LDPE; high
pressure polyethylene) are conducted by the flowing-down water
film.

Material and methods. Pilot studies of cooling of the film are
conducted at the following parameters: film type — flat; speed of the
film — 0.03-0.50 m/s; sizes of the slot-hole distributor of a water
film: slot size — 0.4-0.8 mm, slot width — 300 mm; temperature of
the cooling water — 1540 °C. Rational parameters of process of
cooling are determined on the basis of mathematical modeling.

Results and discussion. Parameters of a liquid film change only
on an entrance zone and depend on liquid concentration, speed of the
polymeric tube and initial distribution of speed of the liquid at the
exit from a distributive ring. At high values of liquid concentration
(Re>20000) only the wall layer of liquid participates in heat
exchange.

For the film from LDPE its external surface hardens at distance
about 0.01 m from the beginning of contact with water, and an
internal surface — at distance about 0.10-0.15 m. Therefore the ring
for distribution of liquid needs to be established after the termination
of a blowing zone of the polymeric tubular workpiece. It is also
necessary to provide the steady movement of a continuous liquid
film on an external surface of a polymeric tube on length to 0.2 m
from the beginning of contact of liquid from the polymeric film.

Temperature of the cooling water in the range of 20-60 °C
significantly does not influence both intensity of cooling process,
and physical-mechanical properties of the produced polymeric film.

For thick films from LDPE (thickness more than 200 pm) and
over 1 m wide intensity of cooling is limited to the critical liquid
concentration.

For practical application of the received results the nomogram for
determination of volume liquid concentration of the cooling water,
and also volume productivity of the technological line depending on
the sizes of a ready tubular blown polymeric film is offered.

Conclusion. The scientific value of results consists in definition
of rational conditions of application of liquid cooling of the tubular
blown polymeric films produced by extrusion.
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Introduction

Process of cooling of an extruded tubular blown polymeric film significantly
influences productivity of the film technological line and quality of the produced product.
Due to relative simplicity of constructive and technological realization of process of
cooling the air method is the most widespread. However the air method of cooling can not
always correspond to high productivity of the basic machine of the film line, namely a
screw extruder, especially at production of thick polymeric films [1-4].

It is essential to increase efficiency and intensity of cooling of a polymeric tubular
blown polymeric film by means of its interaction with a film of the liquid which is flowing
down on its external surface. In this case the method of extrusion of a tubular polymeric
film with blowing according to the scheme "from top to down" is the most expedient
(unlike air cooling when the scheme "from below up" is the most acceptable).

However for the analysis of efficiency of process of cooling of the tubular blown
polymeric film with a gravitational film of liquid it is necessary to investigate
hydrodynamics of the liquid film which is flowing down on the moving firm surface and
also heat exchange between them.

Literature review and research problems

The main stages of technology influencing quality of tubular blown polymeric
packing films are processes of preparation of polymer melt in an extruder, a blowing of
workpiece of the polymeric tubular film at the exit from an extruder die, and also cooling of
the overblown polymeric tubular film.

The analysis of publications on a problem of production of tubular blown polymeric
films showed that the majority of them is devoted to numerical and experimental modeling
of separate stages of process of their production. At the same time the main attention is paid
to process of preparation of polymer melt in the extruder [5—9], to process of a shaping of a
polymer film bubble (the overblown polymer tubular film) [1], and also process of cooling
of the formed polymer film bubble with a stream of air [10].

For example, in work [11] production process, and also rheological properties of
fusion and tubular blown films of the polypropylene filled with various nanoparticles are in
detail considered. At the same time the formed tubular blown film was cooled on air.

The mathematical model of not isothermal process of a shaping of a tubular blown
polymeric film is given in work [12]. The analysis of average temperature of a tubular
blown film from the low density polyethylene and axial tension arising in it in the course of
a blowing is made. Cooling of a film is considered at its contact with air.

In work [13] properties of a tubular blown film from linear low density polyethylene
with an additive of hyperbranched polymer are investigated. The produced films differ in
high quality of a surface with high operational properties. The studied films were produced
by means of a single screw extruder with a diameter of screw of 25 mm and the relation of
length of the screw to its diameter 25:1. Cooling of a polymer bubble was carried out by an
air stream.

Work [14] investigates properties of a tubular blown packing film from polyvinyl
acetate with nanoparticles of starch. The polymeric film was made on a single screw
extruder with a diameter of screw of 35 mm; screw long 25 times more of its diameter and
extent of compression 1:3. The polymer bubble after its blowing was cooled on air.

Features of traditional technology of a tubular blown polymeric film on the basis of
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starch are also considered in works [15, 16].

In work [17] process of blowing and dynamics of further destruction of a
biodegradable tubular blown polymeric packing film on the basis of low density
polyethylene are considered. Cooling of the film after its blowing it is also carried out on
air.

Results of research of process of production of a biodegradable tubular blown film,
and also physical-mechanical properties of this film are considered in work [18].
Production of the film in this work is also considered by the method "from below up" with
cooling of the film on air. Results of similar researches for a biodegradable tubular blown
film on the basis of Polylactic acid are given in work [19].

Results of researches of process of orientation at production of tubular blown films
from various types of polyethylene are given in work [20]. Anisotropy of the films
produced by an extrusion method with their further cooling on air is also considered.
Results of similar researches are given also in work [21].

Possibilities of a blowing of tubular films from polyethylene and polypropylene are
considered in work [22].

In work [23] rheological aspects of process of a shaping of a polymer bubble with its
further cooling on air are in detail investigated.

Similar problems are also considered in works [24-28].

Works [1, 29] present results of mathematical modeling of process of cooling of
tubular polymeric products in a liquid stream. However the models given in these works are
not suitable for the analysis of process of cooling with the flowing-down liquid film.

Directly the problem of cooling of polymeric films is considered in work [30].
However these researches concern cooling to a flat polymeric film on the drum which is
partially shipped in a water bath. And results of mathematical modeling of process of
cooling of a tubular polymeric film by the flowing-down liquid film are given in work [31].
At the same time the analysis only of results of mathematical modeling of the temperature
field of epy polymeric film is made and stability of the polymer bubble and a liquid film in
this work were not considered.

The hydrodynamics and heat exchange of the flowing-down water film at its boiling
on a motionless vertical surface are investigated in work [32].

The majority of the settlement dependences of process of heat exchange which are
available in literature with participation of the flowing-down film of liquid are suitable for
motionless horizontal or vertical surfaces [33] that makes impossible carrying out the
analysis of process of film cooling for a mobile vertical surface.

As we see, the majority of researches of the last years concern the analysis of
properties of new polymeric compositions and films with their use. At the same time results
of researches of process of cooling of a tubular polymeric film with the liquid film which is
flowing down on it are practically absent. Therefore researches of process of liquid cooling
of hose polymeric packing films is actual.

The objective of the study is the analysis of process of cooling of tubular blown
polymeric packing films the flowing-down liquid film. It will allow to determine rational
parameters of process of cooling (type of cooling liquid, its temperature and a volume
discharge, and also cooling zone length) for cooling of a polymeric film up to the required
temperature in a definite time.

It is necessary to solve the following tasks to achieve the objective:

— theoretical investigation the liquid concentration size providing a condition of balance
of forces, acting on a polymer bubble at its cooling with the flowing-down liquid film;
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— experimentally confirm a possibility of practical realization of process of liquid
cooling of tubular blown polymeric films;

— formulate recommendations about rational realization process of cooling of tubular
blown polymeric packing films with the flowing-down liquid film.

Materials and methods
Materials

As material of the studied polymeric films low density polyethylene (LDPE) of two
types was used:
—  LDPE, type 1; density is 919.0 kg/m®; melt flow index of 2 g/10 min at a temperature
of 190 °C and load of 21.17 N;
—  LDPE, type 2; density is 920.5 kg/m’; melt flow index of 0.3 g/10 min at a temperature
of 190 °C and load of 21.17 N.

The studied samples of a polymeric film produced the next way.

The film sample by the sizes 1000x320x0.1 mm (along the polymer bubble) was cut
out from the polymer bubble in folded form produced on experimental-industrial working
plant. Then the long parties of a sample of the film fixed on a similar film substrate by
means of steel wires with a diameter of 0.5 mm. Then the film substrate in horizontal
position had on the flat electric heater. In the middle of the made package from one of its
short parties between a sample of the film and the film substrate placed jumped to thickness
of 0.1 mm thermojunction. After that at a temperature of 180 °C the prototype of the film
and the film substrate were welded among themselves. As a result received a monofilm 0.2
mm thick with sealed in its center (on thickness) the thermocouple.

Samples of a polymeric film of other thickness were similarly made.

Experimental installation

Authors developed the experimental stand for research of process of heat exchange at
a film current of liquid on a mobile polymeric surface. Also experimental-industrial
installation (working plant) was developed for production of a tubular blown polymeric
film with liquid cooling on which operating modes of formation of the polymer bubble and
a design of the liquid cooling system were fulfilled.

Basic elements of the experimental stand are a head for distribution of the liquid film
and the studied flat sample of a polymeric film.

The head is executed in the form of the plane-parallel slot-hole distributor with
regulation of distance between sponges (within 0.4...0.8 mm) and slot of 300 mm wide. At
the same time as cooling liquid the tap water which is previously purified by means of the
filter with a temperature of 15...40 °C was used. Regulation of water temperature was
carried out by means of the heat exchanger supplied with resistance electric heaters. The
volume flow rate of water was regulated the valve, and measured by the rotameter. Also
after each experience carried out control measurement of volume of water by a volume
method by means of a measured vessel and a stop watch. Water temperature on an entrance
and an exit of the studied sample of the polymeric film was measured by the thermocouples
installed in the camera of a distributive head and before a reception funnel.

The prototype of the polymeric film with a film substrate the long parties was fixed on
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links of two vertically located infinite chains which covered driving and tension asterisks of
the pulling device. At the same time the thermocouple of the film sample was connected to
measuring equipment. The run of the film was carried out from the reversive electric motor.
The film run in the vertical direction was limited to two limit switches. The working film
run — vertical from top to bottom with the regulated speed (0.03-0.50 m/s), and idle run —
from below up with a constant speed.

Heating of the polymeric film prototype was carried out thermal radiation from the
thermal screen the size 0.3x1,0 m supplied with the flat electric heater of resistance.
Temperature of the screen was maintained automatically by means of the device of thermal
automatic equipment. For providing the "soft" mode of heating of the sample it was carried
out not only regulations of power of the electric heater of the screen, and distance between
the screen and the sample.

Steel wires at the edges of the double thickness monofilm during experience played a
role of peculiar thresholds, providing at the same time a current of the liquid film, uniform
on sample width.

Research was conducted in the following sequence.

By means of chains the sample of the polymeric film is established in extreme top
point (at the same time the top limit switch works). After that the necessary mode of
heating of epy film with the thermal screen before achievement by a sample of epy
polymeric film of necessary temperature was provided.

Then the necessary volume flow rate of water of a certain temperature which at the
exit from a head in the form of a flat film flew down on the motionless directing plate
established under a sample of the polymeric film and at last got to a reception funnel was
provided.

After that the drive of the pulling device was switched on. At the same time chains
with the set speed moved the polymeric film sample concerning the distributor of a water
film, the sample began to contact to water and was gradually cooled, the lower limit switch
of the stand did not work yet. During the movement of the studied sample of a polymeric
film the thermogram of its cooling continuously registered.

Thus, at the experimental stand it was possible to conduct numerous researches of
cooling process of a certain sample of the polymeric film under various conditions: a
volume flow rate of the cooling water, its initial temperature, and also speed of the
movement of the sample of the polymeric film.

Experimental-industrial installation for production of the tubular blown polymeric
film is developed on the basis of the line for production of a tubular blown film according
to the scheme "from above-down". Installation consists of a single screw extruder, an
extrusive ring die with the central feeding of melt below which the ring for formation of the
water film on an external surface of the polymer bubble is located. For elimination of
possible cross fluctuations of the polymer bubble below the liquid distributive ring the
stabilizing device with system of the rollers made of a polytetrafluorethylene (teflon) which
evenly on a circle contact to the bubble is mounted. Under these device it is mounted the
putting and pulling devices executed in the form of two cheeks located at an angle to each
other and two rubberized rolls, respectively (Figure 1).
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13
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Figure 1. Experimental-industrial installation for production
of the tubular blown polymeric film:

1 — extruder ring film die; 2 — the film cooling system with a distributive ring; 3 — tubular blown
polymeric film; 4 — film of cooling water; 5 — the putting cheeks; 6 — the pulling rolls; 7 — bathtub for
water reception; 8 — drain branch pipe for maintenance of water level in the bathtub; 9 — electrical
heater; 10 — filter; 11 — pump; 12 — regulating valve; 13 — rotameter; 14 — resistance thermometer

On the made experimental-industrial installation (working plant) a number of
experiments on production of tubular blown films from LDPE in the wide range of values
of productivity of the extruder, volume flow rate and reference temperature of the cooling
water, and also film thickness depending on conditions of production of the polymeric film
was carried out.

Mathematical modeling

Earlier authors developed mathematical model of process of liquid cooling of the
tubular blown polymeric film [31]. This model contains the equations of the movement and
continuity for the liquid film current by gravity, the equations of conservation of energy for
the polymeric film and the liquid film, and also the corresponding initial and boundary
conditions on the speed and temperature.

The developed model allows for the set film speed (extruder productivity) and
parameters of the film to determine length of a cooling zone or for the set length of a
cooling zone to determine the maximum speed of the film with the set parameters.
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Results and discussion
Theoretical researches
For determination of design and technological data of cooling process of the tubular
blown polymeric film we will consider balance of forces, acting on the polymer bubble

limited to two sections: melt exit section from a ring extrusive die and section through
contact of the pulling rolls (Figure 2):

|
|

\+P+G+P, +F +F, +F, =0, (1)

T

where E) is the viscoelastic stretching force operating in the bubble basis (it is result of action

of other forces applied to the bubble), N; P is force from action of pressure of air inside the

bubble, N: G is weight of the bubble, N; IBW is force of a high-speed pressure of a stream of
liquid at the exit from the distributing device of a liquid film, N; ﬁ'r is bubble stretching force

from the pulling rolls, N; ﬁfp is bubble friction force on cheeks of the putting device, N; Ffw is
friction force between the polymer bubble and a film of liquid, N.

Let's write down dependence (1) in projections to a longitudinal axis of the bubble

Fy+P-G-PF, cosy—F +F,—F, =0. (2)

Now we will consider each of components of dependence (2).
The viscoelastic stretching force operating on the bubble basis

Fy =27n1,6,0, ,
where ry and §, are initial radius and initial thickness of the polymeric tubular workpiece (initial
polymer bubble) at the exit from the extrusive die, respectively, m; o, is the longitudinal
tension of stretching in the bubble at the exit from an extrusive die, Pa.
Force from action of pressure of air in the bubble is
P =7z(r52 —roz)Ap R
where r, is bubble radius after its blowing, m; Ap — excessive pressure in the bubble, Pa.
The weight of the polymer bubble is equal
G=G +G,+G,, (3)
where G, is weight the bubble on the blowing zone, N; G, is weight of the bubble of a
cylindrical form on the zone from the place of contact of the bubble with liquid to the zone of

folding of the bubble, N; G; is bubble weight on the zone from the place of folding of the
bubble to the pulling rolls, N.
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Figure 2. The scheme of forces operating on the polymer bubble at liquid cooling
(explanations in the text)

Let's analyze the components of formula (3).
Bubble weight on the blowing zone is [1]

G = 27rr050pg[

Vo

(H,~h)In >+ |, )
s Vo Yo

where g is acceleration of gravity, m/s’; v, is speed of tubular workpiece at the exit from the
extrusive die, m/s; v is speed of the formed bubble at the exit from the blowing zone, m/s; H, is
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distance from the beginning of blowing zone prior to contact of the bubble with liquid (the
blowing zone), m; 4 is distance from the extrusive die prior to the beginning of blowing zone, m.

Taking into account practice of production of tubular polymeric films their stability
during cooling with the film of liquid is maximum in a case when % =0. Then dependence
(4) takes a form

Gl=27zr050Hlpg[ Yo h&} (5)

Vs ™V Vo

The weight of the cylindrical part of the bubble on the zone from the place of contact
of the bubble with liquid to the zone of folding of the bubble

G, =2nr6,pglL, . (6)

where 3, is bubble thickness after its blowing, m; Ly, is length of the continuous liquid film flow
zone, m.

Bubble weight on the zone from the place of the bubble folding to the pulling rolls

G, =2n1’5,pg ctgg , (7)

where f is angle of folding of the polymer bubble.

Taking into account expressions (5)—(7) dependence (3) will equal

In V—SJ + 27[}"85Spg(wa + rsctggj .

Vs ™V Vo

Vo

G= ZEroéoHlpg[

Force of a high-speed pressure of a ring liquid stream

P, =nrH pwl7 2
where H is width of slot of the distributive ring of liquid, m, m; p,, is density of liquid, kg/m’;
U is average speed of liquid in a point of contact with the polymer bubble, m/s.
Friction force between the polymer bubble and the liquid film is
Fiy = SiThy »
where Sy, is surface area of the polymer bubble length Lg, (from the place of the beginning of

contact of the bubble with liquid to the place of a rupture of the continuous ring film of liquid
on separate streams), m; Tg, is tangent tension on contact border "polymer — liquid", Pa

Twall =8 gp w2
where § is average thickness of the liquid film of on the zone of its steady current length Lg,,
m.
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We will determine the average thickness of the liquid film on the zone by length Lg,
from dependence [34]

233
V“’J [Re(1£11)]"" if Re(1+I1)>1600,
g

3:0,457[

where v,, is kinematic viscosity of liquid, m%s; II =U, /U — the simplex considering the

relative speed of the liquid film; U, is speed of the polymer bubble, m/s; U is average speed of
a current of the liquid film on the zone length Lg,, which is equal to the average speed of liquid
in a point of initial contact with the polymer bubble, m/s.

As the volume fluid flow rate is to constants (losses on evaporation in environment we
neglect), taking into account expression for irrigation density I', = UH the component of a
high-speed pressure takes a form

_ I
PW = ﬂrsbwpwUz COS)/ =W s

where b,, is liquid stream width at the beginning of contact with the bubble, m (with an
accuracy, sufficient for engineering calculations, it is possible to accept that b, = H ).

Bubble friction force on cheeks of the putting device F§, depends on pressure in the
bubble, coefficient of friction of polymer on material of cheeks at this temperature and the
area of contact of the bubble with cheeks.

In the analysis of dependence (2) practical value has a case when polymer melt is
extended not by effort from the pulling rolls, and a body weight and force of a high-speed
pressure of the liquid stream Fy.

Let's assume that F, = Fy , then dependence (2) takes a form

F()+7z(;;2—r02)Ap—G—ggprrw —nrHp, U’ cosy =0. ®)

Then taking into account the given dependences expression (8) will have an
appearance

1 1
3v2 3| 4T 3 2arp, Il cosy
— S W — VY Re(1+11)| - =W v 2277

w

)

1 1
3yl | 4T 32 r;
=0-gp,S,, M " Re(1+11) _ETPw y COSY
4g v H
In case of supply of liquid on a normal to a longitudinal axis of the polymer bubble
that usually takes place in practice, the component of a high-speed stream of a pressure of
liquid becomes equal to zero. Then taking into account that S; =27rL,, the equation of

w

balance of forces (9) will finally take a form
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1
3v2 Vo [4r 5
—2ﬂi;5spg(wa+rsctg£j—27zrsgprfw Y “Re(1+10) | =
2 4g v

w

(10)

1
23| 4r 3
=0—27zrs5spg(wa+rsctg§j—27trsgprfW[i"wJ { VRe(1+H)} =0
g %

From dependence (10) define the value of volume cooling water concentration Iy,
satisfying the condition of balance of forces (1) in the process of liquid cooling of the
polymer bubble.

From dependence (10) critical values of volume cooling water concentration for
tubular films of a different standard size from LDPE were defined. As in the specified
dependence unknown sizes are both I'y, and Lg,, which in turn depends on I'y, calculations
carried out by method of consecutive approximations.

On critical values of volume cooling water concentration I'y counted the volume
productivity of the technological line ¢g (or the speed of an exit of polymer melt from the
extrusion die vy) from the condition of achievement of necessary temperature on an internal
surface of the polymer bubble.

The nomogram for determination of volume cooling water concentration, and also
volume productivity of the technological polymeric film line depending on geometrical
parameters of a ready polymer bubble is given in Figure 3.

q, gs '8 T |
20 um 5 00
um
B=2.0 m)*
200
B=1.5 m(//% 852100 um
150 P ,
5 10m A\&\j 8,50 pm
100
B=0.55m /\\ N szo—&m
B=0.25 m A i&§
0 0.5 1.0 1.5 20 T,10° m¥s

Figure 3. The nomogram for determination of extreme values of volume liquid concentration G,
and productivity of the technological line ¢ from the geometrical sizes of the tubular blown
polymeric film (film thickness 8, and width of polymer bubble in folded form B)

As a result of theoretical researches of process of cooling of extruded tubular
polymeric films with the flowing-down water film it is established that at the liquid

concentration (T, >5.03-107 m?/s, or Re>20000) arise essential power load of the
polymer bubble. Besides, at such high liquid concentration only the wall layer of liquid
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participates in heat exchange that leads to its over-expenditure.

Therefore when carrying out parametrical calculations it is necessary to define critical
value of volume liquid concentration which can sustain the polymer bubble of a certain
diameter and thickness.

Apparently from nomogram given on Figure 3, the greatest effect of liquid cooling
can be reached at production of films with a width of the bubble in folded form to 1 m.

Experimental researches

Parameters of processes of production of tubular blown films of LDPE (types 1 and 2)
on experimental-industrial working plant are specified in Table 1.

Table 1
Parameters of processes of production of tubular blown films of LDPE of 1 type and type 2 (in
brackets)
Unit of measure of | Absolute value of physical
Parameter . . .
physical quantity quantity
.. . . 17.3-69.4
Mass productivity of installation g/s (16.2-68.3)
Speed of the movement of the
polymer bubble (stretching speed) m/s 0.07-0.5
Width of the polymer bubble in m 0.25: 0.5
folded form
Thickness of the polymeric film mm 0.06-0.2
Melt temperature at the exit from an o
S C 180
extrusive die
Volume consumption of the cooling 10° m/s 0.25-0.92
water
Volume water concentration 10° m%/s 0.35-0.88
Initial temperature of the cooling oC 20-60
water
Length of the zone of the continuous
current of the liquid film m 0.15-0.8
Width of the ring slot of water m 04-08
supply

Follows from table 1 that length of a zone of liquid cooling of the polymer bubble
does not exceed 1 m while length of a zone of traditional air cooling of the polymer bubble
can reach several meters [1].

Physical-mechanical properties of the tubular blown polymeric film from PEVD, type
2, received at liquid cooling are given in Table 2.
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Table 2
Physical-mechanical properties of the tubular blown polymeric film from LDPE, type 2

Sample Ultimate strength of the Tensile strain, % Temperatl‘lre of
film, MPa the cooling
No o

along across along across water, °C

1 20.1 18.9 458 508 20

2 20.6 18.5 432 500 60

3 20.3 18.6 440 512 40

4 19.8 18.1 453 497 50

5 20.9 19.3 439 506 60

Further researches of cooling process of the film were conducted at a temperature of
cooling water of 20 °C which corresponds to the average temperature of cold water in a
water supply system.

Also influence of a ratio of length of the bubble blowing zone (distance Ly from the
extrusive die to the line of contact of cooling liquid with the polymer film bubble) and
diameter of the bubble D on process of formation of the film on condition of ensuring
stability and stability of liquid cooling was investigated.

It is shown that under a condition L /D, <0.5 on the bubble blowing zone has the

parabolic form (a convex form), under a condition 0.5<L_ /D, <1,0 — conic, and under a
condition L /D, >1.0 — the neck is formed (a concave form). At the same time it is

proved that the bubble with a parabolic form blowing zone the steadiest, and the films
received thus are characterized by a minimum of anisotropy of properties.

Results of researches of physical-mechanical properties of the tubular blowing film at
the following data are given in Table 3: diameter — 350 mm, blowing degree — 1.4, the mass
productivity of the extruder — 16 g/s (57.6 kg/h). Apparently from tab. 3, length of the
blowing zone (or the ratio L, /D,) insignificantly influences physical-mechanical

properties of the produced film, however, as it was specified, with increase L, /D,
stability of process of a shaping of the film is broken.

Table 3
Physical-mechanical properties of the film depending on length of a blowing zone

L,./D, Ultimate strength of the film, MPa Tensﬂ;)stram,
along across along | across
0.343 22.7 22.5 750 775
0.429 22.1 22.0 762 785
0.600 22.8 22.6 770 735
0.857 21.0 22.1 745 780

Results of numerical modeling of process of cooling of the tubular blown polymeric
film with the flowing-down film of liquid [31] showed satisfactory compliance to data of
experimental researches.
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Conclusion
The following conclusions can be drawn, based on the obtained results:

1. Parameters of the liquid film (a speed profile, film thickness) change only on an
entrance zone and depend on density of liquid concentration of the polymer bubble and
initial distribution of speed of the liquid film at the exit from a distributive ring.

2. At the high values of liquid concentration providing the developed turbulent mode of a
current of the liquid film (Reynolds number over 20000), only the wall layer of liquid
participates in heat exchange.

3. For the film from LDPE its external surface hardens at distance about 0.01 m from the
beginning of contact with water, and an internal surface — at distance about 0.10-0.15
m. Therefore the ring for distribution of liquid needs to be established after the
termination of a blowing zone of the polymeric tubular workpiece. It is also necessary
to provide the steady movement of a continuous liquid film on an external surface of a
polymeric tube on length to 0.2 m from the beginning of contact of liquid from the
polymeric film.

4. For thick films from LDPE (thickness more than 200 um) and over 1 m wide intensity
of cooling is limited to the critical liquid concentration.

5. For practical application of the received results the nomogram for determination of
volume liquid concentration of the cooling water, and also volume productivity of the
technological line depending on the sizes of a ready tubular blown polymeric film is
offered.

6. Temperature of the cooling water in the range of 20-60 °C significantly does not
influence both intensity of cooling process, and physical-mechanical properties of the
produced polymeric film.

7. Extreme values of degree of the polymer bubble blowing (K,=2) and degree of
stretching (K~=4) from LDPE are established. It is shown that the limiting stage in
production of thin films (thickness of 40 pm and less) with a speed of receiving not
less than 0.5 m/s is not process of cooling, and physical-mechanical properties of the
film (in particular anisotropy of its properties).

The obtained results of researches allow to determine rational parameters of
technological processes of producing tubular blown polymeric films.
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Introduction. The study was conducted to confirm the
feasibility of using aluminum hydroxide in the process of extracting
sucrose from sugar beet shavings to increase the structural and
mechanical properties of beet tissues.

Materials and methods. Investigation of the influence of
aqueous solutions of additional reagents on the structural and
mechanical properties of beet tissue by the method of hydraulic
pressing of samples of sugar beet tissue of cylindrical shape from a
geometric dimensional specification. Before that, each of the
samples obtained was subjected to heat treatment in aqueous
solutions of various reagents at a temperature of 70-72 °C with an
experiment duration of 60 minutes.

Results and discussion. Processing of samples of beet tissue
with additional solutions of aluminum sulfate, calcium sulfate,
aluminum hydroxide and combinations thereof during extraction at a
temperature of 7072 °C will reduce the degree of deformation of
samples of beet tissue compared to a sample that has not been treated
with additional reagents. The degree of a beet tissue sample treated
with a solution of nanosized aluminum hydroxide is 18% lower than
the control sample without processing with additional reagents. This
result can be explained by the high chemical activity of the
aluminum hydroxide reagent. The ions of this compound are capable
of forming in the surface layer of tissue fairly stable, insoluble
complex compounds with pectin and protein substances, which,
adsorbing on a layer of beet tissue, form something similar to the
molecular framework, which increases the stability of beet tissue to
compressive loads.

The quantity that can accurately describe the quality of beet
tissue, its ability to restore its shape and elasticity during periodic
compressive loads, is precisely the elastic modulus. During the heat
treatment at a temperature of 70-72 °C the elastic modulus of
samples of beet tissues, which was subjected to treatment with
additional reagents, is 35-40 % higher than a sample of beet tissue
without processing with additional reagents.

Conclusions. Application in the process of extraction of
nanosized aluminum hydroxide, will ensure the integrity of the
structure of beet tissues in the processes of extraction and
compression; ensures the high quality of extractant, diffusion and
purified juice.
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Introduction

The speed and quality of the flow mass exchange processes in the extraction of
sucrose from sugar beet shavings most significantly affect the structural and mechanical
properties of beet tissue, such as its strength, elasticity and resilience. The traditional
diffusion and press method for extracting sucrose from sugar beet shavings with the return
of pulp-pressed water for extraction does not always provide the necessary degree of its
extraction. The maximal effective extraction of sucrose from sugar beet shavings can be
achieved in such a mode of the whole process, when beet tissue have optimal parameters of
elasticity and durability. In view of this, today the issues of improving the structural and
mechanical properties of sugar beet shavings, namely, the preservation of the integrity of
the structure of its tissue in the process of juice extraction are relevant [1-6].

Analysis of scientific research

One of the modern directions of increasing the structural and mechanical
characteristics of beet tissues is the use of chemical reagents in the process of extraction [7,
8, 9]. It is known that ions of polyvalent metals (Ca*', Fe*', Fe'*, AI*" etc.) are able to bind
polysaccharides of the cell walls of sugar beet shavings into insoluble complexes, thereby
reducing the transition of non-sugars in diffusion juice. Therefore, the use of additional
reagents will increase the elastic modulus of sugar beet shavings and, as a result, increase
its transport and pressing characteristics.

In today's time, technology has become quite widespread with the use of minced
natural gypsum - a sulfate-grade mineral or a slightly dissolved CaSO,—~Ca(HSO,), salt
obtained from a sugar plant through oxidation of factory lime milk with sulfur dioxide or
sulfuric acid in the process of extraction [10, 11]. But, the given method has a number of
problems in application and does not give the desired result, namely - increase of structural
and mechanical properties of beet shavings, on which directly the quality parameters of the
intermediate products of sugar beet production are directly dependent.

Also, one of the directions of strengthening the beet shaving tissue in the traditional
diffusion and press method of extracting sucrose from beet shavings, which has been
developing intensively over the last decades, is the chemical effect on beet shavings by
appropriate preparation of feed water for the extraction process [12, 13, 14].

The use of additional reagents in the extraction process is essential for the
intensification of the sugar beet pulp pressing process by improving its structural and
mechanical properties. This problem in our time is extremely relevant due to the increase in
prices for fuel materials, which negatively affects the technical and economic indicators of
sugar beet pulp drying.

Materials and methods

The maximum effective production of sucrose from beet shavings can be achieved
with a diffusion process in which the beetroot tissue has optimal strength and elasticity.

Experimental installation
Investigation of the influence of aqueous solutions of additional reagents on the

structural and mechanical properties of beet tissues was carried out on a laboratory
installation, presented in Figure 1.
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Figure 1. Scheme of an adapted laboratory installation for the study of structural and
mechanical characteristics of sugar beet tissue:
1 — housing; 2 — final screw; 3 — tank; 4 — "heel"; 5 — perforated bottom; 6 — removable compression
chamber; 7 — prototype; 8 — crossbeam; 9 — screw handle; 10 — clamping screw; 11 — rack;
12 —handle of the pump; 13 —hand pump; 14 — manometer; 15 — hydraulic cylinder.

The principle of hydraulic pressing is based on the installation. The laboratory press
(Figure 1) consists of a housing 1, vertical racks 11, to which the crossbeam 8 is attached.
On "the heel" 4 is placed a removable compression chamber 6 with a perforated bottom 5.
Rotation of the handle of the screw 9 presses the prototype to the pressure screw 10. using
the pump handle 12 pumps oil into the hydraulic cylinder 15 and vertically lifts "the heel"
4. Pressure is controlled by a manometer 14.

The use of this engineering compression equipment provided a high pressure of
compaction of the test material to a state with a small (close to zero) volume content of the
gas-liquid phase [9].

During pressing, depending on the structural changes taking place in the sample of a
disperse material of a given volume, 4 press zones can be conventionally identified (Figure
2).

At the 1st stage of pressing, the dispersion medium (air, water) is displaced from the
volume of the material; the process is characterized by a slight increase in pressure with
significant movements of the poisson.

At the second stage, the dispersion of the directly dispersed phase takes place; the
process is characterized by a reduction in the displacement of the poisson and a gradual
increase in pressure.
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At the third stage, the gas-liquid phase is displaced from the volume of solid particles
of the material; the process is characterized by a significant increase in pressure with small
displacements.

At the fourth stage, the components of the dispersed phase (cell destruction) are
condensed with a sudden increase in pressure and an insignificant amount of displacement
of the poisson.

P. Pa

Figure 2. Graph of pressure dependence P on linear deformation H when pressing a disperse
test sample

Method

Investigation of the structural and mechanical characteristics of sugar beet tissue was
carried out as follows: from the root of sugar beet, samples of cylindrical shape with a
diameter of d 50 mm and a thickness (height /) of 25 mm were obtained. Each of the
samples obtained was subjected to heat treatment in aqueous solutions of various reagents
at a temperature of 70—72 °C with an experiment duration of 60 minutes [15, 21].

Materials

As reagents, solutions of CaSQ,, Aly(SO,); and nanosized aluminum hydroxide
Al(OH); (Fig. 3), obtained by the method of underwater electrospark synthesis [Patent
38461 UA] and a combination of aqueous solutions of these reagents were used. Ratio,
reagent concentrations and laboratory results of qualitative indices of diffusion juice are
described in Table 1.

Order of research

After the end of the extraction process, the prototypes were placed in the chamber 6 of
the laboratory installation and pressings were carried out in the effort range of 0.5-2.5 MPa.
At the same time, structural changes and geometric shapes of beet tissue samples, namely,
the height %, before and after the compressive loads, were measured. The results were
compared with control samples of partially desiccated beetroot tissue [16, 17].
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Figure 3. Electron microscopic image of nanosized aluminum hydroxide AI(OH);

Processing of research results

The main criterion for determining the degree of quality of beet tissue is its ability to
restore its shape and elasticity under periodic compressive loads during extraction and
subsequent pressing in production conditions. The magnitude, exactly can describe the
quality of the beet tissue, is precisely the elastic modulus [16-20].

The elastic modulus was determined according to Hooke's law with respect to:

£=9 (M)
£
where: G — the tension caused in the sample by the acting force; ¢ — the elastic deformation
of the sample caused by stress.
P
G 7 2
where: P — the compression force applied to the sample; F — the cross-sectional area of the
sample.

Ah
== 3

P 3)
where: 4h — change in the size of the sample after deformation; /# — the initial size of the
sample to the action of the force.

&

Results and discussion

The results of the study of the influence of nanosized Al(OH); aluminum hydroxide on
the structural and mechanical characteristics of beet pulp are shown in Figure 4 and in
Table 1.
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Table 1
Impact of aqueous solutions of additional reagents on qualitative indices of diffusion juice and
on structural and mechanical characteristics of beet tissue

&0 Concentrations Diffusion juice s s E,MPa | =
€ g Sx |2 2
=1 =] %]
= 5 S 5| E = X
R S . S8 % RN
s& s | = . |EE| 5% T =
=) = o NS - (<] o =
5 = S 2 - E S| 8 3 &
S 3 = b= & 22 ‘7 A s -
o= =) « = Y= @ = El E2 g -
'g (4 C1 C2 151 g = ° =2 = g 5]
S 1. = - = h=t =
== s > | A | 85| ° >
2 5 ) = 2T | e £
= = = = = a
@» =
Typical 15,3 | 16,9 | 90,53 | 15,04 | 0,048 | 6,1 | 0,95 | 23,5

AL(SOy); 10,0 0,02 15,9 117,3192,01 | 29,3 | 0,077 | 6,1 ] 0,98 | 24,2

CaS0Oy 10,0 0,04 154 116,9] 91,2 | 21,450,057 | 6,1 | 1,12 | 25,8

Al(OH); 0,2 0,0015 | 154 | 16,6 | 92,9 | 37,8 | 0,130 | 6,1 | 1,31 | 27,0

AL(SOy)y/ | 10,0/ | 0,02/
Caso, 100 | 004 | 156|170 | 919829020086 |61 | 131 268

AL(SOyy/ | 10,0/ | 0,02/
CaSO,/ 10,0/ | 0,04/ | 159 | 17,1 | 93,0 | 38,73 | 0,110 | 6,1 | 1,35 | 27,3
AI(OH); | 02 | 0,0015

AL(SOy)y/ | 10,0/ | 0,02/

AI(OH); 02 00015 16,07 | 17,3 | 92,9 | 37,8 | 0,101 | 6,1 | 1,28 | 27,2

CaSOy/ 10,0/ | 0,04/

AI(OH); 02 00015 15,6 | 16,9 | 91,8 | 27,3 | 0,086 | 6,1 | 1,22 | 26,8

where: C; — Concentrations of reagents in solution, %;
C,— Concentrations of reagents to the mass of beet shavings, %;
E — elastic modulus of sugar beet tissue;
E, — before extraction;
E, — after extraction.

Effect of nanosized aluminum hydroxide on the degree of deformation of sugar
beet tissue

Analyzing the diagram of deformation changes (Figure 3), it can be said that the processing
of beet tissue samples with additional solutions of Al,(SOj),, CaSO,, Al(OH); and their
combinations during extraction at a temperature of 70-72 °C will reduce the degree of
deformation of the samples beet tissue compared with a sample that has not been treated
with additional reagents. In addition, it should be especially noted that the degree of the
beet tissue sample that was treated with Al(OH); solution is 18% lower than the control
sample without treatment with additional reagents (Figure 5). Such an increased stability of
beet tissue samples, as well as its rigidity and the ability to resist deformation under the
action of force, can be explained by the high chemical activity of the Al(OH); reagent [15,
21]. The ions of this compound are capable of forming in the surface layer of the tissue
sufficiently stable insoluble complex compounds with pectin and protein substances, which,
adsorbed on a layer of beet tissue, form something like a molecular framework that
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increases the stability of beet tissue to compressive loads. Describing Figure 5, it is worth
mentioning that in sample 5c, there is a part of non-deformable cellular structures of beet
tissue in a much larger amount than in sample 5b, which indicates an increase in the
stability of beetroot tissue treated with Al(OH); solution and approximation of its elastic
characteristics to the tissue sample fresh sugar beet 5a.

27
126,26
26
] 25,11
R 257 24,54
s
S 24
g ]
S 225
% 22.
5 ] 21,46 21,39 T
S 21] ~]2089 21 | ©
g . - 20 |3 || <
Q224 || < =0 S |S 3 +
J © (@] < T T + + -
O = 2 =
w] 2| S| 2| S| g [gE| s ||
> —_ © — = =< = ©
Al =Sl = =|=F] =[S

Reagents for the treatment of sugar beet tissue

Figure 4. Indicators of deformation changes in samples of beet tissue using different reagents in
the sucrose extraction process at a temperature of 70-72 °C

Figure 5. Electron microscopic image of sugar beet tissue samples after compressive loads:
a - tissue of fresh sugar beet;
b - sample of sugar beet tissue without finishing with additional reagents in the extraction process;
¢ - sample of sugar beet tissue with the addition of reagents, which included AI(OH); during the
extraction.
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Effect of nanosized aluminum hydroxide on the elastic modulus of sugar beet
tissue

The next stage of the work was study the effect of the use of additional reagent
solutions in the extraction process on the elastic modulus of sugar beet tissue.

Sugar beet tissue has the ability to partially restore its elasticity when it is water-
saturated and at a temperature that causes its thermal denaturation [15, 21]. It is obvious
that during the extraction process in batch production plants, the beet shavings absorb
moisture and under high temperatures are destroyed. As the temperature of the process
increases, high-molecular compounds from less stable tissues pass into solution, the
geometry of the sugar beet shavings changes, the hydrodynamic conditions in the diffusion
apparatus deteriorate, the permeability of the co-extrusion mixture and, consequently, the
purity of the diffusion juice deteriorates [15, 21, 22, 23].

The size of the elastic modulus depends on the turgor of the tissue, which, in turn,
depends on the directivity of the functioning of the cell membranes, so the factors that
negatively affect the turgor also reduce the elastic modulus. So, for healthy sugar beets, the
elastic modulus ranges from 6 to 14 MPa.
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Figure 6. Indicators of the elastic modulus of sugar beet tissue samples when using various
reagents in the extraction of sucrose at a temperature of 70-72 °C.

The results of the studies presented in Table 1 were obtained by statistical processing
of data from a series of experiments [15, 21]. The accuracy of the measurement results and
calculations of the elastic modulus is within 3%, which indicates a fairly high accuracy and
reliability of the research results. The advantages of this modified and adapted method for
the determination of structural and mechanical characteristics should also include the not
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very high complexity of carrying out measurements and calculations, which will allow the
fastest control of the elastic characteristics of beet tissue under production conditions.

From the graph of the values of the elastic modulus shown in Figure 6, it follows that
during the heat treatment at a temperature of 70—72 °C the elastic modulus of beet samples
was treated with additional reagents by 35-40% higher than a sample of beet tissue without
finishing with additional reagents. This qualitative difference will ensure the stability of the
beet shavings to the external factors and will provide the necessary elasticity in the
processes of extraction and subsequent compression under production conditions.

Effect of nanosized aluminum hydroxide on the moisture retention capacity of
sugar beet tissue

Based on the results shown in Figure 7, it can be said that, with the same degree of
pressing of the beet shavings, more moisture is removed when the additional reagent
Al(OH); is used in the extraction process. Therefore, it can be argued that the use of an
additional reagent AI(OH); alone or in combination with other reagents in the process of
extraction of sucrose from beet shavings allows to achieve a high degree of dehydration of
beet pulp that reduces the energy costs for the processes is about further pressing and
drying. In addition, such results of water retention capacity indicate that the use of AI(OH),
additional reagent in the process of extraction will increase the quantity and quality of pulp-
press water, guarantees the production of a reduction in economic costs and improvement
of the ecological situation around the sugar plant.
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Figure 7. The content of dry substances in samples of sugar beet tissue with the same degree of
pressing when using different reagents in the extraction of sucrose at a temperature of 7072 °C
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Conclusions

All additional reagents improve the elastic characteristics of the beet tissue, while the
nano-sized aluminum hydroxide AI(OH); alone or in combination with other reagents
showed that it is its presence in the solution of the additional reagent that guarantees
the best structural and mechanical properties of the sugar beet tissue.

Application in the process of extraction of nanosized aluminum hydroxide AI(OH);,
obtained by the method of underwater electrospark synthesis, will ensure the integrity
of the structure of sugar beet tissue in the processes of industrial extraction and
pressing; guarantees high quality of extractant, diffusion and purified juice.

The nanosized aluminum hydroxide AI(OH);, in comparison with conventional
reagents, is economically and technologically promising for use in the extraction and
pressing of sugar beetroot shavings. The use of the proposed method for determining
the elastic modulus of a sugar beet sample will allow accurately and promptly control
the structural and mechanical characteristics of the raw material during its storage and
processing, which allows optimizing the process of extraction of sucrose and
compression of the pulp and, thus, improving the yield and quality of the target
product.
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Introduction. The aim of the article is a mathematical model of

vibrations of working part of screw conveyer for transporting friable
loads taking into account the changes of closeness of the processed
environment, speed of circulation of screw, weight while appearing
of the phenomenon of resonance.
Materials and methods. It is recesrced the turning vibrations of
spiral working part of screw multifunctional conveyer, which
appeare as a result of action of processing environment. The recerch
was carried out by mathematical modelling method.

Results and discussions. The limiting factors which complicate
a design are the unevenness of the division of environment along the
length of screw; a body makes flexible vibrations; the motion of the
processed environment along the working screw causes the small
vibrations of bend, causes appearance of “additional forces”. For
providing the authenticity of mathematical model ti has been
introduced the next suppositions: the working part of screw is turned
with the permanent angle speed around its longitudinal which in the
undeformed position coincides coincides with an axis OX; the
transversal transferring of neutral axis of working screw at the
arbitrary moment in perpendicular direction of its undeformed
position is determined by the vector (in relation to the fixed frame of
reference of OXYZ); the continuous stream of processed
environment,while its weight changes on unit length slowly along a
screw and moves with permanent relative (in relation to working
screw) speed.

A mathematical model takes into account the limitation and
supposition for the existent screw conveyer with the length of 2,5
and 3 m, which is used for moving the friable loads with the
consistence of 10, 20, 40 kg/m. The alternative parameters are the
length of the screw,the consistence of the processed environment,
the speed of circulation ofthe screw , weight

On the basis of model the dependences of amplitude of
vibrations on the lengthof screw , cosistence of the processed
environment, the speed of circulation of the screw, weight are built.

Conclusions. A mathematical model allows to improve the
process of development and designing of the screw conveyers of the
friable loads providing the reliability of process of transportion and
system “the processed environment — the screw working part”.
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Introduction

Presently screw conveyers are the part of complex mechanization and automation of
manufacturing. Creation of new and improvement of the existent constructions ofscrew
conveyers with the extended technological possibilities assists to further development of
production and increase of their efficiency of the usige. In the modern constructions of cars
the usige of screw mechanisms, the nomenclature of which and the specific of exploitation
grow constantly; specific weight of these mechanisms in lift-shifting cars according to the
different amounts 40...45 % It is established that functional possibilities and technological
characteristics of some screw conveyers don't comply the requirements of present time
fullyaccording to the signs of expansion of nomenclature of technological processes; results
of theoretical and experimental researches, bench equipment etc.. Accordingly the problem
of development of the theory and methods of planning of screw conveyers and their
descriptions is especially actual has the important value for the economy of the country.

Analysis of the last researches and publications. The conducted analysis of the state
of the modern technologies and literary-patent search of constructions of cars and
mechanisms for realization of transporting of friable materials [1-3] has showed that in one
or another measure they satisfy considerable part of requirements which are pulled out to
them , however most constructions of working of working parts of conveyers carry out not
only the forward axial moving of material but also implementation of circulating motion,
that reduces productivity of such mechanisms. They have a simple construction maximum,
differ in acompactness and they are reliable in exploitation. At the same time, the
substantial disadvantage ofscrew mechanisms is reduction of their productivity at large
frequencies of rotation as a result of increasing of centrifugal forces in the zone of loading
that leads to increase of power-hungryness of process of transporting such kinds of devices.

In works [4-8] it was used the method of discrete elements for the analysis of the
productivity of screw conveyer including visualization of motion of particles, the angular
and axial speed of particles and on the whole twisty moment and total force. It is built the
model by application of its periodic border for one step of screw and the particle of friable
material, it is shown the dependence of the productivity ofscrew conveyer on operating
conditions. It is set that the equability of the stream depends on the construction ofscrew
working part and bunker, form of the particles and the force of the friction to walls. The
results of this research can present better the usige of screw feeders for specific materials.
In-works [9-13] it was conducted the experiment for determination influence of
parameterswhich have the most influence on horizontal screw conveyers and also power
consumption at transporting of grains.So, in works [14] it is adduced the results of
researches saving transporting of agricultural materials on the horizontal and aslope located
screw working parts, character of motion of stream of material at its loading [15] and
overload ing [16], and also moving material by the vertical screws [17] which it is
expedient to take into account during realization of researches of moving of stream of root
crops and their cleaning.

Experimental and separate theoretical researches of the dynamics of working parts of
screw conveyers [18-19], moving of the processed environment along the last items
influence on quantitative and on the other occasion and quality descriptions of their
vibrations. Thus, influence of dynamics of environment grows with the increasing of the
amount of its relative motion toward the screw working part. At the same time the intensive
vibrations of screw working part lead to the considerable increase of dynamic tensions, and
as a result to reduction of operating term of work of machine. At certain conditions of
exploitation of screw conveyers it can take place both the internal and "external
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"resonances. Envisaging them is possible only on the base of analysis of decisions of
mathematical models which are adequate to dynamic process.

At the same time the questions of the influence of the relative motion of processed
environment on the turning vibrations of working part which are important for the assement
of work of screw conveyer have not found the proper illustration in literature.For their
solution of this task there is a mathematical model of vibrations of working part of screw
conveyer for transporting friable loads taking into account the change of consistence of the
processed environment, the speed of circulation of screw, mass at appearance of
thephenomenon of the resonance.

Materials and methods

Materials

The object of the research is the working part of multifunctional screw conveyer which
is used for transporting of friable materials (forage, chemicals, powders, supplements, etc ).
The subject of the research is turning vibrations of screw working part of screw
multifunctional conveyer which arise up as a result of action of processed environment.

Description of the device

The auger compensating multifunctional conveyor is made in the form of a casing 1
with both front 2 and rear 3 supports. Their height can be changed in order to transport
materials horizontally and at an angle. The fixed cone trough 4 is firmly fixed to these two
supports in several variants — the solid one and with the system of through-holes in its
lower part made in a known way. Inside the fixed conical body 4, a conical screw working
element 5 with variable steps is installed in the bearing units with the possibility of turning
and axial displacement. The bearing bushes 5 are welded to the left 2 and the right 3
supports; in their central openings, the movable cylindrical blocks 6 are set. The bearings
are rigidly installed in the middle of blocks; the internal holes of bearing are in contact with
the shaft 7 ends of the conical auger 5 with the possibility of axial displacement.

ax

21 22

Figure 1. Schematic construction of the auger compensating multifunction conveyor
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The ends of movable blocks 6 are covered with lids. A screw 9 is rigidly welded to the
left 1id 8 of the cylindrical block 6. The screw is in contact with the adjusting nut 10, which
is firmly mounted in the axial groove of the lid 11 of the movable cylinder block 6. In
addition, the stopper 13 are firmly fixed to the left and right ends of the shaft 7 of the
cylindrical movable block 6. They prevent the movement of transport mass beyond the
screw working body.

Similarly, at the right end of the screw cone working body, the structure is the same,
but the difference is that the ends of the shaft 7 are made with an elongated cut 14, to which
the drive shaft 15 of the conveyor is connected. In the loading zone, the boot pipe 16 is
installed, and in the unloading zone, the discharge nozzle 17 is installed as well. To fix the
screw conical working body 5, in the moving blocks 6, the axial slots 19 are made with
screw fixing elements 20. The system is controlled from the console 21.

Results and discussion

Formulation of the problem

In case of the screw working body, the task is considerably complicated: firstly, due to
the uneven distribution of the medium along the auger length; secondly, the body performs
bending oscillations; thirdly, the movement of the processed medium along the working
screw, which carries even small bending oscillations, causes the occurrence of ‘additional
forces’, which moments must be factored in the differential equation of torsional
oscillations of the system ‘processed environment — screw working body’. Thus, in order to
study the torsional oscillations of the screw conveyor working body, a ‘refined’ differential
equation of the indicated oscillations should be deduced.

Basic assumptions about the object under study

a. The working auger screw rotates with a constant angular velocity Q around its
longitudinal axis, which in the undeformed position coincides with the axis OJX;

b. The transverse movement of the neutral axis of the working screw at an arbitrary
moment in the direction perpendicular to its undeformed position is determined (with
respect to the fixed reference frame of the OXYZ) by the vector

r =u(x,t)j+w(x,t)l€;
c. A continuous flow of the processed medium, which mass per unit length m slowly
varies along the length of the screw (m = m(x)) and moves with a constant relative

(relative to the working auger screw) velocity 7 .

Mathematical model solution

A differential equation with partial derivatives is known to be a mathematical model of
torsional oscillations of a rectilinear body

0’0 0 00 06 06
[——-—|G/]— |=0|0,—,—, 1
or’ 6x( 6xj Q( ot Ox ¢j O

under boundary conditions, which are consistent with the method of body fixation. In Eq.
(1) 0 (x,t) - the angle of twisting the elastic body, / - the length moment of inertia relative
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to the axis of rotation, G - the shift module, J - the equatorial moment of the cross section,

0| x,0 % 26 ,¢ | - the nonlinear in conjunction with a set of variables 6, % g
ot ox ot ox
periodic by ¢ =nt+¢, function that describes the distribution of external forces moments

along the body length relative to the axis of rotation (including the moments of resistance),
and 7 - the frequency of periodic perturbation.

In this case, the inertia force [20] of the conditionally selected element of the screw, the
working medium of the length dx and its moment relative to the axis of rotation are
determined in accordance with the dependencies

B, =2(m+m) Q- L Fyas @

Mjf:(uj+wl€)><@m =—2(m+ml)§2(uz—l:+w%}fdx, 3)
where m, =m, (x) - the mass per unit length of the auger conveyor crew.

Similarly, the inertia force of the processed medium and its moment relative to the axis
of rotation is defined, taking into account the medium motion along the deformed screw

@, —2mQV(a—W]—Z—ukjdx 4)
X X
M2 7= (j +wk)xd,, —ZmQV( Ou +wa—wjldx %)
P ' Ox Ox

Other inertia forces of the processed medium continuous flow are not considered. The
moment of the forces relative to the rotational axis of the working screw is zero and
therefore does not affect its torsional oscillations. The above allows presenting a refined
differential equation of torsional oscillations of the system ‘processed medium continuous
flow - screw working body’

0’0 GJ, 00 1 ( 08 00 j
- = aga_s_s 6
e R ©)
GJ, G
I, p

where:

00 00 .00 20 o ow ou  ow
,0,— x,0,—,—.,9 |-2Q + —4+w—|+mV | u—+w—
f(x I ¢j Q[ ot ox ¢j {(m m‘)(”at W@tj " (”ax W@xﬂ

G - the shift module, /; - the length moment of the inertia relative to the axis of a working
screw together with the processed medium, J; - the equatorial moment of the working
screw cross-section and the values below are considered constant.

Further calculations relate to the development and study of the differential equation
solution (6) under boundary conditions
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H(x,t) =9(x,t) =0 @)

[x=0 Jx=l
which correspond to the twisting oscillations of the auger working body with free ends, and
[ - the distance between the bearings, in which it rotates. Based on the following physically
grounded statements, the boundary problem Eq. (6), Eq. (7) can be solved:

1. The maximum value of the right-hand side of differential equation Eq. (6) is a small
value in comparison with the maximum value of the ‘restoring moment of torsion’, that is,
the second summand of its left-hand side;

2. Functions of the deflection u(x,7), w(x,z) of the screw working body are

. . . k
determined [21] by a wave form with an amplitude a, a wave number A4, =Tﬂ, a

k EI, - — :

frequency w, = \/(Tﬂ) ———-Q?%, I, - the inertia moment of the working screw cross-
m+m

section relative to the neutral axis of the cross-section, which is perpendicular to the plane

of oscillation. In this case, the right-hand side of differential equation Eq. (6) can be

presented in the form

F(%,0,.,0)=0(x,0,...0) - 4Qa* (2(m+m, ) @, sin® A, xsin 2y, +mV A, sin24,xcos2y, ), ¥, = ot +y,
k k k k k k k

(®)
where v, - a constant. Thus, the problem solution was reduced to developing a solution of
differential Eq. (6), considering Eq. (8) under boundary conditions Eq. (7).

The most effective methods of studying ‘weakly nonlinear’ oscillatory systems with
lumped masses or distributed parameters are methods based on the main idea of
perturbation methods [22-25]. In relation to the considered problem, the application of the
principle of one-frequency oscillations and the basic idea of the Bubnov Galerkin method
[21, 29-30] allow reducing the boundary problem Eq. (6), Eq. (7) to integration of the
system of ordinary quasilinear differential equations

zY GJ, 1 [ T r 16/
T (1)+| = o7 =— T sin—=x,...,¢ |sin —xdx — Qa* (m+m ) sin2
R (zj I, HO{!Q(“ I ¢j Py e m)asinay
)

2 I
Tz(t)+(_J G/, 2=L{IQ(LTZsinzTﬂx,...,qﬁJsinzTﬂxdx—4QazlmV0032y/
(10)

Based on dependences Eq. (9), Eq. (10), the most interesting cases of torsional
oscillations from the theoretical and practical point of view are cases:

m[Ghy _ [(2x) _EL b, 2% (G (2_”) L g
I\ I, [ ) m+m, ’ I\ 1, [ ) m+m, ’
kn |GJ,
_ zn'
I\ I,
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These cases are called resonant. The case (¢) is defined by external factors, then, the
cases (a) and (b) — by bending oscillations of the working screw. In addition, the case (a)
considers purely bending oscillations and rotations of the working screw, then, the case (b)
— the processed medium additional motion along the working screw, more precisely, the
moment relative to the rotation axis of the Coriolis force of the inertia of the processed
medium.

Mathematical model discussion

According to individual studies [26-28], combination resonances of higher orders are
less important than the above-mentioned ones;

The methods of studying the resonance phenomena on different frequencies do not
fundamentally differ. Therefore, the general statements based on the generalization of the
main idea of the Van der Pol method to the differential equation Eq. (9) or Eq. (10) are
presented.

Thus, the resonance oscillations under the conditions a), b), ¢) are described by the

dependence T, (¢)=a,(t)cos(@i+9 (t)), where @ is one of the frequencies, on which

resonance oscillations are considered, and the parameters 7, (¢) and 9 (¢) (the amplitude

and phase difference of resonant oscillations) are determined by the differential equations:
a. For the resonance at the first angular rotation velocity of the screw working body

27 21

d 0 , ,
& _ X,a, sin > xcosy/, . 51n£xsmgodxdgod¢—
1
dt 272'60110000 ) (11)
161 Q,a’* (m+m;)wcosy
1 1 1°
3601[0
yR———
dn . fGh i) Hh o,
a [\ I, ) m+m,
12727 16[
jj Q(x a, sm—xcosy/, ,¢jsm xcospdxdpd ¢ + Q.a* (m+m, )wysiny,;
27r a)]azll000 0 / w,a,l,

b. For the resonance at the second angular rotation velocity of the screw working body

27 2m

da, 0 .2
= sm— cosy,...,¢ |sin— xsin @dxd pd¢ +
= 2ﬂw2[0£££Q(xal xcosy ¢j T pdxdpd ¢

(12)
20.a’Vimn .
L — 2s
,1,
dy, 2z [GJ, 27 J“ EI, ,
=— — -Q; +
dt ) I0 [ ) m+m,
12727 2Q Vl
! j j j Q(x a,sin— xcosy/, ,¢Jsm xcosodxd pd d —Mcosyz;
27z 0,0, %% % ) ) w,a,1,
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c¢. For the resonance on the frequency of the external periodic perturbation

2

1
dt 27#”[0 I[!Q(x a,sin— xcos(y/; +0),.. ,gojsin()/3 +go)sin%xdxdgp (13)

2r

dy, = |GJ, 1 f ( _ ..z .
= — -yt — X,a, sin—xcos(y, +@),..., |cos(y, +@)sin— xdxdo,
=7 o 27r167>115”Q S0 xC0S(7; + ). [c03 (7 +)sin—-xdvdp

03

_ GJ, _ 2 |GJ
where @, =~ |[—% =2 120

Consequently, the internal resonances occur only due to a certain correlation between
the frequency of the own transverse and torsional oscillations, more precisely, due to the
distribution of masses in the system ‘processed medium - auger working body’, its
geometrical dimensions and the angular velocity of the working screw. According to
equations Eq. (11) and Eq. (12), in Figure 1 and Figure 2, under the condition

0- Q(, ,%%ﬂ (69

ox Ot ot
of the working screw during the transition through the resonance are presented for different
lengths of the working screw, and different values of its densities (see figure 1), and
different values of masses per unit length of the processed medium and its velocity (see
Figure 2).

On the basis of theoretical data it is shown the results of experimental researches of
dependence of the productivity of the inclined ickyir conveyer from the internal diameter of
casing of D, epy angle of slope of conveyer y and frequency of rotation of working part n
during the transporting of friable material (wheats). It is deduced the equation of regression
for determination the productivity of transportion of wheat.

During transportion of wheat :

j (6, s — steels), the amplitudes of torsional oscillations

O, =3.387-117,52D+2,49-107y —8,92-107 10,328 Dy ++0,234Dn —3,4-10" yn + 880"
(14)

On the basis ofthe experemental researches it was set the maximal value of the
productivity — 6,4 t/hour, and minimum — 0,2 t/hour. The basic factors which influence on
increasing the productivity are the external diameter of screw working part and amount of
turns and at the increase of angle of slope of conveyer the productivity is reducing.
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Figure 2. Change in the amplitude of torsional oscillations of the working screw during the
transition through the resonance on the first frequency of transverse oscillations under the
following values of parameters
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Figure 3. Change in the amplitude of torsional oscillations of the working screw during the

transition through the resonance on the second frequency of transverse oscillations under the
following values of parameters
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Figure 4 . Surface of review of the change of the productivity of conveyer Q during transportion

as a functional:

a—Q=f(Q)(D;n); b—Q=f;Q)(}’l;)/)

Conclusions

Based on the developed method of studying the torsional oscillations of the screw
working auger conveyor with consideration of its transverse oscillations and the motion of
the processed medium continuous flow, the following conclusions are made:

1.

2.

508

The constant angular rotation velocity of the screw working body decelerates the
frequency of the own bending oscillations of the screw working body;

Relative movement of the processed medium along the screw working body,
which rotates and performs transverse osciblations, acts additionally on the body as
the periodic torque;

According to the above-mentioned, the resonances can occur during the torsional
oscillations of the screw working body on the first fundamental and the second
frequencies of the twisting oscillations of the working body and on the frequency
of external periodic perturbation;

The amplitude of the transition through the resonance on the fundamental
frequency of bending oscillations assumes smaller value for screw working bodies
with greater torsional rigidity;

The amplitude of torsional oscillations during the transition through the resonance
on the second fundamental frequency is higher due to the larger values of the
quantity of processed medium relative motion;
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6. The amplitude of torsional oscillations during the ‘fast’ transition through the
resonance on the frequency of external or internal perturbations is smaller than
during the ‘slow’ one.

The obtained results can serve as a basis for choosing the basic technological and

operational parameters of a screw multifunctional conveyor. The results reliability is
confirmed by obtaining in the limiting case under J — 0 the known [3], which relate to the
influence of bending oscillations of the elastic screw on the torsional ones, without
considering the motion of the processed medium.

The results of modeling correlate (call) with the results of researches [1, 8, 15, 21, 29].

The received results should be followed for further planning the similar screw conveyers
with similar changeable parameters.

10.

11.

12.

References

Hu G., Chen J., Jian B.,, Wan H., Liu L., (2010), Modeling and simulation of transportation
system of screw conveyors by the discrete element method. International Conference on
Mechanic Automation and Control Engineering, MACE 2010, Article number 5536244, pp.
927-930.

Zareiforoush H., Komarizadeh M.H., Alizadeh M.R., (2010), Effect of crop-screw parameters
on rough rice grain damage in handling with a horizontal screw conveyor. Journal of Food,
Agriculture and Environment, 8(3-4), pp. 494-499.

Fernandez J. W., Cleary P.W., McBride W., (2009), Effekt of screw desing on hopper draw
dawn by a horizontal screw feeder, Seventh International Conference on CFD in the Minerals
and Process Industries CSIRO, Melbourne, Australia 9-11 Decem, pp. 1-6.

Zareiforoush H., Komarizadeh M.H., Alizadeh M.R., (2010), Screw conveyors power and
throughput analysis during horizontal handling of paddy grains, Agricultural Science, 2(2), pp.
147-157.

Roberts A.W., Bulk Solids, (2015), Optimizing Screw Conveyors, Chemical engineering,
122(2), pp. 62-67.

Yao Y.P., Kou Z.M., Meng W.J., Han G., (2014), Overall Performance Evaluation of Tubular
Scraper Conveyors Using a TOPSIS-Based Multiattribute Decision-Making Method, The
Scientific World Journal.

Owen P.J., Cleary P.W., (2010), Screw conveyor performance: comparison of discrete element
modelling with laboratory experiments, Progress in computational fluid dynamics, 10(5-6), pp.
327-333.

Manjula E. V. P. J., Ariyaratne W. H., Ratnayake, C., & Melaaen, M. C., (2017), A review of
CFD modelling studies on pneumatic conveying and challenges in modelling offshore drill
cuttings transport, Powder Technology, 305, pp. 782-793.

Tripathi N., Sharma A., Mallick S. S., Wypych P. W., (2015), Energy loss at bends in the
pneumatic conveying of fly ash. Particuology, 21, pp. 65-73.

Xiaoxia S., Wenjun M., Yuan Y., (2017), Design method of a vertical screw conveyor based on
Taylor—Couette—Poiseuille stable helical vortex. Advances in Mechanical Engineering, 9(7),
1687814017714984.

Tian Y., Yuan P., Yang F., Gu J., Chen M., Tang J., ... Cheng Q., (2018), Research on the
Principle of a New Flexible Screw Conveyor and its Power Consumption. Applied
Sciences, 8(7), pp. 1038.

Chen L. Q., Wang B., & Ding H., (2009), Nonlinear parametric vibration of axially moving
beams: asymptotic analysis and differential quadrature verification, In Journal of Physics:
Conference Series, 181(1), pp. 1-8.

—— Ukrainian Food Journal. 2018. Volume 7. Issue 3

509



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

510

Processes and Equipment ——

Hevko R.B., Synii S.V., Pankiv M.R., Varholiak M. A., (2014), Development and Analysis of
Machine Operation for Energy Saving Technologies of Root Crop Harvesting, Bulletin of
Engineering Academy of Ukraine, 4, pp. 46-52.

Lyashuk O.L., Rogatynska O.R., Serilko D.L., (2015), Modelling of the vertical screw
conveyer loading, INMATEH: Agricultural Engineering, 45, pp. 87-94.

Hevko R.B., Tkachenko L.H., Synii S.V., Flonts L.V., (2016), Development of design and
investigation of operation processes of small-sclale root crop and potato harvesters. INVATEH:
Agricultural engineering, 49, pp. 53—60.

Lyashuk O.L., Sokil M.B., Dovbush A.P., (2016), Dynamics of flexible elements of drive
systems with variable contact point to the pulleys. INMATEH: Agricultural Engineering, 48,
pp. 119-124.

Hevko I., Lobachivskyi R., Diachun A., (2011), Experimental investigations of mixing the bulk
materials with a mixer by pouring them into another container, Interuniversity Collection
("Engineering Mechanics") "Scientific Notes" LNTU, 5, pp. 51-55.

Lyashuk O., Pyndus T., Marunych O., Sokil M., (2016), Longitudinal-angular oscillation of
wheeled vehicles with non-linear power characteristics of absorber system, Scientific Journal of
the Ternopil National Technical University, 83(2), pp. 82—89.

Pavlovskiy M. A., Putiata T. V., (1985), Theoretical mechanics, Kyiv, Ukraine.

Rohatynskyi R. M., (2014), Scientific and Applied Fundamentals for Creation of Screw
Transport and Technological Mechanisms, Ternopil, Ukraine: Publishing house of TNTU.
Mitropolskiy Yu. A., Moseyenkov B. I, (1976), Asymptotic solutions of partial differential
equations, Kyiv, Ukraine.

Stotsko Z., Sokil B., Topilnytskyj V., (2000), Das Unlinear parametrischmodell der
Dreimassenmaschienen fur die Vibrationsvolumenbehandlung und ihre Streuladung,
Kwartalnik Naukowo-Techniczny Maszyny Dzwigowo-Transportowe, 3, pp. 50-62.

Stotsko Z.A., Sokil B., Topilnytskyj V., (2007), Complex mathematical model and optimization
of vibration volumetric treatment for surfaces of machine parts, J. of Achievements in Materials
and Manufacturing Engineering, 24, pp. 283-290.

Hevko B.M., Pavel’chuk Yu.F., (2017), Modeling the fluctuations of the mechanical system of
a suspension hole: theoretical analysis, /nnovative solutions in Modern Science, 10(1), pp. 1-9.
Geruk S.M., Dovbysh A.P., (2016), Influence of vibration separator oscillations perturbations
on the grain mixture dynamics, Construction, production and operation of agricultural
machinery, 46, pp. 124-132.

Kuzio LV., Kharchenko Ye. V., Sokil M. B., (2007), Dynamic processes in environments
characterized by longitudinal motion and the effect of boundary conditions on the amplitude
and frequency of their oscillations, Vibration in techniques and technology, 48(3), pp. 53-56.
Sokil M.B., Khytriak O.L., (2011), Wave theory of motion in the study of fluctuations of
flexible drive elements and transportation factoring in their longitudinal motion, Military
Technical Collection, 1, pp. 102-105.

Hevko, B., Lyashuk, O., Sokil, M., Skyba, O., Marunych, O., Shmatko, D., (2018), Dynamics
of auger working body of a multifunctional conveyor. Bulletin of the Karaganda University.
«Mathematics» series, 89(1), pp. 105-113.

Lyashuk O.L., Sokil M.B., Klendiy V.M., Skyba O.P., Slobodian L.M., (2018), Mathematical
model of bending vibrations of a horizontal feeder-mixer along the flow of grain mixture,
INMATEH: Agricultural engineering, 55(2), pp. 33-42.

—— Ukrainian Food Journal. 2018. Volume 7. Issue 3



Processes and Equipment ——

Effective robust optimal control system for a lamellar
pasteurization-cooling unit under the conditions of
intense external perturbations

Nataliia Lutska’, Nataliia Zaiets?,
Lidiia Vlasenko®, Volodymyr Shtepa®

1 — National University of Food Technologies, Kyiv, Ukraine
2 — National University of Live and Environment Sciences of Ukraine, Kyiv,

Ukraine

3 — Polessky State University, Pinsk, Belarus

Keywords:
Robust
Optimal
2-riccati
Uncertainties
H2-regulator

Abstract

Article history:

Received 04.06.2018
Received in revised form
19.08.2018

Accepted 28.09.2018

Corresponding author:

Nataliia Lutska
E-mail:
lutskanm2017@
gmail.com

DOI: 10.24263/2304-
974X-2018-7-3-15

Introduction. Investigated robust optimal control
system of pasteurization-cooling unit, functioning under
conditions of intensive external disturbances, information
and structural uncertainty in order to improve the
efficiency.

Materials and methods. Methods of system analysis,
mathematical statistics and identification used to construct
a mathematical model of the control object. For the
synthesis of the robust optimal controller, the 2-Riccati
approach H, control problems is applied, and to reduce the
order of the received regulator — method for balanced
model reduction.

Results and discussion. The work of the
pasteurization unit is considered, since it is a key
component of dairy production. Since the results of the
operation of traditional automated systems depend on the
intensity and quality of information flows, microprocessor
technology, algorithmic and software, it is proposed to
supplement them with robust optimal controllers based on
the 2-Riccati approach. Identified a mathematical model
of the object, which consists of linear differential
equations of the seventh order, it is possible to synthesize
a robust optimal controller of the 6th order. Performance
indicators are calculated by comparing the synthesized
system and the system with local regulators. In a robust
optimal system, the magnitude of uncertainty increased
fourfold, and the dispersion of control signals decreased
fourfold, which proves its energy efficiency.

Conclusion. The performed modeling and calculation
of qualitative characteristics showed a significant
advantage of the synthesized system in front of systems
with local regulators.
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Introduction

During Industry 4.0, when industrial enterprises grow into Smart Factory, combine
advanced production technologies, automated production, communications and information
technologies, the issue of improving automated control systems of technological processes
based on intelligent approaches is relevant [1, 25]. However, in terms of automation, such
managing facilities have common problems of mismatch in temperature and quality values,
uneven consumption and temperature of the incoming flow, as well as other internal and
external factors which negatively affect the quality of the output product and the energy
efficiency of the whole system. All these factors can be described in the uncertainty range
of the object, and then it is possible to construct a robust optimal control system under one
correctly selected criterion [2—5].

For production objects with significant uncertainties of the use of H,- or H..-norms of
the Hardy space of the closed system transfer function as a control criterion are effective for
the proper types of input and output signals, whereby the system obtains the property of
low-sensitivity (robustness) towards internal and external object changes [6]. The control
device thus synthesized has a high order, and as a result, the complexity of the software
implementation.

Since the object of study works under conditions of parametric and structural
uncertainty, as well as under the influence of intense external disturbances, the goal of the
work is to increase the efficiency of its control system by synthesizing an effective control
device based on robust optimal practices.

Materials and methods

According to the purpose of the article, the following approaches and methods were
used: system approach, statistical analysis, parametric identification of dynamic
mathematical models, synthesis of the H,-regulator in the 2-Riccati approach, reduction of
mathematical models, mathematical modeling. Using the system approach [7, 8], the
theoretical bases of the study, in particular, the orderly and structure of the model of the
control object are well-documented. The statistical analysis of process variables
substantiated the essence of uncertainties, and also helped shape the form of weight transfer
functions for external perturbations [9, 10]. Identification methods [11, 12] are used to
obtain approximate parameters of the mathematical model of an object with multiplicative
uncertainty. The synthesized Hy-regulator differs from the classical one in that additional
input and output matrix transfer functions are used [13—15]. The latter are formed on the
basis of a compromise between the quality of the system in nominal mode, the energy
saving of the system and the robustness to internal changes in the object. The introduction
of matrix weight transfer functions led to an increase in the order of the synthesized
regulator, therefore a number of methods for reducing the order of the regulator were
subsequently used [16-20].

Based on the results of mathematical modeling of systems with robust and local
regulators [21, 22], the main characteristics of quality and stability were calculated and the
response graphs of the systems were obtained for various types of perturbations.
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Results and discussion
Analysis of the object of control, a mathematical model of an object

Modern dairy plants throughout the country are mostly equipped with lamellar
pasteurization-cooling units of various types and constructions. A lamellar pasteurization-
cooling unit is intended for continuous heating and pasteurizing of milk, cream and other
liquid food products without losing the main properties such as protein, sugar and
molecules of fat. The concept of their performance lies in the series flow from one tank into
another, gradually mixing with the already heated milk, and then the milk is heated and
maintained during an appropriate period of time at the temperature of pasteurization. After
heating, the product is cooled and forwarded to other stages of processing or packaging.

Figure 1 shows a simplified scheme of production flows of a typical lamellar
pasteurization-cooling unit. Here #,,is the temperature of incoming raw milk, ¢, is the
temperature of pasteurized milk, # is the temperature of the heated milk, ¢, is the
temperature of recuperated milk, ¢ is the temperature of cooled pasteurized milk, t,, is the
temperature of hot water, f,. is the temperature of cooled water, m; is the consumption of
milk, m, is the consumption of hot water, m; is the consumption of iced water, my is the
consumption of steam.

Automatic temperature regime control of a lamellar pasteurization-cooling unit is
reduced to two local loops of temperature control for pasteurized and cooled milk (PID or
PI) with a stabilized input flow. In terms of automation, the control object is multiply-
connected, transient; the coordinates of the state are divided by spatial value, also, the
object operates under permanent intensive external disturbances which are characterized by
both deterministic and random components, the latter having a pigmented spectrum. In
addition to the external perturbations which are shown in Figure 1, the quality of the output
product is influenced by the acidity of the input product and the ambient temperature,
which are not included into the control loop. Consequently, the use of the local regulators
leads to quality degradation of the output product, and in some cases leads to re-
pasteurization of the processed milk.

warm

mi, tp water | ms, bw
¢ pasteurized milk
recuperated
milk
m"’_t", Heating | M0 t“".; Pasteurization | Cooling _mL’tm
raw milk | section warm section section cooled
| 7'y pasteurize
Mo t my, t1re:: d milk
2y L2¢
v cooled water m; |ice water
ﬁ, Steam My,
vapour| hot-water hot water

Figure 1. Scheme of the production flows in a lamellar pasteurization-cooling unit
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The problem of developing a mathematical model of a production process control
object is still being controversial. For the synthesis of an effective control system, a
mathematical model is to describe the object as best as possible, which leads to large orders
of systems of differential equations, a complex description of parameters and traceability of
a large number of external and internal variables in a production object, and consequently,
to the complex and lengthy control algorithm, whereas simplifying the mathematical model
reduces the quality of control [22]. Therefore, an alternative in developing the mathematical
model of a production control object is using different types of uncertainties, which, on the
one hand, simplifies the nominal model of an object, while taking into consideration the
allowance in such description and changes in the object itself, on the other hand.

A lamellar pasteurization-cooling unit can be simply described by a system of
differential equations of the 7"-order with a multiplicative type of uncertainty, including
both parametric changes in an object and unmodulated dynamics, which appeared as a
result of reducing the order of differential equations. Let's convert the model of a lamellar
pasteurization-cooling unit to the space of state variables, taking into consideration the task
signals in addition to the perturbations:

w() vO)F
r(0)

€] w(0) v

|:u(t):| =Cx(1)+D,, |: o) :|+D12u(t), (1)

[w(®) v
r(t)

X(f) = Ax(t)+B[ }Bzu(r),

S(t) =C2X(t)+D21 |: :|+D22u(l‘),

where x(t)=[At At L At At

lrec? Iw? 1p»>

T, .
zy,Atlo,Atm,AtzJ is a state coordinate vector;

u(r) =[Am, Am4]ris a vector of control, w(t)=[m,, m,, Ar, ] is a vector of external
perturbations; v(z) = [vl ®), v, (t)] is a vector of perturbations along the measuring circuit;
r(1) =[AR (1), Ar, (t)]r is a vector of the specified signals; z() = [(7), u(t)]ris a vector of
stabilized outputs; €(¢) =r(¢)—y(¢) is a vector of deviations from the specified signals;

y(0) =[x, (1), x; (t)]r is a vector of measurements.

All the matrix coefficients from (1) are determined on the basis of the aprior
information about an object and as a result of identification [7-12]. The identification can
be carried out by supplying pseudobinary signals to each input of the object and recording
the output signals through the SCADA (Supervisory Control And Data Acquisition)
program. The latter, through the PLC (Programmable Logic Controller) chain, is a field
technology implemented by analog data transmission and industrial networks, receives
information about the control object and executes a control signal. It is advisable to import
the data into the Matlab software environment, where further processing will be carried out.
Thus, for the A1-OXJI10 (OHL10) type lamellar pasteurization-cooling unit it is possible to
determine and construct the basic matrix coefficients (1):
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Here 0.

ixj?

I, are zero and unity dimension matrices ix j respectively; W,

w?

W, are

standardized weighting matrices of the intensity of external perturbations and noise
measurements respectively. We might note that a control vector u(#) is additionally
embedded into an output vector z(¢) to restrict the signal of the former.

Synthesis of a robust optimal regulator
The functional chart of the control system is shown in Figure 2, where G(s), Go(s) are

transfer functions of the uncertainty object and the nominal object accordingly, obtained
from (1), and K(s) is a transferable function of the regulator, Ay, (s)is a structural

weighting uncertainty; s is a complex variable. Here, the mathematical model of the control
object will be written as follows:

G(s5) =G, ()T +Ay, (), [Ay, @), <7. 3)

where y is the uncertainty range.

—— Ukrainian Food Journal. 2018. Volume 7. Issue 3 515



Processes and Equipment ——
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Figure 2. The functional chart of the control system

With regard to the above said, we can formulate the statement of the problem for the
robust optimal control of a lamellar pasteurization-cooling unit: for a production object the
mathematical model of which in the nominal mode is given by the system (1) with matrices
(2), in the category of linear stabilizing controls

u=K(s)e (@)
to find the optimal control which minimizes the specified quality criterion:

J= min [|W, (s )H()W,(9)],, ©)
K(s)e Q

where H(s) is the transfer function of the closed system, Q is the area of stabilizable
controls; W,(s), Wr(s) are weighting matrices according to the outputs and inputs of the
system. It is necessary to note that the weighting matrix W;(s), specifies the quality of the
system in the frequency range, and the matrix Wx(s) is a type of an input signal, in
particular, one can specify a filter for an inhomogeneous signal spectrum. Thus, using
criterion (5), the system minimizes the overall response pulse energy for the deterministic
inputs, as well as the square root of the output dispersion for the specified dispersion of the
input stochastic signal.

This problem has been solved in the state space for the standard H, problem [13-15],
based on the 2-Riccati approach, with the following weighting matrices:

1 1
W, = diag 0L 01 s s 4 (6)
50s+1" 1255 +1° 5005 +1° 10005 +1
2. 1. 1
W, = diag > , > , , o , a , L1, @)
25005 +1° 20005 +1° 200s+1" s+0.1" s+0.1

where diag( ) marks the diagonal matrix, while the linear regulator happens to be of the

11"™ order. Analyzing the singular values of the transfer matrix of the regulator, it has been
concluded that the regulator order can be reduced to the 6" [16-20]. The final regulator has
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been chosen and its order has been reduced by the method of balanced reduction according
to the criterion:

K -K.,

LS2)0. @®)

Where K(s), K,.(s) are the transfer functions of the output and the reduced regulator
respectively, with a marginal error of 0.0335.

The regulator has been implemented in the range of state variables with the following
matrices:

[-0.88  0.52 0.33 0.59 -5.65 0.67 |
-3.51 -388.41 -265.61 -3526 -8.09 -18.69
047 266.78  -3.49 3.46 10.08 -1.81

Af =107 ,
025 5273 —6.25 -1.14 2834 242
-5.42 13.64 1.05 -11.09 —184.56 130.86
-0.39  30.69 -1.60 -0.24 -12539 -3.48 |
[ 479 17.40]
149.45 -4.68
-12.23 -2.08
B« =107 , 9)
-6.10 -1.54
-0.17 60.97
| —4.84  5.18 |
< L, [18.04 —2.10 —4.11 -6.27 60.96 —6.80 <
Che =1072. , D =[o0,,,].
029 14950 11.70 0.57 1.50 2.02

Results of the simulation

The simulation of a system with a synthesized robust optimal regulator and local PID
and PI regulators for a nominal model and a model with maximum multiplicative
uncertainty has been conducted. The parameters of local regulators have been synthesized
according to the criterion of maximum perturbation filtering. Signals of disturbances have
been applied to the system input throughout the time frame, with external disturbances
simulated by a stochastic and deterministic component, and at the time of 75 sec the tasks
from zero to 2 °C and 1 °C have changed respectively. The simulation results are shown in
Fig. 3-5 and comparative characteristics are summarized in Table 1.
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Table 1
Comparative characteristics of systems with H,- and PID-PI regulators
Characteristics Type of regulator
H-regulator PID-PI regulators
e=2.1°C £=2.0°C
. L £=1.0°C &=1.0°C
Maximum deviation u; = 0.2 kg/sec u; = 1.0 kg/sec
uy = 0.9 kg/sec uy=1.9 kg/sec
De;=0.2°C Dey=0.4°C
: o De,=0.1°C De,=0.1°C
Medium-quadratic deviation Duy=0.04 kefsec | Duy= 0.2 kg/sec
Du,=0.1 kg/sec Du, = 0.4 kg/sec
Stability margin 0.08 0.12
=, ()], 0.25 0.34
=, (5], 1.02 2.25
[Hiy e )], 113 5.27
4 0.56 0.13
ISs)], 1.63 5.29
3 Linear Simulation Results
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Figure 3. Deviation of pasteurization and cooling temperatures:
1 — System with PID-PI regulators; 2 — System with H,-regulators
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Linear Simulation Results
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Figure 4. Deviation of control signals:
1 — System with PID-PI regulators; 2 — System with H,-regulators
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Figure 5. Singular values plot of dynamic system with uncertainty:
1 — System with sampled uncertainty; 2 — Nominal system; 3 — System with worst uncertainty;
4 — Worst-case gain (upper bound)
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The H,-regulator system shows better quality and energy-efficient performance, since
the norms characterizing the quality of the system have decreased almost twice, and the
scope of uncertainty has increased fourfold. In addition, the H.-norms of the sensitivity
transfer functions S(s) for such a system are lower has tripled, which confirms the robust
properties of the system. Also, the dispersion of the first regulated quantity was reduced
twice, and the dispersion of control signals decreased respectively five and four times. In
Fig. 5 is shown graphical worst-case gain analysis [21, 22] synthesized system, in particular
the curve of upper bound is the envelope produced by finding the highest gain within the
uncertainty at each frequency. So, the time and frequency analysis of the system proved the
effectiveness of the synthesized control system.

Conclusion

A lamellar pasteurization-cooling unit performs under the conditions of uncertainty of
both the structure and parameters of the object, and intense external perturbations. Advance
in efficiency of the control system of lamellar pasteurization-cooling units is possible by
constructing a multidimensional optimal regulator in accordance with the Hp-norm
criterion. The mathematical model of the control object has been presented and reduced to
the standard setting of the Hy-optimization with the input and output weighting matrices
while the synthesized regulator in the space of the state variables has been reduced to the 6
order. The simulation of the system conducted by the Hj-regulator has shown its
effectiveness compared to the local PID-PI regulators.

Further research is aimed at automatically revealing the conditions for the applicability
of robust-optimal regulators for building an information system to support management
decisions.
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Introduction. The research aims to substantiate a construct of
the scientific research which enables assess the associated
agricultural producers' involvement in agricultural policy-making
processes.

Materials and methods. Methods of scientific discourse
analysis, survey of agricultural producers, statistical data
analysis, systematization and synthesis of scientific insights were
used. The theoretical background is based on analysis of
management theories explaining a nature of inter-organizational
interaction.

Results and discussion. Representation of agricultural
producers’ interests in policy making processes is inappropriate.
We chose Lithuania as example and found that even 85.6 percent
of farmers are completely not members of any association or
union and only about 10 percent of them participate in activities
of organizations of agricultural area. The research results show
that in the context of EU financial support for agriculture the
problem of stakeholder participation in policy making processes
deforms the opportunities of big and small farmers to defend
their interests. Participative and Collaborative Governance and
concept of partnership and inter-organizational collaboration
were achieved i) by distinguishing characteristic groups of
associated agricultural producer organizations’ participation in
agricultural policy making processes, ii) by compiling a scheme
of research on the balance of need satisfaction and interest
expression of associated agricultural producers, and iii) by
forming theory-based battery of interview questions for further
qualitative survey was. During analyzing results of research it
was found that the implementation of interests based on needs
should become a core task for policy makers. In order to do so, it
must be ensured that stakeholders’ influential power is balanced,
and the needs of all interest groups are appropriately evaluated.
The research results show that the assumptions for better
opportunities to take agricultural stakeholder needs into
consideration when forming and implementing agricultural
policy could be strengthened.

Conclusions. Research allows systematically gather
qualitative data and better substantiates recommendations to
politicians and representatives of agricultural producer
associations.
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Introduction

A competitive advantage of organization mostly is influenced by management
decisions whereas in agricultural sector the competitiveness is distorted due to the EU
support opportunities which essentially are only distributed taking the size of a given farm
into consideration [7; 40; 41; 37]. Due to this reason, the business and operating conditions
of larger-scale farmers are improved quicker than those of smaller ones. Financial support
for larger-scale farms allows them to expand, purchase more or more advanced agricultural
machinery, implement technological innovations etc. [25; 22; 19].

Furthermore, the differences in farming conditions are influenced by insufficiently
justified agricultural policy priorities on a national level in most of post-Soviet countries,
and Baltic countries are among them [6; 25; 37]. The support system in agriculture is
formed to support farmers using the same principle without considering their needs, activity
opportunities and objective constraints. On the other hand, even though farmers unite into
associations and other organized entities, the interests of some of them in the context of
agricultural policy are not being protected sufficiently [26].

With the start of a new EU financial period coming near in 2020, the abovementioned
issues become especially significant. In addition to that, scientific research on
administration effectiveness, business competitiveness and balanced representation of
stakeholder interests in making decisions remain important as well [29; 22; 7]. Considering
relevance, the aim of the article was defined: on the bases of scientific literature and results
of the survey to substantiate a research construct which would enable to assess the
associated agricultural producers' involvement in agricultural policy-making processes.

The research developed in later stages would allow the agricultural producers to better
protect their interests in pursuing competitiveness in agricultural business and farming. It
would also enable the political decision-makers to better understand the nature of
stakeholders* needs and differences between them.

Materials and methods

With the aim to substantiate a research construct which would enable to assess the
associated agricultural producers' involvement in agricultural policy-making processes,
methods of 1) scientific discourse analysis, ii) survey of farmers, iii) statistical analysis of
primary data, iv) statistical analysis of secondary data, and v) systematization and synthesis
of insights were used. The theoretical background of the article is based on management
theories explaining a nature of inter-organizational interaction, and that are: Transaction
Costs Economics theory [18; 27; 39], Stakeholders theory [11; 21; 28] and Network theory
[2; 3; 23; 32], whereas principles of interest representation and stakeholders® participation
in policy making and implementation processes are explained by the concepts of
participatory and collaborative governance [9; 20; 29], also social partnership and inter-
organizational collaboration ideas [31; 34; 17] were taken into consideration. Common
agricultural policy (CAP) effect on farm development was based on statistical data of
Eurostat, and survey of agricultural producers in Lithuania as one of examplar was
completed with the aim to reveal context and relevance of the research construct.
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Results and discussion

Research context: Common agricultural policy effect on farm development in
Lithuanian

The peculiarities of agriculture in Lithuania reduce the agricultural sector‘s resistance
to negative factors both inside and outside the country and sector. These peculiarities were
influenced by various conditions, the most significant of which are the implementation of
Common Agricultural Policy (CAP) based on the EU support, specifics of national
priorities in agriculture and lack of unity between agricultural producers in defending their
essential interests.

The criticism on common agricultural policy, especially the imperfectness of direct
payment system and its inability to implement the set goals is sore for over a decade [14;
5;40; 41; 35]. On one hand, the direct payment system is criticized by the society for
spending public funds and constantly facing environmental and animal well-being
problems. On the other hand, farmers are dissatisfied with the increasing inequality of
income and, in their opinion, unjust distribution of direct payment system elements [22].

Back in 2005-2010, Lithuania was already one of the few EU countries with dominant
effect of farm structure polarization, where the number of big farms (over 100 ha) doubled,
the number of small farms (under 5 ha) increased slightly while the number of average
farms decreased [25]. This phenomenon indicated an instable agricultural structure, the
foundation of which (the average farms) was vulnerable and of low viability.

In 2016, compared to 2005, the number of farms over 100 ha and more in size
increased by 114 percent in Lithuania, while in the EU-28 this number was only 11 percent
on average (Figure 1). The number of farms of 10 to 100 ha decreased by 32.2 percent in
this period while the number increased by 13 percent in the EU. Lastly, the number of
farms under 10 ha decreased both in the EU and Lithuania — 33.2 and 44.9 percent decrease
respectively. It should be noted that in Lithuania, the number of farms under 10 ha and
farms between 10 and 100 ha decreased twice as quickly as in rest of the EU.

According to Lithuanian agricultural structure, in 2016 there were 107.8 thousand
farms under 10ha. The number of farms over 100 ha was only 5.3 thousand, however, their
owners owned almost 3.5 times more area by hectares. In other words, currently in
Lithuania, 3.5 percent of landowners control more than 50 percent of all agricultural land
utilities.

The changes in Lithuanian agricultural structure became clear after implementing the
direct payment system and applying a one-time payment-for-area scheme [25]. A support
system based on payments for owned agricultural land utility area in hectares had a strong
influence on the changes in types of production generated in farms. Farmers significantly
increased investment into grain growing as an activity that requires big areas of land. This
allowed to ensure direct financial returns through direct payments with relatively low work
and capital input requirements per 1 ha of land [37]. The consequences of decision to grow
more grain are especially visible comparing years 2005 and 2016. In 2016, Lithuania
became a leader in the change of grain growing farms amongst all EU member countries. In
this time period, the number of grain growing farms in Lithuania increased by 346 percent
while the growth in the EU was only 7 percent on average. It should be emphasized that the
area of arable land used in farms increased as well — an increase of 186 percent is observed.
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Figure 1. The change in the number of farms and farmland in different groups by size in
Lithuania and on average in EU-28, 2016 compared to 2005.
Source: authors compilation based on EUROSTAT.

The support measures of common agricultural policy had an influence on Lithuanian
agricultural structure changes too. Some national level rules of financial support for
agriculture made it easier for larger-scale farms, especially those over 100 ha to receive
bigger support. Due to production potential being directly proportional to farm size, big
farmers became more attractive to financial credit companies while the owners of small
farms were assigned a higher risk group and lost a part of opportunities to acquire or
develop their competitive advantage by investing into new activities or development.

Summing it up, the abovementioned reasons and conditions in Lithuania caused: 1)
agricultural structure changes and decrease in farm numbers; ii) vulnerability of farms
growing other production than grain; iii) competitive imbalance between farms considering
both size and production type; iv) contraposition of small and big farmers; v) more evident
display of social inequality; vi) imbalance of agricultural producers® interest representation
in agricultural policy making observed through political decisions that insufficiently satisfy
the needs and interests of small farmers. However, in order to objectively evaluate if and
how the size of the farm is related to the representation of interests of its owner in
agricultural policy making and to provide recommendations which would allow to ensure
adequate satisfaction of agricultural producers needs, a definition of small, average and big
farms has to be formed.
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The area of the farm is one of the most commonly used criteria in statistical, economic
and political analyses which determine the boundaries between small and other farms.
Small farms are defined differently in different countries: fewer than 2 ha, under 5 ha,
under 10 ha of land utilities or 10 percent of smallest farms that declare land utilities [6; 19;
10]. Thus, if an agreement was made in Lithuania on what criteria would allow to
unambiguously classify farms by their size, it would be possible to more clearly evaluate
the potency of farmer group interest representation and to pursue a common societal well-
being by executing a more effective and favorable agricultural policy.

Relevance of agricultural producers’ interests representation research

A survey of agricultural producers was carried out to determine the relevance of
scientific research problem. An original representative empirical data were collected by
experienced research subcontractor. Population of Lithuanian farmers equals to N=138.9
thousand. Calculated representative population under statistical conditions of 3 percent
error (¢=0.05) and 95 percent (p=0.5) confidence level is n=1059. Respondents were
selected using systemic sampling of research subcontractors’ database. Data were collected
using telephone interviews of Lithuanian farmers in January-February 2017. Potential
respondents had been telephoned 3211 times, 1491 times without response, 612 farmers
rejected the suggestion to take part in the interview. Finally, 1108 interviews were found
suitable for further investigations which satisfy defined statistical conditions.

The obtained data was processed with descriptive statistical analysis. The percentage
distribution of respondents' answers was calculated, comparing data between the groups by
using 2 test (significance level p < 0.05). The sample size of the study allows ensuring that
the statistical error of the results does not exceed 3.1 percent. Statistical analysis of data
was performed using the SPSS 20.0 program. A two-stage variable y? independence test
was performed to determine whether the respondent's characteristics (sex, age, etc.) affect
the distribution of answers to questions. Only those answers are used as evidence, in which
the test showed that the distribution of answers depends on the respondents' characteristics.

The study involved 57.7 percent men and 42.3 percent women. The majority of
surveyed farmers (38.3 percent) were respondents aged from 55 to 64; the second age group
(27.6 percent) was farmers aged between 45 and 54, respondents of 65 years and older
composed 23.9 percent. The smallest group of respondents is represented by youngest
farmers: 1.1 percent is up to 35 years and 9.1 percent aged between 35 and 44. The majority
of respondents (34.5 percent) had acquired professional education; farmers with acquired
upper and secondary education composed respectively 23.7 percent and 21.4 percent. The
smallest group of respondents according to their education consists of respondents with
lower secondary (4.6 percent) and primary education (1.6 percent). The majority (88.4
percent) of the surveyed farmers acquired education before 1990 (or in the Soviet period),
10 percent — before the Lithuania’s accession to the EU (i.e. in the period of 1990-2004)
and 1.6 percent in 2005 or later, i.e. after Lithuania's accession to the EU.

The majority of respondents (44.8 percent) are farmers whose farm size is up to 20
hectares (ha); 32.1 percent — from 20.1 to 50 ha; 13.7 percent — from 50.1 to 100 ha. The
smallest part of the respondents are farmers with farms of 100.1 to 500 ha (9.2 percent) and
more than 500.1 ha (0.2 percent).

According to the criterion of the duration of the activity, almost half of the surveyed
farmers (46.6 percent) started their farming activities 21 year ago or even earlier, a similar
proportion of respondents (43.1 percent) — from 11 to 20 years ago, and the youngest farms
with experience 10 and less years of farming composed 10.3 percent. More than half of the
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respondents (54.1 percent) have mixed (both crop and livestock) farms, 21.5 percent are
crop farmers, and livestock farmers compose 13.3 percent.

By summarizing the general statistical characteristics of the survey, it can be stated that
given data is representative.

Talking about research insights, it should be emphasized that representation of
agricultural producers’ interests in is inappropriate. Even 85.6 percent of farmers are not
members of any organization (e.g. association, union, confederation, etc.) and only about10
percent of farmers participate in activities of organizations of their professional area (Figure
2).

Does not belong to any organization B5|,6%

Member of agricultural cooperative | ] 7,3%

Member of agricultural producers branch

10,
association 1]2,4%

Member of non-agricultural sector
] 1,4%

organization

Other | |3,8%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Figure 2. Agricultural producers’ participation in organized activities.
Source: authors.

A similar portion of farmers shows personal initiative to cooperate having an aim to
protect common interests (Table 1).

On the other hand, 53.8 percent of respondents are ready to contribute in case of joint
activity were organized in their community or rural area, or area of their professional
expertise (Figure 3).

Table 1

Distribution of answers to the question “Have
you ever asked other farmers to cooperate
with the aim to protect common interests?”

No, | would

Frequency | Percent not like to Yes, I'm
Yes 147 13,3 contribute willing to
No 958 86,4 46,2% contribute

3,8%
Other 3 0.3 53.8%
Total 1108 100
Source: authors. Figure 3. Farmers’ willingness to contribute in

joint activity.
Source: authors.
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The contradiction between attitudes and behavior of farmers can lead to a question of
what determines the situation that farmers do not enter organizations for joint activities
although they have willingness for this. In order to answer this question, qualitative
research construct is modeled and presented further.

Construct of research on representation of associated agricultural producers®
interests: theoretical background

The plan of the research on associated agricultural producers® opportunities to satisfy
the needs of represented farmers was based on a theoretical basis which would allow to
explain the relationship between the society, country and business and would allow to
understand what principles and assumptions should be followed to coordinate the goals of
all sides.

Management theory analysis has allowed to distinguish three theories complying with
this goal: Transaction Costs Economics theory, Stakeholders theory and Network theory,
whereas principles of interest representation and stakeholders® participation in policy
making and implementation processes are explained by the concepts of participatory and
collaborative governance.

In this context, social partnership and interorganizational collaboration ideas were
taken into consideration. They allowed to emphasize the essential goal and principle
assumptions of joint actions of all stakeholders.

Transaction Costs Economics theory. Transactions costs economics theory (TCE) is
based on specific assumptions. The first assumption states that an individual‘s behavior is
opportunistic, and "self-interest is unconstrained by morality" [27]. The second assumption
regards the requirement for success. Here, "efficiency”" within predefined rules of the game
is the criterion that determines the desirability of the outcome [39]. However, actors will
not behave opportunistically by all means. The probability of opportunism occurring
increases as asset specificity increases [18]. ,,Opportunism occurs when outcomes are
highly uncertain, reputation is difficult to establish, and the payoff from opportunism in the
present period outweighs the discounted present value of future cooperation“[18]. On the
other hand, organizations have the ability to reduce opportunism through hierarchical
control [15]. Thus, collaborative activities between the transaction parties are of major
importance to the economic results the organization achieves. However, positive results are
not always achieved. For example, when the number of interacting sides with influential
power is low, competition occurs. It is especially relevant in the context of associated
agricultural producer organizations and their influence on country-level decisions on
agricultural sector. Ensuring that all stakeholders directly related to the decision are able to
adequately participate in decision making processes becomes a crucial factor.

Stakeholder Theory. The Stakeholder Theory (SHT) connects the economic and
social aspects of an organization and allows explaining the nature of relationships important
to the existence of the organization [11]. According to SHT, the interests of all stakeholders
are important, thus there should be no dominant interests [21]. An organization which takes
into consideration the interests of all stakeholders sooner or later wins the competitive
battle against an organization which only considers limited interests or bestows privilege on
a particular interest group [8]. On an interorganizational level, SHT allows to solve the
problem of organizational relations and interaction. The selection and inclusion of
associated stakeholders should depend on the relevant issue and tasks being solved by the
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organization in given circumstances. With this goal in mind, Mitchell et al. offer to
determine to what extent the stakeholders are significant in the organization, evaluating
three attributes of organizational relations: 1) power to influence the organization, 2)
legitimacy of the relationship between organization and the stakeholder and 3) urgency of
reacting to stakeholders” demands [28]. Stakeholders that correspond with only one
attribute are called latent; those that correspond with two attributes are called expectant
while those that correspond with all the attributes are called definitive stakeholders. It is
also possible that a group or organization does not correspond with any of the attributes, in
which case they are considered potential stakeholders. It should be noted that power,
legitimacy and urgency can change depending on circumstances. Due to this reason,
attributes may be gained or lost [28]. Thus, the significance of a stakeholder should be
evaluated every time taking into consideration both changes and reality. Moreover,
stakeholders can be external and internal, part of which can have overlapping interests. This
way, different stakeholders may have different opportunities for creating mutual benefit in
the stakeholder relationship [30].

Frooman refills SHT by claiming that stakeholders tent to influence organization
management and decision making: “The appropriateness of a stakeholder’s claim may not
matter nearly as much as the ability of the stakeholder to affect the direction of the firm.”
[12, p. 193]. Therefore, such characteristics of interaction as participation basis and
relationship structure should be taken into account for stakeholder analysis and mapping. A
proper understanding of stakeholders® interests and power is crucial for efficiency of
organization management.

The contribution of SHT should be exclusively mentioned when speaking about public
sector organizations. In this case, the term “stakeholders” covers the whole society or
especially large parts of it. Stakeholder engagement in solving issues of societal well-being
can therefore manifest through direct participation in activities of non-governmental
organizations, government bodies etc. (e. g. decision making) or indirect participation —
incorporating significant actors into stakeholder networks.

Network theory. Representatives of political science and sociology employ the
metaphor of network for explanation of political decision-making processes [32]. Network
is a dynamic structure involving entities in different volumes and intensities. Networked
organizations create a system of dependent variables without having a permanent
organizational structure [2].

Concept of network theory was based by Kickert et al. [23], while Agranof and
McGuire [3] processed the acquired empirical data and suggested a model of public
network management. The network theory states that the performance of an organization is
not based on hierarchical structures only, but on interaction between the components of the
network. Therefore, network theory emphasizes the importance of facilitation, which is
much more important in public sector. Facilitators must foster the members of the network,
organize joint meetings and act as mediators in disputes; also, they must avoid supporting
suggestions of particular interest groups and making one-man decisions [23]. The success
of network structures is largely determined by the executives of organizations who should
assume the function of a network conductor which is to create, manage and employ vertical
as well as horizontal linkages among stakeholders [3].

The difference between Network theory and SHT and TCE is that it discusses subject
relations, their directions and characteristics of the whole network rather than the
interaction between actors and their influence on one another.
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The principle assumptions of all three theories are widely reflected in participatory and
collaborative governance concepts which are important to consider to reasonably examine
the issue of stakeholder participation in policy making processes.

Concepts of participatory and collaborative governance. Collaborative governance
is defined as a structure and process of public policy decision making that involves various
stakeholders to carry out a public purpose. Meanwhile, participatory governance is
considered as involvement of public, private profit and NGO actors who are not normally
concerned with decision making [9; 29]. While participatory government is more focused
on questions on government counseling with stakeholders, collaborative governance
emphasizes the process of working together in particular. Both conceptions speak about
participation and collaboration in making policy decisions and assessment of social impact.
However, both of them have attributes characteristic only to one or another. According to
Huxham, ,,collaboration carries ideological connotations associated with participation and
empowerment. [...] Participation generally means engagement of stakeholders in the
decision-making processes that affect them.* [20, p. 340].

Concepts of collaborative and participatory governance deals with stakeholder
inclusion into decision making processes as a way to increase the social and economic
efficiency of the formed policy [4].

In order to implement collaborative governance conception in practice, it should be
accepted that public interest and overcoming society‘s problems is of highest importance.
In reality, it is complicated because interest groups compete with one another on a political
level. It is hard for interest groups to give up on adversarialism and corporatism just like it
is hard for the government to give up on managerialism [13].

Successful collaboration between stakeholders and the government depends on
engagement of key stakeholders because weak engagement of stakeholders undermines the
legitimacy of collaborative outcomes. Based on scientific research, authors state that
exclusion of stakeholders can lead to situation where alternative forum will be formed [4].
Thus, it makes sense that the results of collaboration become distorted while the decisions
that solve social and economic problems and due to which intersectoral collaboration takes
place are usually inefficient.

Therefore, it is extremely important to find a way to ensure a balanced stakeholder
participation in policy making in every case.

General provisions of inter-organizational interaction. The main value of
partnership and inter-organizational collaboration is the effect of manifold synergy between
actors, the goal they seek and processes they perform. Partnership is intended to implement
social, economic and political programs and to solve problems common to stakeholders
while collaboration is mainly characterized by the time given for joint work, especially to
reach high level of trust and joint resources, from material to intellectual [31].

In social partnership, joint activity of organizations functioning in different sectors is
of the highest value [34]; the competitive advantage is gained when neither partner can be
changed or eliminated due to its unique position [33]. Partners that share common interests
and joint goal rise to the next level of integration, the so called inter-organizational
collaboration. As collaboration is a voluntary commitment in its nature, joint action
requires stakeholders’ commitment to behave on a non-competitive basis [17]. As a result,
the live involvement of actors from organizations participating in joint activities, equal
status in decision-making, efficiency of internal communication and continuous and
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reciprocal informative relations with a target group are of highest importance in
collaboration [38; 16].

The more intensively the organizations are involved into joint activities, the closer
relations between them are formed and the higher joint results can be expected [36]. The
process of implementation of partnerships and collaboration is full of difficulties. Many
partnerships collapse due to bad understanding, incorrect allocation of costs and benefits,
and distrust [1]. Thus, the principle assumptions of partnership and collaboration formed by
scientists and verified by practitioners should be referred to by stakeholders with joint or
overlapping goals.

Methodological substantiation of the research construct

The qualitative research methodological construct is based on analysis of
beforementioned theories. It allows to identify the characteristics of associated agricultural
producers’ participation in agriculture policy making processes through economic benefit,
engagement and commitment, influential power, nature of reciprocal relations and potential
and constraints of collaboration (Figure 4.)

Formal procedural

hasis affecting the
practice of
stakeholder
participation {P&CG)
Engagement
Economic benefit of characteristics in the
interaction (TCE) stakeholder network
Balanced (NetT)
participation of
stakeholders
o Characteristics of
Characteristics of partnership and
stakeholder inter-organizational
management (SHT) collaboration (P&C)

Figure 4. Groups of characteristics of associated agricultural producer organizations’
participation in agricultural policy making processes.
Source: authors.

The distinguished characteristics of associated agricultural producer groups form a
basis to study the specifics of such producers’ participation in agricultural policy making
and to prepare detailed instrumentation for research on the balance of the satisfaction of
their needs and expression of interests. The instrumentation is schematically depicted in
Figure 5.

The hypotheses of the research could be verified by a quantitative research. However,
it is not the goal of this article and the instrumentation for quantitative research is not
discussed further in the article.
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Figure 5. The scheme of research on the balance of associated agricultural producers’ need
satisfaction and interest expression.
Source: authors.

In order to determine what opportunities associated agricultural producer organizations
have to express the needs and interests of their represented members, an expert, semi-
structured interview of farmer association leaders would be valuable. The interview would
be carried out in a homogenous sample because all agricultural producer organizations in
Lithuania and the EU have equal legal opportunities to participate in the policy making and
implementation processes while the leaders of associations can take on the initiative in
intersectoral activities in order to better meet the farmers‘ needs.

The interview questions were shaped on theoretical approaches discussed in the section
above. Theory-based battery of research questions are shown at a Table 2.

Table 2
A construct of an interview: theory-based battery of research questions

Q1 — Transaction Costs Economics theory (TCE):

What economic benefit the associations achieve both separately and together and what
benefit could they expect from participating in policy making processes?

Q2 - Stakeholder Theory (SHT):

How are the farmers* needs and expectations, and association ‘s interests taken into account
when forming agricultural policy at the State level?

Q3 - Network Theory:

How organized and enabling is the structure of associated agricultural producer network?

Q4 - Concepts of Participative and Collaborative Governance (P&CG):

What structures and processes ensure the engagement of stakeholders of different sector,
activity, volume and skills in the agricultural policy making processes?

QS5 - Partnership and inter-organizational collaboration (P&C):

How satisfied are the agricultural producers with their reciprocal partnership and
interorganizational and interinstitutional collaboration results and process?

Source: authors.
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The interview is designed to collect qualitative data required to better understand the
problem context of agricultural producers® expression of interest.

The questions of Ql group are meant to receive information about how the
representatives of associated agricultural producers evaluate the opportunity to express the
economic needs and interests of members they represent; if they have a possibility to
initialize decisions based on needs and interests and propose decision corrections; if they
collaborate with other associated agrarian organizations etc.

The questions of Q2 group help to find out if the needs expressed by agricultural
producers and their associated organizations are held equally important in making
agricultural policy decisions; how dominant interests are balanced out; how less active
associated organizations of agricultural producers are included etc.

Q3 group’s questions are meant to determine the existing relation structure by the
power to influence agricultural policy decisions on a state level;, how interorganizational
and interinstitutional meetings between associated agricultural producer organizations are
organized; what the essential characteristics of interorganizational relations in the
agricultural producer representatives network are etc.

Q4 group’s questions help to ascertain the principles of stakeholder engagement the
governmental institutions follow and to determine if this procedure allows to ensure a
balanced expression of interests as well as to find out what problems are solved by joint
work between groups or institutions etc.

Questions of Q5 group are designed to receive information on the level of trust
between agricultural producer organizations; what synergy stakeholder cooperation creates;
what prevents joining intellectual, material and other resources to achieve both agricultural
policy decisions that satisfy needs and interests and efficiency and effectiveness of activity
etc.

Semi-structure interview provides the researcher with the opportunity to shift the
conversation to relevant questions, ask additional questions or clarifications. Therefore, this
interview should not be taken as an instruction but rather guidelines that facilitate the
researchers® work and allow to maintain the theoretical methodological integrity of the
research.

Conclusions

The analysis of scientific literature allows to state that a scientific and practical
problem of stakeholder participation in policy making processes exists. In the context of the
common agricultural policy of the EU and particularly in the context of EU financial
support for agriculture, this problem is faced by a wide circle of stakeholders and becomes
especially sore because it deforms the opportunities of big and small farmers to defend their
interests.

In order to solve this problem, the article forms a theoretically and methodologically
substantiated construct of associated agricultural stakeholder organizations® influential
power and participation in agricultural policy making. Based on the Transaction Costs
Economics theory, Stakeholder Theory, Network Theory as well as the concept of
Participative and Collaborative Governance and concept of partnership and inter-
organizational collaboration, the following were achieved:

a. Characteristic groups of associated agricultural producer organizations® participation
in agricultural policy making processes were distinguished;

b. A scheme of research on the balance of need satisfaction and interest expression of
associated agricultural producers was compiled;
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A theory-based battery of interview questions for further research of stakeholder in
agriculture was formed.
Research proposed in the article could strengthen the assumptions for better

opportunities to take agricultural stakeholder needs into consideration when forming and
implementing agricultural policy. It should be emphasized that the implementation of
interests based on needs, not wishes, principles or intent should become a core task for
policy makers. In order to do so, it must be ensured that stakeholders® influential power is
balanced, and the needs of all interest groups are appropriately evaluated.

Research on representation of agricultural producers’ interests, conducted based on the

theoretical and methodological construct of the research would allow to systematically
gather qualitative data and better substantiate recommendations to politicians and
representatives of agricultural producer associations who seek to more efficiently engage
and participate in agricultural politics.
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AHoTauii

XapuoBi TexHosnorii

BmiinB MeTH/IZKACMOHATY, CATIIUIOBOI KUCJIO0TH Ta ACKOPOIHOBOI KMCJI0TH Ha SAKIiCHI
MOKA3HUKH NoJyHH4HuX mioAis (Fragaria x ananassa Duch) nix yac xomognoro
30epiranust

Mepab Arenri, JleBan ['ynya, Tamapa Typmaninze
Aepapnuii ynieepcumem I pysii, Toinici, I py3isn

Beryn. IlpoBeseni 10CiiDKEHSH 3 METOI0 BUBYEHHSI KOMOIHOBaHOTO €(heKTy PO3UHHY
METWIDKACMOHATY, CaJilMIOBOI KHCIOTH Ta AacKOpOIHOBOI KHCIOTH Ha 30epiraHHs
TIOJYHUYHHUX TUIOMIB.

Martepianu Tta mMeroau. AHTOIIaHU KiTbKiCHO Bu3HaueHi pH-andepenniioBaHuM
MeTo/oM. 3araiibHi ()EHOJBbHI CHONYKH BHU3HAYaId 3a Jonomoror peareHry omiHa-
[uxanbre. Ananmiz FRAP (BimHoBneHHs ¢mroopecueHuii micinst ¢oro3HeOapBiIeHHS )
3aCTOCOBYBJIM JUISI BU3HAUEHHS AHTHOKCHUAAHTHOI aKTHUBHOCTI. Bu3HaueHHs OKpeMux
aHTOLIaHIB MPOBOIMIM 32 JIONOMOIOI0 BHCOKOE(EKTUBHOI piAMHHOI Xpomarorpadii
(HPLC) i3 BHKOpUCTaHHSM pigMHHOrO Xpomarorpada mapku Varian-Prostar-500. Anaii3
TEKCTYPH MOJTYHHULI TPOBOAMIM 3 BUKOPUCTAHHSIM aHaJi3aTopa TEKCTYP.

Pesynbratn i o0ropopenHs. JIOCHiDKEHO BIUIMB KOMOIHOBAaHOTO PO3YUHY
MeTMIIOBOTO skacMoHaty (MJ), caninunoBoi kuciotu (SA) Ta ackopOiHOBOi KucaoTH (AA)
Ha 30epiraHHs MOJYHWYHUX IUIOAIB (coptTiB Bikropii Ta Kamaposm). OOpoOieHHst 3a
nonomororo MJ, SA Ta AA NO3UTHBHO BIUIMHYJIO Ha piBeHb BMicTy BiTaminy C y miogax
MIONYHHUII 1TiJ] yac 30epiraHHs. 3araibHi aHTOI[IaHU B KOHTPOJIBHUX 3pa3kax copty Bikropii
MOCTYIIOBO 3HIKYBAIUCH 3 21,35+£1,06 mo 13,35+0,66 mr/100 r Ha 13-ii meHp 30epiraHHs.
CTocoBHO 00pOOJICHHX 3pa3KiB, TO BMICT aHTOIIaHIB 3MeHITyBaBcs 10 15,49+0,77 mr/100
r. Y 3paskax copry Kapamosa 3aragpHuil BMICT aHTOIiaHiB 3HH3UBCS 3 46,93+2,34 no
20,41+1,02 i mo 34,59+1,72 mr na 100 r mioaiB y KOHTPOJBHUX 1 0OpOOJIEHMX 3pa3Kax
BianoBinHO. 3araneHi (eHonbHI crioayku (3PC) y KOHTPOJIBHUX 3pa3Kax copTy Bikropis
cnodatky ckiaganu 129,86+6.49 mr/100r, a B KiHII EKCIEPUMEHTY 3HH3WIHCSI a0
111.154£5.55 mr/100 r, y Toi wac 5K y JOCHipKyBaHOMY 3pasky 3®C zamummaiucs
nesminaumu. 3OC B Kapamosa criouatky Oynau Ha 40% Oinmbine, Hix y Bikropii, To0TO
crmagamu 181,5149,07 mr/100 r. Ilicns 13 ni6 36epiranns 3®C 3meHnryBamucs 10
131,00£6,55 1a mo 150,2+7,50 mr/100 r y KOHTPOJBHHMX Ta OOpPOOJCHHX 3pa3kax
BiNMOBigHO. BB 00poOKM OyB CTAaTUCTUYHO Ta MPAaKTHYHO 3HAuymmm. Ilig dac
30epiraHHs aHTUOKCHJAHTHA AaKTUBHICTh IUIOJIB 3MEHIIyBajacs IIOCTYIIOBO. 3MiHa
QHTUOKCUJIAHTHOI aKTHBHOCTI 00poOJIeHHX 3pa3KiB OyjJa MEHII 3HAYHOIO, HDK Yy
HeoOpoOIeHOMY 3pa3ky, To0To Ha 17,9 Ta 23,3% mis wionis coptiB Biktopis Ta Kamapoca
BimnoBigqHO. OCHOBHHMM AaHTOI[IaHIHOM Yy IUIOAaX 000X COpTiB OyB memaproHiguH-3-O-
DIOKO31. MOro MmoYaTkoBHil BMICT y Ioaax craHoBuUB 68,45+3,42 i1 65,28+3,26% Bin
3araJbpbHOI KiJIbKOCTI aHTOIiaHiB Jyisi copTiB BikTopii Ta Kamaposu BinnosiaHo.

BucnoBok. OOpoOka (pPYKTIB CYHHUIIl 3a JOIIOMOrOl0 KOMOIHOBaHHX pPO3YHHIB
METWIDKACMOHATY, CANILMIOBOI KHCIOTH Ta aCKOpOIHOBOI KHUCJIOTH ITO3UTUBHO BILUIMHYJIA
Ha 30epiraHHs IuIONiB. BwMicTy aHTOmiaHiB Ta 3aragbHUX (EHONIB, a TaKOXK
QHTHOKCHJIAHTHOTO ITOTEHIIATy IPOTIroM Iepiofy 30epiraHHs Oyj0 3HAYHO ITiJBHIICHO.
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OO0poOIeHHST KOMOIHOBAaHUM PO3YMHOM IMPU3BENIO J0 MOMIMIICHHS TEKCTYPU IUIOMIB ITiJ
gac mporiecy 30epiraHss.

KarwuoBi cioBa: noaynuys, (enon, anmuokcuoanm, ammoyian, MemuiicacMoHam,
Caniyuno8a Kucioma, ackopoinoea KUcioma.

®opmyBaHHA (PYHKIIOHAJBHO-TEXHOJOTTYHUX BJIACTHBOCTEH (papiliB 3 AIIOBUYMHH 3
BUKOPHCTAHHAM Xap40BOi 100aBKH HA OCHOBi HAHOMOPOLIKY MOABIiHOr0 OKCHIY
JBO- Ta TPUBAJEHTHOIO 3aJ1i3a

Ipuna [{uxanosceska', JTionmuma Ckypixina®,
Bixropis €snaur’, Jlapuca ITaiorpka’
1 — Vxpainucera inocenepno-nedazoeiuna axademis, Xapxis, Ykpaina,
2 — XapkiecoKuil 0epaicasHull yHigepcumem xapuyeants ma mopeieni, Xapkis, Yrkpaina

Beryn. JlocnimkeHo BILIMB Xap4oBOi J00aBKM Ha OCHOBI HaHOIOPOIIKY ITOJBIHHOrO
OKCHJY JIBO- Ta TPUBAJICHTHOrO 3aji3a Ha MOKa3HUKH SKOCTI M TEXHOJIOTIYHI BIACTUBOCTI
M’SICHUX (apIIiB 3 SJIOBUYUHU.

Marepianu i meToqu. M’sicHi ¢apuii 3 SUIOBUYMHHM, B SIKi JIOAABaJIH HAHOIOPOIIOK
MOABIHHOTO OKCUAY JIBO- T TPUBAJIEHTHOTrO 3amiza y Kinbkocti 0,05 — 0,15 %. Bonoro- ta
KUPOYTPUMYBAIILHY 3JIaTHICTh BH3HAYallk 3a JIONIOMOTOI0 XHpoMipa Ta pedpakromerpa;
CTIHKICTh (papmieBHX eMyJbCii — METOIOM UEHTPU(YTYBaHHS; CTYIiHb IIEHEeTpamlii Ta
TpaHUYHE HANpPYXEHHS 3CYBYy — Ha KOHYCHOMY IUIACTOMIpi; JIMIIKICTh — 32 BEIMYHHOIO
3YCHIIISL PO3ZUICHHS JBOX MOBEPXOHb, 3B’ sI3aHUX (hapIieM.

Pe3ynbraTi i 00roBOpeHHs. 32 paXyHOK BEJIUKOI'O ITUTOMOTO 00’ €MY, CITOPIIHEHOCTI
0 OlKiB, OaKTEpPiOCTATUYHOCTI, BHCOKOTO XIMIYHOrO MOTEHIaNy i TepMOCTaOlLIbHOCTI
HAHOMOPOUIOK TOJABIHHOTO OKCHIY JBO- Ta TPUBAJIEHTHOTO 3ajli3a Mae COpOLiiiHi,
KOMIUIEKCOYTBOPIOIOUi, €MYJIBI'YIOUi, BOJOr03B’S3yI0Ui, BOJO- 1 IKUPOYTPHUMYBaJbHI
BinactuBocti. Tomy cmpusie (OpMyBaHHIO HOBHX (DYHKIIOHAJIBHO-TEXHOJIOTIYHMX
MOKa3HUKIB M’SICHHX (haplIeBUX CHUCTEM 1 TMOKPALIEHHIO CIIOKHBYUX XapaKTEPUCTHUK
oJiep)KaHNX 3 HUX TOTOBUX BUPOOIB.

BBenenns xap4yoBoi 100aBKM Ha OCHOBI HAHOITOPOIIKY IMOJBIHHOIO OKCHIY ABO- Ta
TPHUBAJIEHTHOTO 3aiiza y ¢apun 3 suoBuduHH y KimbkocTi 0,05-0,15% mo macu m’sca
CrpHsie TIOKpalleHHI0 opraHojentuyHux (Ha 1,0-1,2 Gama 3a 9-0ajbHOIO IKAJIOW) Ta
(YHKI[IOHAJTHHO-TEXHOJIOTTUHIX MTOKa3HHUKIB MOPiBHSHO 3 KOHTPOJIEM:
BOJIOTOYTPUMYBaJIbHa 3JaTHICT 30unblryerbess Ha 1,1-2,0%; KupoyTpUMyBajbHA
3matHicTh — Ha 1,2-2,6%; emynbryroda 3maTHicth — Ha 1,3-2,0%; cTabinbHICTH abo
CTi#iKicTh (apmieBux emynbeid — Ha 1,4-2,1%. Takox copuse 3MEHIICHHIO PIiBHS
3ara;bHOr0 MikpobHOro 3aGpymuenus 3 6,2x10° KYO/r — y kontpom mo (5,1-5,8)x10°
KYO/r y 3paskax, 30arauenux Fe;O4, T00TO Ha 6,5-19,6%. BTpaTn mpu TepmMooOpooIi
JOCTITHUX 3pa3KiB oxonomkeHux ¢apiris 3 nogasanasM 0,05-0,15% Fe;O4 3MeHIIyrOThCS
Ha 14,4-18,4 %.

ParionanpHa KiNBKICTH XapyoBOi JI00aBKM HAa OCHOBI HaHOIOPOIIKY IOJBIHHOrO
OKCHIy JBO- Ta TpUBajeHTHOro 3ami3a — 0,1% 10 Macu M’sCHOI CHPOBHHH.

BucnoBku. XapyoBa j100aBka Ha OCHOBI HaHOITOPOILIKY IOABIHHOIO OKCHIY JBO- Ta
TPUBAJIEHTHOTO 3ajli3a MOKpallye SKICTh 1 TEXHOJNOTiYHI XapaKTepUCTHKH M’ SICHUX
(dapIeBUX CHCTEM.

KurouoBi ciioBa: v sico, ghapw, oxcuo 3aniza, sikicme.
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XimMiyHuUii cKkaaa JUCTS TYHBOU CIHHOI

. sl 1 1 2
Bipa O6onkina ,Tamapa Hocenko , Onbra J[3urap , JI>xaman Paxmeros
1 — Hayionanvnuii ynieepcumem xapuosux mexuonociu, Kuis, Yxpaina
2 — Hayionanvnuti 6omaniunuti cao imeni M. M. I puwuxa HAH, Kuis, Ykpaina

Beryn. [locnmimkeHo XiMIUHMH CKJIaJ JIMCTKIB TYHBOM CIHHOI, SIKa € JDKEpEesioM
010JIOT1YHO-aKTUBHUX PEYOBHMH 1 BHKOPHCTOBYETHCS SIK MPSHO-apOMaTHYHAa CHPOBHHA B
KOHJJUTEPCHKHX BUpOOax.

Marepianu i meromm. JlocmipkeHHS XIMIYHOTO CKIJIQJy IPOBOIWIN METOJAMH:
YABTPALIBUIKICHOT BHCOKOE(EeKTHBHOI piAMHHOI XpoMaTorpadii; crnekTpockomii; razoBoi
xpomarorpadii 3 Mac-CeIeKTHBHUM JIETEKTYBaHHAM. JIJIs1 MOCIIDKEHHs CKIAAy arjliKOHIB
€KCTPaKTIB JINCTS OYyJIO BUKOPUCTAHO KUCIOTHHHU Tigpoii3. Ilicist mpoBeneHHs Tigpodisy,
arJikoHM ~ eKCTparyBajd  €THaleTaToM, eKCTPaKTH  BUKOPUCTOBYBANU  JUIS
xpomarorpagiunoro anamizy. Jus imentudikamii KOMIOHEHTHOro ckiamy Oyio
BHUKOPHCTaHO METO]I IepUBATH3AIII].

Pesyabratn i o0roBopeHHsi. Y CKiaji JHMCTKIB T'YHbOM CIHHOI MiJTBEPKEHO
HasIBHICTh (DEHOJBHUX CIIONYK, (PEeHONKapOOHOBUX KHUCIIOT, XJjopodilry, aikanoimy
TPUTOHENIHY, SIKI MalOTh BHCOKUN aHTHOKCHJAHTHUHN MOTEHIIak. 3 JITepaTypHHUX JDKEpe
BiIoMO, 1O ()EHONBHI CIOJYKH Yy POCIHHAX PIIKO 3yCTPIYalOThCS Y BUIBHOMY CTaHi.
Binpmricte ix mpencraBieno y Burisial pizHomaniTHHX O- 1 C-ritiko3ufiB. PizHOMaHITTS
(I1aBOHOIHMX TIIIKO3UAIB OOYMOBJIEHO 3HAaYHMM HAa0OpOM IYKPIB 1 MOXKJIMBOCTSAMHU
MIPUETHAHHS 1X 5K arJliKOHIB, a TAaKOXK THM, IO IIYKPH MOXKYTh MaTH Pi3Hy KOHQIrypamito
IUIIKO3UAHUX 3B’sA3KiB. Y TIpoIeci JOCTIDKeHb ineHTU(IKOBaHi: Jykco3a, Oera-dl-
apaOiHoIipaHo3a, Cykpo3a (Iykposa), padiHo3a, MIilepuH, KCHIiTol. JoBeneHO HAsIBHICTh
amiHokucnor: L-ananiny, L-Baminy, L-npominy, L-tpeoniny. InmeHTn¢ikoBaHi Takox
OKCOOITOBA KHUCJIOTA; CYKIMHOBAa KHUCIOTa; 2, 3-JiOKCHUIIpONaHoBa Kuciora; 2, 3, 4-
TPHUTiIPOKCUMACIISIHA KMCIIOTA; MajJbMITHHOBA KUCJIOTa; allb(a-TiHOJIEHOBA KHCIIOTA.

Edipna omist ryHpO0M MIiCTUTB: TeKcaelleH, eHKOCaHOI, eTHIINAbMIHAT, eTUILTIHOMAT;
JIHOJICHOBY, O€Ta-TipOKCUMACIsIHY, OeTa-aMiHOI30MacIIsIHY, TiAPOKCHOYTaHANKapOOHOBY,
1, 2, 3-nponaHTpUKapOOHOBY KHCJIOTH; ETWJIOBI edipu JIHOJEHOBOI, JIEBYIIIHOBOT,
MaJbMITUHOBOI, CTWIMAJIbMITHHOBOI, JUMOHHOI KHCIIOT, 5Ki, HMOBIpHO, (OPMYIOTh
(eiiBop NpsTHO-apOMAaTHUYHOIT CUPOBHHH.

BucnoBkn. HasBHiCT, y JHCTKaX TYHBOM (EHONBHUX CIONYK, E€CEHIaJbHUX
HYTPIEHTIB, apOMaTHYHUX PEYOBHH MA€ CIPUATH TMOAOBXKEHHIO TEPMIHY NPHUIATHOCTI,
MiJIBUIIEHHIO  XapyoBOi I[IHHOCTI, TMONIMIIEHHIO OPraHOJENTUYHUX BJIACTUBOCTEH
KOHJIUTEPCHKUX BUPOODIB.

Kunro4osi ciioBa: eynvba cinna, aucmsa, npanowi, apomam, Qeron.

3MmiHa xosiecTepuHy Ta BMiCT BUIbHUX :kupHUX KucJ0T y cupi Kape I'pyep
(Typeubkuii MOJIOYHMI NPOAYKT, BUPOOJEHU TPaIHIiiHIUM c1Ioco0oM)

Acst Yerinkas', Parix O3’
1 — Kagrasvxuii ynisepcum, Kapce, Typeuuuna
2 — Vuieepcumem «Amamypxy, Epzypym, Typeuuuna

Beryn. [IpoBeneHo moCiipKeHHs 3MiH CITiBBITHOIICHHS BITBHUX JKUPHUX KHCIIOT Ta
xonectepuny B cupi Kapc I'peliBep, BUTOTOBICHOMY y TpaJuIidHUI CIIOCIO, 3aJIKHO Bif
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TPUBAJIOCTI JI03PiBaHHs, a TAKOXK )KUPHOKUCIIOTHOTO CKJIANy 1 PIBHS XOJIECTEPUHY 3aJI€KHO
BiJl TPHBAJIOCTI JO3piBaHHS CHPY.

Marepianu i MeTogu. BwmicT sxupy y 3pa3kax cHpy BH3HauYaId MeTonoM I epOepa.
Jnst  imeHTHdIKAIT OKpEMHMX JKAPHAX KHCIOT 1 BH3HAUCHHS BMICTY XOJICCTCPUHY
BHUKOPHCTOBYBAJIM XpoMmarorpadiro 3 ruiaMeHeBo-ioHizauiitanm nerexryBanasm (GC/FID).

Pe3ynbraTi i 00roBopeHHsi. BcTaHOBIICHO, IO BMICT JXKHPY V 3paskax cupy Kapc
I'paBiep  cranoButh 27,0-38,50%. MacoBa YacTKa XOJECTEPHHY B 3pa3KaX CHPY
KonuBaeThes Bim 45,70 mo 55,80 mr/100 r mig wac mo3piBanHA mpotsarom 90 mHiB. Y
spaskax cupy Kapca I'paB'epa BusiBieHo 16 HaCHMYCHUX 1 HEHACHYCHUX >KHPHHUX KHCJIOT.
Takox Oynmo 3a3Ha4YeHO, IO Yy 3pa3kax CHpPY ['paBiepa BMICT JICTKHX J>KHPHUX KHCIOT
(MacysHOT KHMCIIOTH Ta MIpUCTHHOBOI KUCIIOTH) 30UmbInyeThest no 25-ro qusa (P <0,01) i
3MEHIIYeThest 3 45-ro aus 10 90-ro aHsA. BMICT BUIBHUX XHPHUX KHUCIOT (MAJIBMITHHOBA i
JIHOJIEBA KHCIIOTH) 3arajioM 3MEHIIYIOThCS 110 25-ro AHs, a TMOTIM 3HOBY MOYHHAE
30ibLIyBaTHCS 1 3pocTae o KiHI mepiony ao3piBanHs. [licms 90 mHiB 30epiranHs cupy
Kapca I'paB'epa BMICT MaJbMITHHOBOI, OJIETHOBOi, MIpICTUYHOI Ta CTEAPHHOBOI KHUCIOT
CTaHOBUTh OJM3bkO 74,29% Big 3arajdbHOl KITBKOCTI BUIBHHUX JKUPHUX KHCIOT. Y
JIOCITI/PKYBaHUX 3pa3KaX OCHOBHHMH HACHYEHUMU KUPHUMH KHCIOTaMH € TaJIbMITHHOBA
Ta CTeapuHOBa KUCIIOTH. Byro mokasaHo, o ojefHOBa KHCJIOTA - IOMiHYylO4a HEHaCHYeHa
KMpHa KUCJIOTa. Y 3pa3Kkax CHpYy BMICT MoHOHeHacwdeHuX >XUpHHX kucior (MUFA) i
nojiHeHacuueHux JKUpHUX kucaor (PUFA) cramoButs 28,38-32,37% i 1,59-1,84%,
BignoBinHo. /st 3pas3ka cupy Kapca I'pasiepa innexc areporennocri (Al) cranoButs 2,57—
3,04.

BucnoBok. JKupHi KHCIIOTH € TONEpPEIHUKAMH apOMaTHYHHUX CIOJNYK, TaKUX SK
BUJIbHI JIETKI JKUPHI KUCIIOTH 3 KOPOTKHM 1 CEpEe/IHIM JIaHIFOTOM, a TaKOX ETHJIKETOHH,
eTepu Ta TIOETEepH, IO YTBOPIOIOTBCS B CHUPI BHACIHIZOK IIepediry pi3HOMaHITHHX
OioxiMiuHMX mpoleciB. HasBHICTH 3HAYHOI KIJBKOCTI XKHPHUX KHCIOT 3 KOPOTKUMH Ta
cepeHIMH JIaHIFOTaMU € TIPUYMHOI0 apomary cupy [ pasiep.

Karwuosi ciioBa: cup, epyep, xonecmepun, scupui kuciomu.

InenTudikanis 64K0TUHOr0 BOCKY Ta iioro panbcudikaty MmeTogoM iHppayepBoHOI
CIEeKTPOCKOmii

Bonoauvup Bummmsik', Oner JlimiTpies?,
Csitnana JlitBunuyk', Banepiit JJoMGpOBCHKHiT
1 — Hayionanvruil ynisepcumem xapuosux mexuonoeit, Kuis, Ykpaina
2 — Incmumym @hisuxu nanisnpogionuxis imeHi B. €. JlamkapsoBa HAH Ykpainu, Kuis
3 — TOB «Kuisobnboacononpomy», bosipxa, Ykpaina

Beryn. BusHauyeHHsI CHEKTpalbHUX OCOOJIMBOCTEH IMPHPOMHOTrO OJHKOIUHOTO
Bocky Metonamu iHdpadepBoHoi (IY) cnekrpockormii BiiOMBaHHS Ta MOTIMHAHHS 3 METOIO
BUSIBJICHHSI HASIBHOCTI BYIJIEBOJAHEBUX JIOMIIIOK, 30KpeMa napadiny Ta epe3uHy.

Marepianu ta mMeroau. HarypanpHuii OmKoidwHMN Bick, mapadiH, IEpe3HH, a
TAKOX IX CYMIIIi JIOCIIDKYBAJIKCS METOIOM 1H(PadepBOHOI CEKTPOCKOIIT BiIOUBaHHS Ta
TIOTJIMHAHHSA 32 JIonoMorolo criekrpomerpiB Infrapid-61, Luminar 5030 Ta SPECORD M-
80.

PesyabraT Ta o6roBopenHsi. [HppauepBoHi CrieKTpU BiAOMBAaHHS Bi TIAJKHX
MOBEPXOHb 3pa3KiB (mapadiH, Hepe3uH, BiCK, CyMill OPKOJIMHOTO BOCKY Ta LEpE3HHY,
cyMill BOCKy mapadiHy Ta Iepe3nHy, CyMill BOCKYy Ta mapadiHy) MaroTh MoaiOHy
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cTpykTYpy. CHOCTEpIratoThCs JBa SBHO BUPaXKCHI MaKCUMYMH Ha JTOBKHMHAaX XBHWIb 1510
ta 1581 M. CriBBigHOmEHHS Ryis31y/Rwis10) 3MiHIOETBCS Y miamasoni Big 1,115 go 1,265.
HaiimeHiie 3Ha4yeHHs BiJIOBiJa€ HaTypalbHOMY OJDKOIMHOMY BOCKY, a MaKCHMaJIbHE
3HAYCHHSA — Iepe3uHy. [licas moapiOHeHHs 3pa3ka iH(PaYepBOHI CIEKTPU TUPY3HOTO
BiIOMBaHHS HE 3a3HAJIM CYTTEBHMX 3MiH, HAHOLIBIII IHTCHCUBHI CIICKTPaTbHI MAKCUMYMH HE
SMIHWJIM CBOTO TIOJIOKCHHS, ajie BiZOYBCS TEPEepO3MOIT CHCKTPaJbHUX JIHIN 3a
iHTeHCHBHICTIO. YiTKO BUpakeHi BiIMiHHOCTI B obOnacTi Bix 1723 mo 2400 um. Koeditient
o JUIS CIIEKTpIB BiJIOMBaHHA BiJ TJaaKoi TOBEpXHI CTaHOBMB ~1,2, a Uil CIEKTpiB
BIIOMBAHHS BiJl MOAPIOHEHUX 3pa3kiB ~1,1. BinMiHHOCTI CIIeKTpiB BiAOMBaHHS B 00JIACTI
cnekrpa Big 1100 10 1350 HM nposIBISIIOTECS Ha TOBXKHHI XBUITi 1212,5 HM.

Crnektpu [Y-cmektpa Jnamu 3Mory 3'sCyBaTH pI3HHUII0 MiX HPUPOIHUM
O/DKOJTMHUM BOCKOM 1 LIEPE3UHOM 4Yepe3 CHIBBIJIHOIICHHS XapaKTEPUCTUK BIAOUTTS MpH
1510 ta 1581 HM: MaxkcuMaibHE BIJHOUIGHHS BiJIOBIJaJIO BOCKY, a HalMeHIIe
BINHOIIEHHS — Ilepe3uHy. Pi3HI mpomopuii CcMyr, MO0 BiAIOBITAIOTh BaJCHTHUM
konuBaHHsIM CH, ta CH;, mokasasnu, 1o ByrJieBOJHEBI JIAHIIO)KKH MOJIEKYJI BOCKY JIOBIIII,
HDK MOJIEKYJIM JTOCHTI/DKYBaHHMX mapagiHy Ta Lepe3nHy. BCTaHOBIIEHO, 11O BYIJIEBOJHEBI
JOMILIKH B GIKOMMHOMY BOCKY aCOLIIOIOTHCS 13 3ByKeHHsM cMyri C = O mpu ~ 1736 em ™.

BucHoBkn.  BusBieHi  CHEKTpajibHI  3aKOHOMIPHOCTI  JaayTh  3MOTY
inenTH(iKyBaTH HATYpaIbHUN OPKONMHUN BICK 1 BUSIBUTH HOTO (asibcudikar.

KurouoBi ciioBa: sick, napagin, yepesun, cnekmpockonis, anvcugikam.

IIporuMikpoO6Hi BJIACTHUBOCTI MOAETBHUX NPENAPaTiB Y CHCTEMHIH KOHIenmuii
3/10pOB's1

Mukona Oceiiko', Bacuis Illepunk’, Onena [Tokpuiuko’
1 — Hayionanvnuii ynieepcumem xapuosux mexuonociu, Kuis, Yxpaina
2— "Mixpoxipypeia oueii Bacuna [llesuuxa", Yepnicis, Yxpaina
3 — Teproninvcoruil Oepacasruti meouunuil yuieepcumem imeni I A. I'pobauescvroco
Minicmepcmesa oxoponu 300pos’ss Ykpainu, Tepnoninw, Yrpaina

Beryn. Mwu  mpoananizyBanM  NMPOTUMIKPOOHY €(QEKTHBHICTH JOCIIHKYBaHUX
npenapariB cepii KTIOJI-b® Ha cranmapTHHX KynbTypax MiIKpOOpraHi3MiB: S. aureus,
Escherichia coli, P. aeruginosa Ta S. saprophyticus.

Marepianu Tta metonu. [locmimkyoTbess MonenbHi npemapatu cepii KTIOJI-b®
(biomoriuno (yHKIiOHAMBHI). IIpemapatu CTBOpeHI Ha OCHOBI POCIMHHUX 1 TBapUHHHUX
€KCTPaKTIB, IO MICTATh PO3YMH HOMy a00 HE MICTAThH Horo. SIk KOHTpOJIb BUKOPHCTaHO
npernapary MoBifoH-ioy Ta xyopodininT. [IpoTuMikpoOHI BIaCTUBOCTI 3pa3KiB MpenapariB
BU3HAYMIIM 3a Moau(ikoBaHUM MeronoM audy3ii ("cTiHHMK" MeTon) Mmoxo 30iNbIICHHS
BEPXHBOI'O Jlialla30Hy OILiHIOBAHHSI.

Pesyabratn i o6roBopeHHsi. HaykoBMM mMiqrpyHTSIM JOCHI/KEHHSI € CHCTEMHA
KOHIICTIIIiS 3J0POB’ s, IO PO3POOJICHA HAa OCHOBI €KOJIOro-TexHojIoriuHoi cucreMu KTIOL-I
i ¢izionoriuno gynkuionaneHoi cucremn KTIOL-II. Ilpenapar Ha OCHOBiI POCIMHHOI'O
eKCTpakTy 3a0e3NeyrB IOYAaTKOBUH XOpOWIMH MPOTUMIKpOOHHMH edekT Ha BCi
JIOCITIJKYBaH1 MiKpoopraHi3Mu. BBesieHHs 10 Ipenapary Ha OCHOBI €KCTPAKTIB POCIIUH 1 Ha
OCHOBI POCIMHHHX Ta TBapUHHUX EKCTPAKTIB 3 PO3YMHOM HAHOPO3MIPHHX YacCTOK
KOJIOiqHOrO cpibia o 35 Mac. % TPOXH 3MEHIIMIO MPOTHMIKPOOHY 0 3pa3KiB MIONO S.
aureus i S. Saprophyticus. 3pa3ok Ha OCHOBI POCIHHHHX i TBAPUHHHX CKCTPAKTIB ITOKA3aB
rapHuii mpoTtuMikpoOHuii edekr Ha Mikpoopranismu S. Saprophyticus, E. coli, P.
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aeruginosa. 3pa3ku MOKa3alW XOPOUIMH MPOTUMIKpOOHMH edeKT Ha BCi JOCIiIKyBaHi
MIKpPOOpTaHi3MHu.

MojenpHi 3pa3kd Tpemapary Ha OCHOBI NBO(A3HMX POCIHHHAX MOAU(DIKOBAHHX
eKCTpakKTiB 3a0e3neywian Ayxe JA00py IHTEerpalibHy MNpPOTHMIKpOOHY Jif0 Ha BCi
JIOCITI/PKYBaHI MIKpOOpraHi3MH. I3 HUX JBa 3pa3Ku Ha OCHOBI €KCTPaKTiB POCIHH Ta Ha
OCHOBI POCIIMHHUX 1 TBAPUHHHUX €KCTPAKTIB BUSBUIIM BUCOKY NMPOTUMIKpOOHY JIii Ha HITam
KUIIKOBOI MaJHYKH (JiamMeTp 3aTpuMKH pocty 30 MM).

[linTBepmKeHa MOKITUBICTh BUCOKOI aHTUMIiKpoOHOT aii Ha mtaMm E. coli (3aTpuMka
spoctanHsa giamerpa 30 mm). lle NOB'sA3aHO 3 KOMIUICKCHOKO JTi€I0 IUX JBOX 3pa3KiB Ha
JIOCITIJPKYBaHI TPaMIIO3UTUBHI 1 TPaMHETaTUBHI IITAMH MiKPOOPTaHi3MiB.

BucnoBku. BuseieHa Ta miATBEp/KEHA MOXIIUBICTH BHCOKOI IPOTUMIKPOOHOT
aKTHBHOCTI 3pa3KiB Ha OCHOBI JBO(A3HOrO POCIMHHOIO EKCTPAKTy Ta Ha OCHOBI
POCIIMHHOTO CGKCTpPakTy 1 po3umHy #Womy Ha mTam Escherichia coli. Ti »x cami 3pasku
MOKa3aJM BHCOKI Ta XOpOIIl HMPOTHUMIKPOOHI BJIACTUBOCTI SIK Ha IHIIMX INTaMmax, Tak i
IHTErpaJIbHO.

Karouosi cnosa: KTIOJI, mikpoopeanizm, pesucmenmuicms, E. coli, anmumixkpoonutl,
300p08's.

Hocaigxenns: pyHKIiOHAJIBHO-TEXHOJIOTTYHUX BJIACTUBOCTEN 0iIKOBOro KOMIO3UTY
TBaPUHHOTO MOXO/I:KEHHSI

Hatans IToBaposa, Jlrogmuna MenbHUK
Ooecvka HayionanbHa akademis xapuosux mexuonozit, Odeca, Ykpaina

Beryn. Metoro  fmocnipkeHHsST € BUBYEHHS (YHKIIOHANBHUX 1 TEXHOJIOTIYHUX
BJIACTUBOCTCH OTPHMAHUX OITKOBMX KOMIIO3MIIIA 13 M'sca MNTUII Ta BHU3HAYCHHS
OIITHUMAJIBHOI 3 BACOKUMH MTOKa3HUKAMH SKOCTI.

Marepianu i Meromm. JlochmimKyeTbcs M'SICO MEXaHIYHOrO OOBAJFOBAHHS IITHIII,
¢ineiiHa YacTMHA TNTHUIN, OKOPOK 13 INKYPOIO, SIKE TiJIaBajgocs MiKpOXBHUIBOBOMY
BaKyyMHOMY CYIIiHHIO 3 BOJIOTicTIO He Oinbme 5%, roTtoBi 3pasku Mepro 85
(ToyuTaHACHKKOrO BUPOOHMKA) — TBAPHHHI OLTKHM BEJTUKOI poraToi Xymoou Ta Sunprotein —
POCITMHHUIA O1JTOK.

Pesyabratn i odroBopennsi OTpuMaHi pe3ysibTaTH CBiYaTh Mpo Te, IO OTpUMaHi
CyXi TOpOUIKM JaloTh 3MOr'y HaOJU3UTH TOTOBHH IPOAYKT O  HPOAYKTY  3i
30aIaHCOBaHUM CKJIJIOM, BHCOKOI SIKOCTI 1 XapuoBoi LiHHOCTI. J{ociimkeHo, o 3pa3ku 3
¢ineitHoi YaCTUHU, OKOPOK KYPSYHA Ta M'sICO MEXaHIYHOTO OOBAJIFOBaHHS MICTHIIHU Oijblie
BisIbHOT Bosioru 80-96%, 1m0 Hafiae MPOAYKTY 3 1Oro BUKOPUCTAHHSM OiIbIIOT COKOBUTOCTI
1 HXKHOT KOHCHUCTEHII]].

[Tpn npoMy Haiikpaima BOIOYTpUMYBalbHa 3/JaTHICTh Y 3pa3ka 3 (iIeHHOI YacTUHU
10,2% Ta y Sunprotein — 11,4%. Haii0Oiipury »UpOyTpUMYBAIBEHY 3AaTHICTh Majio M'SCO
MeXaHIgYHOro oOBamroBaHHA nTuili — 13,1%, sSKOIO0 MOPIBHATH i3 3pa3koM Mepro 85 —
5,25%. EmynbciiiHa 30aTHICTH Yy 3pa3Ky M'SCO MEXaHIYHOrO OOBAJIOBaHHSA MTHINI
cTaHoBUTH 73%, 1m0 Ha 20—-25% BwUIIE TOPIBHIHO 3 IHIIMMU 3Pa3KaMH.

VY pe3ynbTaTi IpOBEICHHS MiKpOOIOIOTIYHUX TOCTIKCHb HE OYII0 BUSBJICHO OaKTepii
IpyNH KHUIIKOBOI MaJIMYKH, TATOT€HHUX MIKpOOpraHi3MiB, B TOMY uucii poxy CanbMoHena,
CyIb(QITPENYKYIOUNX KIOCTPUIiNA. 3arajbHa KUTBKICTh MIKPOOPTaHI3MiB IMiCJIs CYIIIHHS Y
BCIX 3pa3Kax He MEPEBUIIYE HOPMATHB IS BAPSHOTO CyIIEHOro m'sica (5% 10%. Haiikparumii
Pe3yIbTAT TIOPIBHSHO 3 IHIIMME CIIOCTepiraBcst y 3pasky Sunprotein — 1,8x10°.
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[Tpu ceHcopHOMY aHalli3i BCTAaHOBJIEHO, IIO 3pa30K i3 (ielHOI YaCTHHN Ma€ Kpaiui
30BHINIHIA BUIJIAN 1 3amax, TOAl K y M'sca MEXaHIYHOrO OOBaOBAaHHS KOHCHCTEHIIS
Kpama. BoHa Haif0inbII po3cumnyacra, puTaMaHHA CyXUM ITOPOLIKAM.

BucnoBku. IlopiBHsuIbHHMI —aHalli3 MiATBEPIDKYE BUCOKI  (DYHKIIIOHANBHI W
TEXHOJIOTIYHI BIJIACTUBOCTI 3pa3KiB 13 (QijneliHOl YacTHMHM NTHHI 1 M'sca MeXaHIYHOro
OOBaITIOBAHHS MTHIII, & TAKOX € OE3MIEYHUMH TP 3aCTOCYBaHHI Y M'SICHUX TIPOAYKTaX.

KurouoBi ciioBa: w'sco, 6inox, nmuys, 0006asxa, cyutins.

BioTeHHONOrisA, Mikpob6inoris

Bu3HaveHHs, XapaKTePUCTUKA i MPOMUCI0BA YTWIIi3allisi ABTOXTOHHMX IITAMIB
Streptococcus thermophilus, BUijieHUX 3 MOJII0BCHLKOI0 CHPOr0 MOJIOKA i MOJIOYHHUX
NMPOAYKTIB CHOHTAHHOI0 OPOAiHHS

Amnaronii Kapramies
Hayxogo-npaxmuunuii incmumym cadisHuymed, UHozpadapcmead i Xapyosux mexuonozitl,
Kuwuney, Monoosa

Beryn. Monounokucai  Oaktepii 3 BIZOMUMH METaOOJIYHUMHU  BIIACTHBOCTAMU
BH3HAYAIOTh CEHCOPHI XapaKTEpUCTHKH TPOAYKTIB, 3a0e3MeuyloTh IX SIKICTh 1 Oe3meKy.
OOMexxeHa KUIBKICTh BHCOKOOIOTEXHOJIOTIYHO JOCTYNHHMX INTamiB 1 TOCTIHHWUN pPHU3HK
HamajiB OakrepioaroBux aTtak BUNPaBIAOBYIOTh HEOOXiJHICTh HOBUX IITaMiB.

Martepianu i meronu. BusHaueHHs TepMOQUIFHMX MOJOYHOKUCIUX OakTepii
3IIIHCHIOBAJIOCH HA OCHOBI (DEHOTUIIYHHUX BJIACTHBOCTEH 1 BUKOPHCTAHHSIM MOJEKYJISPHUX
MmeroniB — RAPD-IIJIP ta ®TPP-criekrpockomii. AHTaroHiCTHYHA aKTHBHICTh BiliOpaHHX
mramiB npoBoaunacs audysiitHnM meronoM. [TopiBHSHHS CTapTEpHOI KYJIBTYpH Ta 3pa3KiB
HOrypTY BUKOHYBAJIOCS 32 TPAAHUIITHUMH TEXHOJIOTISIMH.

Pesyabratn i o6roBopennsi. BuOpani mramu S. thermophilus XxapakTepu3yOThCs
IHTEHCHBHUM TIJIKUCICHHSM MOJIOKAa IIPOTATOM 3-4 TOAWH, PO3BUBAIOYM MOJIOYHY
KUCIIOTHICTh 65-74 °T Ta yTBOpIOIOYM OAHOPIMHHMN KOMITAKTHHH LIUIBHUH KOaryim, IIo
3a0e3meuye ¥oro tBepay KoHcucteHmito. tamu S. thermophilus mramisB CNMN-LB-50 i
CNMN-LB-51 3natHi cunre3ysatu ex3omnoiicaxapuau (EIIC).

AHTaroHiCTHYHA AaKTUBHICTh IPOTUNATOTEHHUX MiKpoopraHizmiB mramiB Pocii
Bucoka. Jliamaszon iurioymii Bim 16 mo 18 mm Bim Escherichia coli. i 19-21 MM Ha
Staphylococcus aureus, sikuii TpPUTHIYYyE PO3BUTOK KHINIKOBUX iH(EKIiH 1 3amodirae
PO3BUTKY TATOTEHIB y 3pa3kax (pepMeHTOBaHOrO Mojioka. Makcumanbuuii curaain EPS,
CHUHTE30BaHMI 3a cybomtumanbHoi Temmeparypu 32 °C, Ha 19,4% Bume, HiX 3a
ONTUMAJIBHOI TemmepaTypu misi Iporo mpomecy (40 °C) mis mramiB S. thermophilus
CNMN-LB-50 i 23,8% mus S. thermophilus CNMN-LB-51. 11106 cTuMymioBaTdH CHHTE3
EIIC y mpomwuciioBHX yMOBax BHUpPOOHHMIITBA KHCIOMOJIOYHMX TPOAYKTIB 0€3 3MiHH
TEMIIEpaTypH, NOXUBHE CEPEJIOBHIIE MOBHHHO OYTH JIONMOBHEHE Caxapo30l0 y KiJIbKOCTI
8%.

BucnoBku. IIponeMOHCTPOBAaHO MOXKIJIMBICTH OTPUMAHHS 3 MIKpOQUIOPH CHPOTO
MOJOKa 1 MOJOYHUX IPOAYKTIB CIHOHTAHHOTO OpOMIHHS aBTOXTOHHHX IITaMiB
MOJIOUHOKUCIUX OaKTepidl 3 I[IHHUMHU O10TEXHOJOTTYHUMH BJIACTHBOCTSIMHU, MPU3HAYEHUX
JUIi BUKOPUCTaHHS B CKJIaJl 3aKBAaCOK JJIsi BUPOOHMITBA (DEPMEHTOBAHUX MOJIOYHUX
MIPOJYKTIB.

Kuarouosi ciioBa: Streptococcus thermophilus, monoko, 6poodinns, idenmuixayis.
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XapuoBa 6e3neka

Ouninka KOHIEHTpaNii BaKKUX MeTadiB y icTiBHUX pud'A4ux M'A3ax Ta 3pa3kax Boau,
3i0paHux 3 pisHUX Jokanii 6l UuTTAaroHry: npodiaemMa 0XOpoHHu 310pOB's

Slakis Cynrana Morxi'”, Impat 3axan Anka',
Ilaxapiop Xamem™’, Illamcyn Mopmen'
1 — Yummaeonecoruil yHisepcumem 6emepuHapHux i meapunHuybkux nayk, Yummaeone,
banenaoew
2 — banenadewcvruti azpapnuil ynisepcumem, banenadew
3 — Xipocimcokuii ynisepcumem, Anonis

Beryn. IlpoBeneHo mociikeHHs KOHILEHTpalil BaKKUX METaJiB y 3pa3kax puOu Ta
BOJIH, 310paHuX i3 pi3HUX paiioHiB YntraroHrckoro paiony, banrnanem.

Marepianu Ta Mmetomu. KoHreHTpallii Baxkux Meraiis, Bkarouarouu Cr, Cu, Ni, Pb Ta
Fe y mopcekiii Bomi Ta Mopchkux pubax (mam-kKpokep, OomOeilichka Kadka 1 aHYOYC)
BHUSBJICHI 3a JIOIIOMOIOI0 aTOMHO-aOCOpPOIIIHOrO CHEeKTpoMeTpa y palioHi MicTa
Yurrarour, banrnaaer.

Pe3yabraTu Ta 06roBopenHs. CepeHsi KOHIICHTpAIlisS BAXKKUX METalliB Oysa BUsBIICHA
y Bomi B miamasoni Cr 0,01338-0,0789 mr/m, Cu 0,0014-0,0284 mr/m, Ni 0,0259-0,2519
mr/i, Pb 0,0109-0,1596 mr/n, i Fe 0,2176-1,787 mr/n. AHaii3 3pa3kiB BOJH IOKa3aB, IO
PO3IIOALT Ba)KKMX METaNiB B IOPSIKY BENWYMHH, BUrisigae Tak: Fe> Ni> Pb> Cr> Cu.
PizHuis Moke OyT TOB'si3aHa 3 PO3TAIlyBaHHSAM JIOKAIlii, piBHEM 3a0pyIHEHHS Y BOJI
Yyepe3 MPOMHUCIIOBI CTOKH Ta aHTPOIIOTEHHI BUAM JisUTBHOCTI. X04a CepeHsl KOHIIEHTpalis
Ba)XKKMX METaJIiB Oyia BUSBIEHA y BCiX 3pa3zkax puou B nmianazoni Cr 3.2039-16.3495 mr/kr
cyxoi mach, Cu 1.5589-4.5848 mr/kr cyxoi macu, Ni 0.1101-1.9029 mr/kr cyxoi macu, Pb
0.4373-2.7638 mr/kr cyxoi Macu i Fe 30,9599-108,780 mr/kr cyxoi MacH. Po3nomis BaxXKHX
MeTayiB y 3pa3kax puou Burisgae tak: Fe>Cr> Cu>Pb>Ni. Anaii3 nokasas, 1110 BEJINYUHA
Ba)XKMX METaJIB Oynu OUIBII-MEHII CXO0XI1 3 AaHUMH 1HINHMX JOCHITHUKIB. Pi3HUIS MOXe
OyTu TOB's3aHa i3 HAKONMYEHHSM METaliB y puOi Ta pi3HOMAaHITHHX BHIAaX pHUO, IO
KUBYTb y OJHI/ BOJIOIMI, aye pi3HOTo piBHsI 3a0pyaHeHHs y Boai. Cepen ycix 3pa3kiB 17%
3paskiB pubu manu Hajumiok Cr, B TOH yac sk NPUIHATHA Mexa JopiBHIOE 15.0 MI/Kr s
pu6. Cepenni koHmentpaiii Pb y Bcix puOHHMX 3pa3skax Oyau Ha 17% Hmwk4e piBHA
BusiBinenus, 33% — ontuManbHi Ta 33% — BUIN, HIDXK MaKCHMAaJbHO JTO3BOJIECHI
koHueHtpauii (1,5 mr/kr). Fe y Bcix puOHuxX 3paszkax OyB Ha 33% HmwkumMm, 17% —
ontuMaibHUM 1 50% — BHIIMM, Hi’)K MaKCMMAaJbHO JO3BOJICHI KOHIICHTpAIli (43 MI/Kr),
pexomennoBani ®AO/BOO3.

BucHoBku. Binbuiicts qocimipkeHNX BUaiB pHO € Oe3neYHUMU IS CIIOKHUBaHHS. Tomy
LIe JTOCIIJDKEHHSI CIPSIMOBaHE MPUBEPHYTH YBary OpraHiB OXOPOHH 37I0pOB'S Ta OXOPOHHU
HABKOJIUIIIHLOTO CEPEOBHINA 10 MOTPEeO BiAOBITHOI PETyIATOPHOI 0a3H.

KurouoBi ciioBa: saoickuil meman, 600a, mope, mopcoka puba, Yimmazone.
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Mpouecu i obnapHaHHA

InTencudikanisa 0x0101KeHHA PyKaBHUX NOJIMEPHUX NAKYBAJTBHUX ILTIBOK
CTIYHOIO ILUTiBKOIO PiTUHU

Irop Mikynsonok', Apkaiit [Teryxos', Bixrop amon', Onexcamp I'aBsa’
1 — Hayionanvnuii mexuiunuil ynigepcumem Yxpainu « Kuiecokutl nonimexuiunuil
incmumym imeni leops Cikopcvkoeoy, Kuie, Ykpaina
2 — HayionanvHuil ynisepcumem xapuosux mexnonoziu, Kuie, Yxpaina

Beryn. [lpoBeneHo aHamiTHUHI U HATYpHI JOCHIDKEHHS IIPOIECY OXOJOKEHHS
MaKyBaJIBLHOI IUTIBKH 3 nonieTusieny Bucokoro Tucky (IIEBT) cTiuHOO BOASHOIO IUTIBKOIO.

Marepianu i meromu. ExcrnepumeHTanbHI JOCHIKEHHS OXOJIOMKEHHS IUTIBKU
MIPOBEICHI 33 TaKMX IapaMeTpiB: TUIM IUTIBKH — IUIOCKA; MBHUIKICTh pyxy muiiBku — 0,03—
0,50 M/c; po3MipH IIITMHHOTO PO3MOIILHUKA BOMSHOI IUTIBKU: BEMWYHHA MITuHA — 0,4—
0,8 MM, mmpunHa miimad — 300 MM; TemmepaTypa oxomomHoi Bomum — 1540 °C.
ParionanpHi mIapaMeTpH IPOLIECY OXOJIOJDKEHHS BU3HAUEHI HAa OCHOBI MaTEeMaTHYHOI'O
MOJICITFOBaHHS.

PesyabraTu i o6rosopennsi. [lapamerpu pigMHHOI TUIIBKM 3MIiHIOIOTHCSI TIIBKM Ha
BXIJHIH JUISHIN ¥ 3aJIeKaTh BiJ IIUIBHOCTI 3POIICHHS, IIBUIKOCTI MOJIMEPHOTO pyKaBa i
MOYaTKOBOT'O PO3IOTY IIBUIKOCTI TUIIBKU PIIMHU HA BUXOJ 3 PO3MOALIBHOIO KU 3a
BHCOKHX 3Ha4eHb IIiIbHOCTI 3pomieHHs (Re>20000) y TemnooOMiHI Oepe ydacTsh JHiie
MIPUCTIHHMH 1ap PiUHH.

Jlis TUlIBKM 3 TOJIETHJIEHY BUCOKOI'O THCKY 11 30BHIIIHS TIOBEPXHS TBEpOHE Ha
BimcTani 6au3bko 0,01 M Bix MOYaTKy KOHTAKTy 3 BOIOK, a BHYTPIIIHSA TOBEPXHS — Ha
Bimctani Omuspbko 0,10-0,15 M. Tomy kimblie mIsd pO3MOAUTY PIAMHU HEOOXiJTHO
BCTAHOBJIIOBATH ITiCJISl 3aKIHYEHHS MAULIHKA PO3AYBY 3aroTOBKM MOJIMEPHOrO pyKaBa.
Takox TOTpiOHO 3a0e3MeYNTH CTIMKMHA PyX CYUUJIbHOI IUTIBKA PIAMHU IO 30BHILIHIN
MOBEPXHI MOJIMEPHOr0 pykKaBa Ha JOBXuHI 10 0,2 M BiJ MOYATKy KOHTAKTy PiIMHU 3
TMOTIMEPHOIO TITIBKOIO.

Temmneparypa oxomomHoi Bogu B miamazoni 20—-60 °C icTOTHO He BIUIMBAaE SIK Ha
IHTEHCHBHICTh TIPOLIECY OXOJO/KEHHS, Tak 1 Ha (I3MKO-MEXaHiYHi BJIACTUBOCTI
OJIep )KYBaHOI TOJIIMEPHOT TTiBKH.

Jus roBetux mwiiBok 3 [TEBT (3aBroBuiku monax 200 MKM) 1 3aBIIMPIIKY TOHAT | M
IHTEHCHBHICTh OXOJIOJPKEHHSI 0OMEeXeHa KPUTHYHOIO IIIIbHICTIO 3pOLIEHHSL.

JIJ1s IpaKTUYHOT O 3aCTOCYBAaHHS OTPUMAHUX PE3YJbTATIB 3alPOIIOHOBAHO HOMOTIpamMy
JUTsT BU3HAYEHHS 00 €MHOI IIUIBHOCTI 3pOIINCHHSA OXOJIOMHOI BOJH, a TaKOX 00 €MHOI
MPOAYKTUBHOCTI TEXHOJOTIYHOI JIiHIi 3aJIe)KHO BiX PO3MIpIB T'OTOBOTO MOJIMEPHOI0
pykaBa.

BucnoBku. HaykoBe 3HaueHHS pe3yNbTaTiB MOJSArac€ y BU3HAYEHHI palliOHAIBHHX
YMOB 3aCTOCYBaHHS DPIIMHHOTO OXOJIOJDKEHHS OJIEP)KYBAaHUX EKCTPY3i€l0 PYKaBHUX
MOTIMEPHUX ILTIBOK.

KurouoBi ciioBa: ynaxoska, nonivep, excmpysis, niiéka, 0X0J100XHCEHHS.
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BrnuiuB HaHOPO3MIPHOIO TiAPOKCHAY ATIOMIHII0 HA CTPYKTYPHO-MeXaHIvHi
BJIACTHBOCTI OypsIKOBOI TKAHUHH

1 . o1
Tapac Hukutiox', Banentun OmineBcbkuil , €BreH Ba61<ol, Oner l'IpOKOHIOK2
1 — Hayionanvnuii ynieepcumem xapuosux mexuonociu, Kuis, Yxpaina
2 — TOB «Tennoxkom»

Beryn. IlpoBemeHi  AOCHIKEHHS 3  METOKW  IIATBEPIKCHHS  JMOIUIBLHOCTI
BUKOPHCTAaHHS HAHOPO3MIipHOT'O T1IPOKCHAY AJTIOMIHIIO B IPOLIEC EKCTparyBaHHs caxapo3u
3 OypsSKOBOi CTPYXKH 3 METOI MiJBHIIEHHS CTPYKTYpHO-MEXaHIYHHX BJIACTUBOCTEU
OypsIKOBOT TKAHHHH.

Martepianu i meronu. JlocmimKeHHS TEPMOXIMIYHOIO BIUIMBY BOJHHX pPO3YHHIB
JIOaTKOBUX pEareHTIB Ha CTPYKTYPHO-MEXaHI4HI BJIACTUBOCTI OYypSKOBOi TKaHWHH
METOJIOM TiAPaBIIIYHOrO MPECYBAaHHS 3pa3KiB TKAHWHU IYKPOBOI'O Oypsika IHIIHIPUYHOI
¢dbopMu i3 3a]aHIMH TEOMETPUYHUMH po3MipaMu. [lepes MM KOXKeH 3 OTPUMAaHUX 3pa3KiB
MiIsiraB TeIIoBild 00poOLi Y BOAHUX PO3UYMHAX PI3HUX PEareHTiB nmpu Temneparypi 70—72
°C i TpuBajocTi gociiay 60 xB.

PesyabraTtu Ta o6roBopennsi. O0poOka 3pa3kiB OypsIKOBOI TKaHWUHHU J[0JaTKOBUMHU
po3urHaMH Cynb(ary alloMiHi0, Cyabpary Kajiblilo, HAHOPO3MIPHOI'O TiAPOKCHIY
aJFOMiHiI0 Ta X KOMOiHaLisIMH B TIpoOIieci ekcTparyBaHHs pu Temneparypi 70—72 °C ngactb
3MOTY 3MEHILIUTH CTYIIHb nedopMalii 3pa3KiB OypsiKOBOI TKaHWHH TOPIBHSIHO 31 3pa3KoM,
0 He IMiagaBaBcs 00poOLi JomaTKoBMMHU peareHTamu. CTymiHb 3paska OypsiKOBOI
TKaHUHH, 1110 OYB 00POOJICHHH PO3YMHOM HAHOPO3MIPHOTO TiIPOKCHITY aTIOMiHII0, Ha 18 %
HIDKYWHM, HIK KOHTPOJBHUHA 3pa3ok 0e3 OOpOOKH JJONAaTKOBMMH peareHTaMu. Takuii
pe3yNbTaT MOXKHA TMOSICHUTH BUCOKOIO XIMIYHOIO aKTHUBHICTIO pEareHTY HaHOPO3MipHOTO
riipokcuay amroMiHito. loHM Ii€i CIIONMYKM 31aTHI YTBOPIOBAaTH B IIOBEPXHEBOMY IHapi
TKaHUHU JOCUTH CTiliKi HEPO3YMHHI KOMIUIEKCHI CITONIYKH 3 NMEKTHHOBUMH 1 OIJIKOBUMH
peYoBUHAMM, SIKi, acopOyroUrch Ha mapi OypsIKOBOi TKaHWHH, POPMYIOTh MIOCH MOAIOHE
JIO MOJICKYJISIPHOT'O KapKacy, II0 MiBHIIY€E CTIHKICTh OYPsAKOBOI TKAHWHU JI0 CTHCKAKOUHX
HaBaHTaKEHb.

BenuunHoO, sika HAWTOYHINIE MOXE OMNUCATU SIKICTh OYPSKOBOI TKaHWHH, € Ti
3IATHICTh BiJHOBJIIOBATH CBOIO (OPMY Ta TPYKHICTH IMPH TEPIOUYHHX CTHUCKAIOUUX
HABaHTAKCHHAX, € caMe: MOAYIb MpyxHOCTi. [Tpu TeroBiit 06po0It 3a Temmepatrypu 70—
72 °C wMoaymb TpPYKHOCTI 3pa3KiB OypsAKOBOI TKaHWHH, IO IMifmaBajiacs o0poOIi
JIOaTKOBUM peareHTamu, Ha 35-40% BHUIIMH, HIX 3pa30K OypsIKOBOI TKaHUHH Oe3 00pOOKH
JIOAATKOBUMH peareHTaMu.

BucHoBku. 3acTocyBaHHS B IPOIECI €KCTparyBaHHsS HAHOPO3MIPHOTO TiIPOKCHUIY
afoMiHIt0, 3a0e3neynTh 30epeKeHHs IUIICHOCTI CTPYKTYpH OYpSKOBOI TKaHMHU B
Mpollecax eKCTparyBaHHsS Ta TMPECYBaHHsS; TapaHTye BHUCOKY SKICTh E€KCTpareHry,
IUdy31HHOTO Ta OYHUIIIEHOTO COKY.

KarouoBi cioBa: yykposuti  Oypsx, cmpysjcka, WMKAHUHA, — eKCMpazyeamHsl,
HAHOPO3MIPHUTL, 2IOPOKCUO ATOMIHIIO, NPYIHCHICTb.
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KpyTuibHi KOJTMBAHHS TBUHTOBOTO0 PO00YOr0 OPraHy IIHEKOBOTO
0araTo() yHKIiOHAJIBLHOT 0 TPAHCTIOPTEPA 3 YPAXyBaHHAM IMHAMIKHU CyUiJILHOTO
MOTOKY 00p00JII0BAJILHOIO CEPeIOBHIIA

Ouer JIsmyx', Mapist Cokin’, FOpiii Bosk',
Anna Llpons', Aupiii I'ynka', Onexcanap Mapysua'
1 — Tepnoninbcoruil Hayionanbhull mexHiunul yHigepcumem imeni leana Ilymos,
Tepnonins, Yrpaina,
2 — Hayionanwvnuti ynisepcumem «Jlvgiecoka nonimexuixar, Jlveie, Yxpaina

Beryn. Meroto cTaTTi € MaTeMaTHuHa MOJIEIb KOJIMBaHb POOOYOro OpraHy IIHEKOBOT'O
TPaHCIOPTEPa VI TPAHCIOPTYBAaHHs CHUIKHX BAHTaXIB 3 YpaxXyBaHHSIM 3MiHH IMiJTBHOCTI
00pOOJTIOBAHOIO CEPEeIOBHIIA, INBUIAKOCTI OOEpTaHHS IIHEKA, MacH IPH IMOSBI SBHUINA
pE30HaHCYy.

Martepianu i meTomu. JlOCTiKYIOTBCS KPYTHIIBHI KOJIMBaHHS TBUHTOBOTO POOOYOro
OpraHy ITHEKOBOro 0aratoyHKI[IOHAILHOTO TPaHCIIOpTepa, AKi BUHUKAIOTh BHACTIIOK il
00pOOITIOBATIBHOTO  cepenoBHINa. JIOCHIPKEHHS MPOBEACHO METOJOM MAaTeMaTHYHOI'O
MOJICITFOBaHHS.

Pesyabratn i o0roBopennsi. OCHOBHMMHU OOMEKYHOUMUMH (aKTopamu, sIKi
YCKJIaTHIOIOTh MOJICIIIOBAHHS, € HEPIBHOMIPHICTh pO3MOJTY CEpPelOBUINA  Y3I0BXK
JIOB)KMHH NIHEKa; TiJI0 BUKOHYE THYYKI KOJIMBAaHHS; pyX 0OpOOIIOBAaHOTO CepeproBHIIA
B3I0BXX pPOOOYOro TBHHTA CHOPUYMHAE Maji KOJUBAHHS 3TUHY, BHUKIUKAE IOSBY
«IOJATKOBUX CHI». [[yst 3a0e3IeueHHs JOCTOBIPHOCTI MaTeMaTHYHOI MOJIEITi BBEICHO TaKi
NPUMYIIEHHS: pOOOYMI TBHHT LIHEKAa OOEPTAEThCS 3 TMOCTIHHOIO KYTOBOK HIBHAKICTIO
HABKOJIO CBOE€T MO3JJOBXKHBOI OCi, SKa B HeJAe(OPMOBAHOMY IMOJIOKEHHI 30iraeThCs 3 BICCIO
OX; BEKTOPOM BH3HAYAETKLCS TONEpEYHe TIepeMillleHHsT HeHTpaibHOl oci poO0Y0oro rBUHTA
y JOBUIBHOMY MOMEHTI B HANpsAMKY, HEPIECHIUKYIAPHOMY HOro HeaeOopMOBaHOMY
nonoxxeHHto (oo ¢ikcoBaHoi cucremu Bimiiky OXYZ); Oe3nepepBHHI IOTIK
00po0JIEHOTO CepeIoBHIa, Maca SIKOr0 Ha OAMHHIO JOBXXHHU TOBUIFHO 3MIHIOETHCS
B3JIOBK TBHUHTAa 1 PYXa€TbCs 3 IMOCTIHHOI BiHOCHOI (BIZHOCHO pOOOUYOro INHEKA)
IIBUIKICTIO.

MarematuuHa MOZAENb BpPaXxOBYe OOMEXKEHHS 1 MPUIYHIEHHS sl ICHYFOUYOro
IITHEKOBOTO TPAaHCIOpTepa JOBKHHOK 2,5 1 3 M, sKUHl BHKOPHUCTOBYETHCA JUIS
MEPEMITIICHHs] CUIIKUX BaHTaxiB miuibHIicTIO 10, 20, 40 kr/M. 3MIHHUMH NapaMeTpamH €
JIOB)KWHA IITHEKa, NIUIBHICTh 00pOOIIOBAHOIO CepelOBHINA, IBUAKICTE OOCPTAHHS IIIHEKA,
Maca.

Ha ocHoBi Mojieni mo0yjoBaHO 3aJIeKHOCTI aMILTITYI KOJIMBaHb BiJl IOBXKHHU LITHEKA,
IIJTEHOCTI 0OPOOJIFOBAHOIO CEPEAOBHINA, IIIBUIKOCTI 00EPTAHHS IITHEKA, MACH.

BucnoBkn. MatemaTHyHa MOZENb A€ 3MOTY YAOCKOHAJIUTH MPOLEC PO3POOKH i
MPOEKTYBAHHS IIHEKOBUX TPAHCIIOPTEPIB CHUIIKMX BaHTaXiB, 3a0€3MEUYIOUH IPHU I[HOMY
HaJiAHICTh MPOIIECY TPAHCIOPTYBaHHSI Ta CHUCTEMH «OOpOOJIOBaHE CepeOBUILEe—
TBHHTOBHH POOOYHI Opramy.

Karou4osi ciioBa: wnek, konseep, amniimyoa, pe3oHanc, MOOet08aAHHs.
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ABTOMaTM3aLUis TEXHOJIONYHUX nNpoueciB

EdexTnBHA podacTHO-0NTHMATBHA CHCTEMA KEPYBAHHS IJIACTUHYACTOIO
nacTepu3aniiiHo-0X0I01KYBATbHOK YCTAHOBKOIO B YMOBAX JIil IHTEHCHBHMX
30BHIIIHIX 30ypeHb

Haramist HyuLKal, Haraunis 3aeus’, Jlinis Bracenko', Bonogumup IlIrena’
1 — Hayionanvnuii ynieepcumem xapuosux mexuonociu, Kuis, Yxpaina
2 — Hayionanvhuil ynisepcumem biopecypcie ma npupoooKopucmyeants Yxpaiuu,
Kuis, Yxpaina
3 — Honiceruti deporcasnuti ynieepcumem, Ilincox, binopyce

Beryn. [ocnimkeHo po0OacTHO-ONTUMAIbHY CHCTEMY KEPYBaHHS IacTepU3alliifHO-
OXOJIOJDKYBJIBHOIO YCTAaHOBKOIO, IO (DYHKIIIOHYE B yMOBax IHTEHCHBHHMX 3OBHIIIHIX
30ypeHb, iH(pOpMaliiiHOI Ta CTPYKTYpHOI HEBHU3HAYEHOCTi, 3 METOI0 IIiIBUILEHHS
eQeKTUBHOCTI 11 (PYHKIIi OHyBaHHSL.

Marepianu i MeTonu. MeTonu CHCTEMHOrO aHali3y, MareMaTUYHOI CTATUCTHKU Ta
ineHTH(iKanii BHKOPHCTOBYIOTBCS Uil MOOYJOBM MaTeMaTHYHOI Mojeni o0'exra
kepyBaHHs. J[7Is CHHTE3y po0acTHO-ONTHMAIBHOTO PEryjisaTopa 3acTocoBaHO 2-PikkaTi
miaxin st npobnemu Hp-kepyBaHHSI, a /st 3MEHIIEHHS MTOPSIKY OTPUMAHOTO PErysiTopa
— MeTo/1 30aJIaHCOBaHOT0 3MEHIIIEHHS MOZEII.

PesyabraTu i o6roBopenns. [lacrepusaiiiiiHa ycTaHOBKa € KIIIOYOBUM KOMIIOHEHTOM
BUPOOHMLTBA MOJOYHOI mpoxaykmii. OCKIIbKH pe3yJdbTaTd poOOTH TpPaAUIIHHUX
aBTOMATHU30BaHUX CHCTEM 3aJIeXKaTh Bijl IHTEHCUBHOCTI Ta SIKOCTI iH(popManiitHUX MOTOKIB,
MIKpOMpPOIIECOPHOT ~ TEXHIKH, aJrOPUTMIYHOIO Ta TPOrpaMHOro  3a0e3NedeHHs,
MIPOITOHYETHCSI TOIOBHUTHU iX POOACTHO-ONTUMAJIBHUM PETrYJISITOPOM Ha OCHOBI 2-Pikkarti
migxony. Ha ocHOBI BH3HaueHOi MareMaTWdHOI Mozenmi O0'ekTa, MO CKIAAETHCS 3
JMHIHHUX ~ JudepeHnianbHUX pPiBHSAHB ChOMOTO MOPSAIKY, CHHTE30BaHO pOOAaCTHO-
ONTHUMAJBHUIA peryasitop 6-ro mopsaky. [lokasHuKM e(QeKTHBHOCTI pPO3PaxOBYIOTHCS
LIJISIXOM TOPIBHSHHS CHHTE30BAHOI CUCTEMH Ta CHCTEMH 3 JIOKAJIbHUMH PEryasTopamu. Y
pOOacTHO-ONITUMANBHIN CUCTEMI pO3Max HEBH3HAYEHOCTi 30UIBIIMBCS B YOTHPH PasH, a
JUCIEpCisl KEepYIUMX CUTHAJIIB 3MEHIIWIacs B YOTUPU pasd, IO IMiATBEPIKYE
€HepProceKTUBHICTh CUCTEMU.

BucnoBok. IlpoBeneHe MonentoBaHHS Ta PpO3PaxXyHOK SIKICHAX XapaKTEPUCTHK
MOKa3ald 3HAa4yHy IIepeBary CHHTE30BaHOI CHUCTEMH IIepe]] CHCTEMaMHU 3 JIOKaJbHUMH
perynsTopamMu.

KarouoBi caoBa: pobacmuuti, onmumanvnutl, 2-Pixkami, nesusnauenicmo, H,-
pezyasamop.
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ExoHOMiKa i ynpaBiiHHA

IIpencraBieHHs iHTepeciB ClIBCHKOr0COAAPCHKNX BUPOOHMKIB: 00IPYHTYBAHHS
CTPYKTYPH J0CJTi/IZKeHHSA

Arora INienpe Paiimene, Aprbom Bonkos,
Biprimiyc Ckanckic, Pita Bisxke
Jlumoecovxuil inicmumym acpapnoi ekonomiku, Binonioc, Jlumea

Beryn. Metoro cTatTi € OOTpyHTYBaHHsI CTPYKTYPH HayKOBUX IOCIIKEHb, KA Ja€
3MOT'y OLIHUTH YYacTh CIJIbCHKOI'OCHOAAPCHKUX BUPOOHMKIB y Tporecax (opmyBaHHs
arpapHoI MOJITHKY JIep)KaBH.

Marepianu i metomu. Ilig yac qociimKeHHs] BAKOPUCTOBYBAJIMCS METOIM HAYKOBOTO
OOTpYHTYBaHHS, aHamidy, CHCTeMaTH3allil, CHHTE3y Ta ONUTYBaHHA. TeopeTHYHE
OoOTpyHTYBaHHSI 0a3yeThCsl Ha aHali3l TEOpid YIpaBiiHHSA, IO IOSICHIOE XapakTep
MIDXKOpraHi3aIiiHOl B3aEMOJIii.

Pesyabratn i obroBopenHsi. IIpencraBisiTu iHTEpECiB CIIbCHKOTOCIOAAPCHKUX
TOBapOBUPOOHMKIB y Tporieci (OpMyBaHHS arpapHoOi IONITHKA € HEAOUIbHUM. Sk
NMpUKIaA JUIS  JOCHIDKCHHS MH BuOpamu JIutBy 1 BceraHoBwid, 1m0 85,6%
CIJIBCHKOTOCITOIAPCHKUX BUPOOHWKIB HE € YICHAMH acoliamii 4u 00’€THaHb 1 TIIBKU
6mu3bko 10% 3 HUX OepyTh y4acTh Y poOOTI CUIBCHKOTOCIIOAPCHKUX OpTraHi3allii.

PesynmpTaTH MOCHIDKEHHS ITOKAa3ylOTh, MO BIAMOBIAHO 1O TOMITUKH (hiHAHCOBOI
miaTpuMKH arporianpueMcts 'y €C mpobiema ydacTi 3allikaBiIeHHX OCi0 B yIpaBiliHHI
MiANPUEMCTBOM  3MEHIIYE MOMKJIMBOCTI BEIMKHX 1 MallMX CLIbCHKOTOCIIONAPCHKIX
BUPOOHMKIB 3axHIlaTH cBOI iHTepecu. [Iporpama y4acTi Ta CHIIBHOTO YHpaBIiHHS i
KOHIIETIisl TAPTHEPCHKOI Ta Mi>KOPraHi3aliiiHOi B3a€eMOII1 OYyJIN y3ro/IXKeH] IUIIXOM:

a) BiIMEXKYBaHHS BIAMOBIIHUX TPYI acolialmiid CiIbChKOrOCIIONAPCHKIX BHPOOHHKIB
BiJl yyacTi B mporieci popMyBaHHI HOJITHKU TaTy3i;

0) po3pOOJICHHS CXEeMU JJIs TOCATHCHHS 0allaHCY MK MOTpeOaMHu 3allikaBJICHHX OCi0
Ta acolialii CUTbCbKOTrOCIIONAPCHKIX BUPOOHUKIB;

B) (OpMyBaHHS TEOpETHYHOI 0a3u Ul TONAIBIIOrO SIKICHOTO ONUTYBAaHHS BCIX
YYaCHHKIB B3a€EMOBIJTHOCHH.

Ilin yac aHami3y pe3yabTATIiB JOCHIPKEHb OYyJ0 BCTAaHOBJCHO, IO JOCSATHCHHS
iHTEpeciB, 3aCHOBAHUX Ha MOTpeOax, MOBUHHE CTATH T'OJOBHUM 3aBJAHHSM JUISl MOMITHKIB.
Jis nporo HeoOXimHO 3a0e3meunTH 30aJaHCOBaHICTh BIUIMBY 3alliKaBJICHUX CTOpIH 3
METOI0 BpaxyBaHHs IHTEPECIB YCIX y4acHHUKIB. Pe3ynbTaTu HOCTIKEHb MOKa3yIOTh, 10 3
METOI0 JIOCSTHEHHsI IHTEPECIB 3allikaBIEHUX OCi0 MOTPiOHO BpaxoByBaTH iXHI MOTpeOU B
npotieci (opMyBaHHS arpoIOJIITUKH TOBAPOBUPOOHHUKA.

BucnoBok. ChopmoBaHa y JOCITIIKEHHS] CUCTEMa J]a€ 3MOT'y CHCTEMaTHYHO 30UpaTu
SIKICHI JTaHI Ta TOJaBaTH PAIiOHATBHI MPOMO3MIIT MOJITHYHUM 1 CUTBCHKOIOCIOAAPCHKUM
OpraHizarisiM.

Kuaro4doBi citoBa: cinbcoke 2ocnooapcmeo, ghepmep, ynpaguinusi.
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Instructions for authors

Dear colleagues!

The Editorial Board of scientific periodical
“Ukrainian Food Journal”
invites you for publication of your research results.

Requirements to all texts:

Language — English.

Size of the article — 10—15 pages in Microsoft Word 2003 and earlier versions with
filename extension *.doc (!)

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 has been performed.
4. Abstract (2/3 of a page). The structure of the abstract should correspond to the
structure of the article (Introduction, Materials and methods, Results and discussion,
Conclusion).
5. Keywords.
6. The main body of the article should contain the following parts:
— Introduction

— Materials and methods

— Results and discussion

—  Conclusion

—  References

If you need you can add another parts and/or divide them into subparts.
7. The information about the author (Name, surname, scientific degree, place of work,
email and contact phone number).

All figures should be made in graphic editor, the font size 14.

The background of the graphs and charts should be only in white color. The color of
the figure elements (lines, grid, text) — in black color.

Figures and EXCEL format files with graphs additionally should be submitted in

separate files.
Photos are not recommended to be used as graphical materials.

Website of Ukrainian Food Journal: http://ufj.ho.ua

Email for all submissions and other inquiries: ufj nuft@meta.ua
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IIIanoBHi KoJeru!

Penakuiiina xojeris HaykoBoro nepioguunoro Buaanusa « Ukrainian Food Journaly
sanporrye Bac 1o myOmikariii pe3yapTaTiB HAyKOBHX JTOCIIIKCHb.

Bumorn 1o opopmiieHHs cTaTei

MoBa crareii — aHTJTIHiChKA.

Minimaneuuii 00csar cratti — 8 cropinok gopmary A4 (0e3 BpaxyBaHHS aHOTAIIH i
CIHMCKY JIITEpaTypH).

CraTTsl BUKOHYEThCS B TEKCTOBOMY peaakTopi Microsoft Word 2003, B ¢popmari *.doc.

Jls Bcix enementiB cratti mpudt — Times New Roman, xerns — 14, intepain — 1.

Bci monst cropinku — 1o 2 cm.

CtpykTypa cTaTTi:

1. VK.
2. Ha3Ba crarri.
3. ABrtopu craTtti (iM’s Ta mpi3BHIIE NOBHICTIO, puknaj;: Jlenuc O3epsiHKO).
4. Yemanosa, 6 saxiil sukonana poboma.
5. Anoraris. O00B’A3KOBa CTPYKTypa aHOTAIIIl:

- Beryn (2-3 psaaxn).

- Marepianu Ta MeToau (10 5 psAKiB)

- PesynbraTi Ta 00roBOpeHHs (ITiB CTOPIHKH).

- BucnoBku (2-3 psaakn).
6. Kirtouosi ciioBa (3—5 ciiB, ajie He CIIOBOCIIONYYEHbD).

IIyHkTH 2—6 BUKOHATH aHIIiHCHKOIO | YKPaiHCHKOI0 MOBAMM.

7. OcHOBHHII TEKCT cTaTTi. Mae BKIIIOYATH Taki 000B’SI3KOBI PO3ILIH:
« Beryn
«  Marepianu Ta METOIH
«  PesynbraTi Ta 00roBOpeHHs
. BuchoBku
. Jlireparypa.
3a HeoOXiqHOCTI MOXKHA JIOAABaTH iHIII PO3/iIK Ta PO30MBATH IX Ha IiIPO3ALIH.

8. ABTopcbka moBinka (IIpi3Buie, iM’st Ta 10 6aTHKOBI, BUSHUH CTYIiHb Ta 3BaHHS, MICIle
pobotH, eleKTpoHHa aapeca abo TenedoH).
9. KoHTakTHi aHi aBTOpa, IO AKOTO 32 HEOOXITHOCTI Oy/e 3BEepTATUCH PENAKIIis KYpHAITY.

PucyHkn BHKOHYIOTbCS sikicHO. CKaHOBaHI PUCYHKM He INpUHMarOThCs. Po3Mip Tekcry Ha
PHCYHKax MOBHHEH Oyt cniBpo3mipHuM (!) Tekcry crarti. @oTorpadii MojkHa BUKOPHCTOBYBATH
JIMIIIE 32 iX 3HAYHOI HAYKOBOI HiHHOCTI.

®oH rpadikis, miarpam — nuie 6inuit. Komip enemenTiB pucyHky (niHii, ciTka, TEKCT) — YOpHHI
(ue cipuii).

Pucynxu ta rpadiku EXCEL 3 rpadikamMu 101aTKOBO HOJAIOTHCS B OKpeMHX (aiiax.

CkopoueHi Ha3Bu (DI3MYHUX BEJUYMH B TEKCTI Ta Ha rpadikax INO3HAYAIOTHCA JATHHCHKUMU
niTepamu BianoBinHo 1o cuctemu CL

B crncky niteparypy OBHHHI I€peBaXKaTu aHITIOMOBHI CTaTTi Ta MOHOrpadii, siKi omyoiikoBaHi
mticyst 2000 poky.
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IIpaBuna odgopmiieHHS CHUCKY JiTepaTypH

B Ukrainian Food JournalB3sito 3a OCHOBY 3araJlbHONPHIHSTE B CBITI CIIpOIIEHE
oopMIIEHHST CITUCKY JIiTepaTypu 3rigHo craHmapty Garvard. Bcei eneMeHTH TOCHIaHHS
PO3ILIAIOTHCS JIMIIIE KOMAMM.

1. [TocunaHHs HA CTATTIO:
ABTopu A.A. (pik Buaanns), Ha3pa crarrti, HazBa xypnaay (kypcuBom), Tom
(HOMep), CTOPiHKH.
I[HiIiany MUITYThCS TICIS HPi3BHIIA.
Bci eneMeHTH IOCHIIAHHS PO3IIISIFOTECS KOMaMH.
1. Tlpuxnan:
Popovici C., Gitin L., Alexe P. (2013), Characterization of walnut (Juglans regia L.)
green husk extract obtained by supercritical carbon dioxide fluid extraction, Journal of
Food and Packaging Science, Technique and Technologies, 2(2), pp. 104-108.

2. ITocujIaHHA HA KHUTY:
ABTopHu (pik), HazBa kuuru (kypcusom), BugaBuunrso, Micto.
[HiIiany mUITYThCS TICIS MPi3BHIIA.
Bci eneMeHTH IOCHIIAHHS PO3IIISIFOTECS KOMaMH.
[puxnan:
2. Wen-Ching Yang (2003), Handbook of fluidization and fluid-particle systems, Marcel
Dekker, New York.

IMocuiianHs Ha eJIeKTPOHHUIA pecypc:

BukoHyeTbCsl aHAJOTiYHO TMOCWIIAHHIO Ha KHUTY abo crartio. Ilicns odopmiteHHs
JIAaHUX Tpo MyOIiKamito NMUIIyThes cinoBa Available at: Ta Bka3yeThes €JI€KTPOHHA ajpeca.
[puxnaau:
1. (2013), Svitovi naukovometrychni bazy, available at:
http://www]1.nas.gov.ua/publications/q_a /Pages/scopus.aspx
2. Cheung T. (2011), World's 50 most delicious drinks [Text], Available at:
http://travel.cnn.com/explorations/drink/worlds—50-most-delicious-drinks—883542

Crmcok  niteparypu  OpOPMIIIOETBCS  JIMILE JIATHHHUILEK. EJEeMEeHTH CIUCKy
YKpPaiHChKOIO Ta POCIHCHKOK MOBOIO MOTPiOHO TpaHcmiTepyBaTH. s TpaHciiTepamii 3
YKpaTHCHKOI0 MOBU BHKOPHCTOBYETHCS MACIIOPTHUI CTaHIAPT, a 3 POCIHCHKOI — CTaHAapT
MB/] (B 1ux craHmapTax BUKOPHCTOBYIOTHCS CHMBOJIH JIMIIE aHTITIHCHKOro andasity, 6e3
XBOCTHKIB, ariocTpodiB Ta iH).

3pyu4Hi caiiTi 115 TpaHcaiTepanmii:

3 ykpaincekoi MoBH — http://translit.kh.ua/#lat/passport

3 pociticbkoi MoBH — http://ru.translit.net/?account=mvd

JonaTkoBa indopmanisi Ta npukiiag opopmJeHHs CTATTI — HA CAMTI

http://ufj.ho.ua

CTaTTs HAJACUJIAETHCS 32 eJIEKTPOHHOI0 anpecoro: ufj nuft@meta.ua
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YK 663/664
Ukrainian Food Journal ny6nikye opurinaneHi HaykoBi cTarTi, KOPOTKi
ITOB1IOMJICHHS, OTJIAZOBI CTaTTi, HOBUHHU Ta OTJISIH JIITEPATYPH.

Tematuka nmyouaikaniii B Ukrainian Food Journal:

XapuoBa iHKeHepis Iporiecu Ta 00aTHAHHS

XapuoBa XiMis HanorexHosorii

Mixkpobiosnoris ExoHomika Ta yrpaBiiHHS

®di3uvHI BIACTHBOCTI Xap4YOBUX ABTOMATH3AIIIs TPOIIECIB
MIPOAYKTIB YnakoBKa JUIs Xap4OBUX IPOIYKTIB

SIkicTh Ta Oe3reka XapuoBUX HMPOAYKTIB

IepiognuHnicTh BUXOAY KypHAJTY 4 HOMEpPH Ha PiK.

PesynpraT J0OCHiKEHb, TPENCTABICHI B JKypHalli, NOBHHHI OYTH HOBHUMH, MaTH
YITKUH 3B'A30K 3 XapyoBOIO HAYKOK 1 TMPEACTaBISATH IHTEPEC IS MIXKHAPOIHOTO
HAyKOBOTO CITIBTOBAPHCTBA.

Ukrainian Food Journal iHmekcyeTbcs HAyKOMETPHYHHUMHU Oa3aMH:
Index Copernicus (2012)
EBSCO (2013)
Google Scholar (2013)
UlrichsWeb (2013)
Global Impact Factor (2014)
Online Library of University of Southern Denmark (2014)
CABI full text (2014)
Directory of Research Journals Indexing (DRIJI) (2014)
Universal Impact Factor (2014)
Directory of Open Access scholarly Resources (ROAD) (2014)
European Reference Index for the Humanities and the Social Sciences (ERIH PLUS) (2014)
Directory of Open Access Journals (DOAJ) (2015)
InfoBase Index (2015)
Chemical Abstracts Service Source Index (CASSI) (2016)
Emerging Sourses Citaton Index (2018)

Peuensis pykonucy crarri. Marepianu, npencrasiesi i myoinikyBaHHs B «Ukrainian
Food Journal», npoxomste «IloasiiiHe citilie peleH3yBaHHM) JBOMAa BYCHHMH, NIPU3HAYCHUMHU
PEeNaKLiHOO KOJIETIEr0: O/IMH € YICHOM PEJIKOJIErii 1 OMH He3aJ eHUH y4eHUH.

ABTOpCBKe NPaBo. ABTOPU CTaTel rapaHTYIOTh, IO poOOTa HE € MOPYLIEHHAM OyIb-sIKUX
aBTOPCHKMX IpaB, Ta BiJUIKOAOBYIOTh BMIABLIO NMOPYLIEHHS JaHoi rapanTii. OmyOnikoBaHi
Matepianu € npaBoBoro BiacHicTio BuaaBus «UKrainian Food Journaly, skiio He y3romkeHo
IHIIE.

IoaiTnka axamemiunoi ermkm. Penakuis «Ukrainian Food Journal» xopucryerscs
[IpaBUJIaMM aKaJeMiuHOI €THKH, BUKIaneHuX B podori Miguel Roig (2003, 2006) "Avoiding
plagiarism, self-plagiarism, and other questionable writing practices. A guide to ethical
writing”. Penakuisi IpoloOHye aBTOpaM cTaTeil 1 peLeH3eHTaM MpsSAMO CHliJyBaTd IbOMY
KEpiBHULITBY, 1100 YHUKHYTH IIOMUIOK y HayKOBIH JiTepaTypi.

IHCTPYKUIT ANA aBTOPIB Ta iHIIAa KOpHCHA iH(pOpMAIis pO3MillleH] Ha CalTi

http://ufj.ho.ua
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PenakuiiHa koneris
T'onoBHUIT pexakTop:

Basnepiiit MaHk, 1-p. TexH. HayK, nipod., Hayionanvruil yrHieepcumem xapuoeux
mexuonozil, Yrpaina

YuieHn MikHApOIHOI pefaKuiifHOl KoJserii:

Basepiit MupoH4yK, 1-p. TeXH. HayK, npod., Hayionanvhuil yrHigepcumem xapuoux
mexuonozil, Ykpaina

Biktop CTabnikoB, kaH/. TeXH. HayK, JI01l., Hayionanvruil yHigepcumem xapuosux
mexuonozil, Ykpaina

Bipriuis FOpewniene, n-p., npod., Birenioceruil ynisepcumem, Jlumea

Bosogumup IBanoB, 1-p., npod., Jepocasuuil yrnisepcumem losu, CILIA

Baangimip I'pynanoB, 1-p. TeXH. HayK, pod., herapycokuti 0epicashull azpapHutl
mexHiuHUll yHigepcumem

Hopnanka Credanosa, 1-p, [Tnosoiscoxuti ynisepcumem "laiciii Xinenoapcki”, Boneapis
Kpicrina Ilomosuw, 1-p., noi., Texuiunuii ynieepcumem Monoosu

Mapk Hlamusia, KaHa. TeXH. HaYK, aoi., Cankm-Ilemep6ypsvruil OepoicasHuil
mexuono2iunul incmumym, Pocis

Jeniseana Xy0, acoyiayis «Mixchapoona eapmonizayiina iniyiamueay, Hioepaanou
Mackane Qwonwo, 1-p, Yuisepcumem Knoo bBepuapo Jlion 1, @panyis

Cewmix OTtaec, 1-p., npogh, Yuieepcumem Eee, Typeuuuna

Const AMapei, 1-p., npog, Vuieepcumem «Illmeghan wen Mapey, Cyuaea, Pymynis
Credan Credanos, 1-p., npod., Vrisepcumem xapuosux mexnonoeii, boreapis
Tersana I[Mupor, a1-p. 6ion. Hayk, npod., HayionareHuil yHieepcumem xapuosux
mexuonozil, Ykpaina

Tomam BepHar, 1-p., mpod., Ileyuncokuil ynisepcumem, [orvwa

KOunist J3s136K0, 1-p. XiM. HaYK, C.H.C., [HCmumym 3a2aibHoi ma HeopeaniuHoi Ximil imeni
B. I. Bepnaocvxozo HAH Vkpainu

Opiii binawn, n-p., ll]eyuncokuii ynigepcumem, Ilonvwa

YiieHn pegakuiiHoi KoJierii:

Amnarodiit CaiiranoB, I-p. eKOH. HayK, pod., [ucmumym cucmemnux docnioxcenv 6 AIIK
HAH benapyci

Basepiit MupoH4yK, 1-p. TeXH. HayK, npod., Hayionanvhuil yHigepcumem xapuoux
mexuonozil, Ykpaina

Biktop CTabnikoB, kaHJ. TeXH. HayK, JI01l., Hayionanvuuil yHigepcumem xapuosux
mexuonozit, Ykpaina

Bipriuis FOpewniene, n-p., npod., Birenioceruil ynisepcumem, Jlumea

Bogogumup Kobaca, n-p. TexH. Hayk, npod., Hayionanvhutl yrnieepcumem xapuosux
mexuonozil, Ykpaina

Bosogumup IBanoB, n-p., npod., Jepocasuuil ynisepcumem losu, CILIA
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Baagimip I'pynanoB, 1-p. TeXH. HayK, pod., herapycokuti 0epicashull azpapHutl
mexHiuHUll yHigepcumem

Ianuna CimaxiHa, 1-p. TexH. HayK, npod., Hayionanvruil yrigepcumem xapuoux
mexuonozil, Ykpaina

Hopnanka Credanosa, 1-p, [Tnosoiscoxuti yuisepcumem "laiciii Xinenoapcki”, Boneapis
Kpicrina Ilomosuw, 1-p., noi., Texuiunuil ynieepcumem Monoosu

Jlama llepinsH, 1-p. eKoH. HayK, podecop., Hayionanvhuil ynisepcumem xapuoux
mexuonozil, Ykpaina

Mapk Hlamusia, KaHa. TeXH. HaYK, aoi., Cankm-Ilemep6ypsvruil OepoicasHuil
mexuono2iunul incmumym, Pocis

Mukosna CaueBChbKHid, I-p. €KOH. HAYK, pod., [ncmumym npodosonvuux pecypcie HAAH
Yrpainu

Jeniseana Xy0, acoyiayis «Mixchapoona eapmonizayiina iniyiamueay, Hioepianou
Ounexcanap llleBuenko, 1-p.TexH. HayK, pod., Hayionanvruil yHieepcumem xapuoeux
mexuonoail, Ykpaina

Ounena I'padoBchKa, 1-p. TEXH. HayK, npod., Hayionanvhuil yrigepcumem xapuoeux
mexuonozil, Ykpaina

Ounena JIparan, 1-p. eKoH. HayK, npod., Hayionansvhuil yrieepcumem xapuosux
mexHonoeil, Yxpaina

Oabra Pubak, xaHj. TeXH. HAYK, JOL., TepHOninbCoKull HAYIOHATbHUL MEXHIYHULL
yuiepecumem imei leana Ilymos, Yipaina

Mackane Qwonwo, 1-p, Yuisepcumem Knoo Bepuapo Jlion 1, @panyis

Cewmix OTtaec, 1-p., npogh, Yuieepcumem Eee, Typeuuuna

Const AMapei, 1-p., npog, Vuieepcumem «Illmeghan wen Mapey, Cyuaea, Pymynis
Credan Credanos, 1-p., npod., Vrisepcumem xapuosux mexnonoeii, boreapis
Tamapa Bepe3siHko, 1-p. €KOH. HayK, npod., HayionaieHuil yHisepcumem xapiosux
mexuonozil, Ykpaina

Tersana [Mupor, a-p. 6ion. Hayk, npod., HayionareHull yHieepcumem xapuosux
mexuonoeil, Ykpaina

Tomam BepHar, 1-p., mpod., Lleyuncokuil ynisepcumem, [onrvwa

KOunist J3s136K0, 1-p. XiM. HaYK, C.H.C., [HCmumym 3a2aibHoi ma HeopeaniuHoi Ximil imeni
B. I. Bepnaocvroco HAH Yxpainu

Opiii binawn, n-p., ll]eyuncokuii ynieepcumem, Ilonvwa

Ounexciii I'yoenst (BiamoBinaapHUN ceKpeTap), KaHa. TeXH. HAYK, AOIl., Hayionaibruil
YHIgepcumem xap4oeux mexunonoziu, Ykpaina.
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