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Introduction. The methanol is constantly present
compound in the brandies, regardless of fruit raw material
from which they are produced. Its presence determines the
authenticity of brandies, and its concentration levels are an
indicator of the level of safety for consumption.

Materials and methods. The alcoholic content of ten
different brandy samples — six grapes and four plums was
determined by using of the automatic distillation unit
Gibertiny BEE RV 10326. The content of methanol in
brandies was evaluate by gas chromatograph Varian 3900
with a capillary column VF max MS (30 m, 0,25 mm ID, DF
= 0,25um), equipped with FID. The statistical analysis of the
data was carried out by the standard deviation determining.

Results and discussion. The obtained data for the
alcoholic content of grape brandies showed variation from
36.00 to 69.98 vol.% (Average 52.70 vol.%). In plum
brandies this variation was in the range from 40.00 to 62.70
vol.% (Average 46.27 vol.%). Methanol was identified in all
analyzed brandy samples. In the grape brandies it ranged from
0,20-0,56 g/dm’®, while in the plum brandies this variation
was in range 1,08-2.98 g/dm’.

The first three samples grape brandies showed lower levels
of methanol, which is explained by the use of distillation unit
with additional purification column and condenser. This leads
to a better purification of methanol, in comparison to the other
three samples grape brandies, which are distilled in ordinary
still.

Established higher levels of methanol in plum brandies,
compared with grape brandies, are normal trend. The reason
for this is the higher content of pectin in the plum fruit. The
pectin is a precursor of the methanol. The higher pectin levels
normally lead to the formation of a higher amount methanol
in the final product.

The identified concentrations of methanol in this study
were within the normative values for the presence of this
alcohol (maximum level to 10,00 g/dm®), documented in the
Bulgarian and European leglslatlon

Conclusions. The identification of methanol in all tested
brandies confirmed their authenticity. All established
methanol concentrations in brandies meet the Bulgarian and
European legislation. The studied brandies are safe for

consumption.
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Introduction

Brandies are alcoholic drinks produced by the method of distillation of fermented fruit
pastes, fruit juices, or by-products of wine production [1]. Typical indicator of their
authenticity is the presence of alcohol fermentation products.

The methanol is constantly present component of brandies, regardless of the raw
material from which they are produced [2]. Its presence is due to the concentration level of
its precursor (pectin) in fruits, the degree of the carboxyl groups methoxylation of the
pectin, the degree of rotting of the fruit and the concentration and activity of fruit enzyme
systems [1]. The presence of methanol in the brandies is indicator of their authenticity and
safety for consumption. The methanol is formed on the base of several enzymatic
transformations following order: initial decomposition of insoluble protopectin to soluble
pectin under the action of the enzyme protopectinase; subsequent decomposition of the
soluble pectin to polygalacturonic acid and methanol under the action of the pectinesterase
enzyme [1, 3, 4, 5]. The toxic effect which possess methanol on the human body is
associated with ingesting it at high concentration and due to its highly toxic end metabolic
products — formaldehyde and formic acid [6, 7, 8, 9]. Poisoning with methanol can cause
metabolic disorders, blindness, neurological dysfunction, surrogate toxicity and death [10,
11]. This requires constant and regulated control of its presence in alcoholic beverages and
complience to defined legally-regulated limits of its presence in alcoholic beverages.

Velkov [4] claimed that the concentration of methanol in grape brandies ranges from
0.40-2.00 g/dm”, for plum brandies (manufactured by qualitative, technological mature and
healthy material) this range is within 2.00—5.00 g/dm’, while in the plum brandies obtained
after the fermentation of partially rotten (unhealthy) plums, these levels rise and fall in the
range of 4.00-10.00 g/dm’. According to Marinov [1], the methanol in grape brandies made
from quality material is moving in the range 1.60-1.80 g/dm’ and must not exceed 2.00
g/dm’. In fruit brandies produced from healthy fruits, the methanol content varied in higher
concentration range — 2.00-6.00 g/dm’, while when using of rotten fruit material, it rises
and falls in the range of 4.00-12.00 g / dm”.

The requirements of the Bulgarian legislation on the composition of various types
brandies produced in the territory of Bulgaria are defined in the Law on wine and alcoholic
beverages (Law on Wine and Alcohol Beverages, Bulgaria, 2014). It confirms the
following maximum levels of methanol in different groups brandies: wine brandy — a
minimum alcohol content — 37.5 vol.%, the maximum allowed content of methanol — 200
g/hl a.a. (2 g/dm’); grape brandy — a minimum alcohol content — 40 vol.%, the maximum
allowed content of methanol — 1000 g/hl a.a. (10 g/dm’); fruit brandy — the minimum
alcoh301 content — 37.5 vol.%, the maximum permitted methanol content — 1000 g/hl a.a. (10
g/dm’).

The European legislation (Regulation Ne 110/2008 of the European Parliament and
Council) [13] determines the maximum methanol content of fruit brandies to 1000 g/hl a.a.
(10 g/dm’), but a slightly higher methanol levels for various fruit brandies are eligible. For
brandies made from plums, apples, pears, raspberries, blueberries, apricots and peaches are
allowed methanol concentrations to 1200 g/hl a.a. (12 g/dm®). For brandies made from
currants, blackberries, elderberries, quince and juniper are allowed methanol content to
1350 g/hl a.a. (13.50 g/dm?).

The aim of this study is to examine the methanol content of various grape and fruit
brandies and to evaluate their authenticity and safety.
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Materials and methods

Origin of samples. Ten different brandy samples were provided for analysis: six grape
brandies and four plum brandies. Samples were produced in the region of Pleven and
Lovech, Bulgaria.

The first three grape brandy samples were obtained after distillation in still equipped
with additional purification column, followed by condenser. The other three grape brandy
samples were obtained after distillation in ordinary still. Plum brandies were obtained after
distillation of fermented raw material in ordinary still too.

Determination of alcohol content. The alcohol content of the tested drinks was
defined by specialized equipment with high precision — automatic distillation unit —
Gibertiny BEE RV 10326 (Gibertiny Electronics Srl., Milano, Italy) and Gibertiny Densi
Mat CE AM 148 (Gibertiny Electronics Srl., Milano, Italy).

Determination of methanol in brandies by GC-FID. The methanol content was
determined by Method IS 3752:2005 (Indian Standard 3752:2005. Alcohol Drinks —
Methods of Test) by preparing a standard solution. An amount of 1,0 g of methanol (purity
99.9%, Merck, Germany) was diluted to 100 ml with 40% ethanol solution. 10 ml of this
solution was diluted to 100 ml with 40% ethanol solution. From this stock solution was
prepared the standard methanol solution by adding 5 ml of the diluted solution in the 10 ml
test tube, and adding 1 ml of the previously prepared solution of octanol (internal standard).
The 2 pl of resulting standard solution of methanol and octanol was injected in gas
chromatograph Varian 3900 with a capillary column VF max MS (30 m, 0,25 mm ID, DF =
0,25 pum), equipped with a flame ionization detector (FID). The used carrier gas was He.
Hydrogen to support combustion was generated and supplied to the chromatograph via a
hydrogen generator (Parker Chroma Gas: Gas Generator 9200). The injection is manually
by microsyringe.

The parameters of the gas chromatographic determination were: injector temperature —
220 °C; detector temperature — 250 °C, initial temperature of the oven — 35 °C/retention 1
min, rise to 55° C with step of 2 °C/min for 11 min, rise to 230 °C with step of 15 °C/min
for 3 min. Total time of chromatography analysis — 25,67 min.

Identification of methanol and octanol in the standard solution is shown in the
chromatogram — figure 1.

mV
15.01

12.57

16.675
(o

10.0+
7.54
5.0
2.5

—

0.04

10 15 20 25
min
Fig. 1. Chromatogram of standard solution (methanol and octanol (IS)):
1 — methanol (retention time = 4.426 min); 2 — ethanol (solvent);
3 — octanol (internal standard; retention time = 16.675 min)
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After determination of the retention times of methanol and octanol, we proceed to the
identification and quantification of the methanol in the brandy samples. 5 ml of each brandy
sample and 1 ml of internal standard solution (octanol) were placed in 10 ml test tubes with
a stopper. Prepared samples were injected in an amount of 2 pl in a gas chromatograph and
was carried out an identification and quantification of the methanol content in each of them.

Statistical analysis. The statistical analysis of the data was carried out by determining
the standard deviation (SD), with triple repetition of the analyses. It is performed with the
Excel 2007 software application of the Microsoft Office 2007 suite (Microsoft Corporation,
USA).

Results and discussion

The obtained data for the alcoholic content of the studied grape and fruit brandies were
presented in Table 1.

The ethanol content (vol.%) in grape brandies varied in the range of 36.00 vol.% —
69.98 vol.% (Average 52.70 vol.%).

Variation of ethanol in plum brandies was in the range of 40.00 vol.% — 62.70 vol.%
(Average 46.27 vol.%). These indicators were brought to standard alcoholic content for
both group brandies — grape and fruit, regulated by the Bulgarian and European legislation
(Law for Wine and alcoholic drinks, 2004; Regulation Nel110 /2008 of the EU).

The chromatographic profiles of the analyzed grape brandies were presented in Figures
2-7.

Table 1
Alcoholic content of the analyzed grape and fruit brandies

Brandy sample Content of ethanol,
vol.%
Grape brandy 1 68.70
Grape brandy 2 69.98
Grape brandy 3 45.62
Grape brandy 4 40.20
Grape brandy 5 36.00
Grape brandy 6 55.70
Plum brandy 1 40.00
Plum brandy 2 62.70
Plum brandy 3 36.70
Plum brandy 4 45.68
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Fig. 2. Chromatographic profile of grape brandy 1:
1- methanol (retention time = 4.333 min);
2 — octanol (internal standard; retention time = 16.639 min)
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Fig. 3. Chromatographic profile of grape brandy 2:
1- methanol (retention time = 4.370 min);
2 — octanol (internal standard; retention time = 16.660 min)
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Fig. 4. Chromatographic profile of grape brandy 3:
1- methanol (retention time = 4.306 min);
2 — octanol (internal standard; retention time = 16.657 min)
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Fig. 5. Chromatographic profile of grape brandy 4:
1- methanol (retention time = 4.389 min);
2 — octanol (internal standard; retention time = 16.666 min)
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Fig. 6. Chromatographic profile of grape brandy 5:
1- methanol (retention time = 4.441 min);
2 — octanol (internal standard; retention time = 16.667 min)
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Fig. 7. Chromatographic profile of grape brandy 6:
1- methanol (retention time = 4.376 min);
2 — octanol (internal standard; retention time = 16.660 min)

The identification of methanol and octanol in brandy samples was performed according
to established retention times of the two compounds in the standard solution. As is apparent
from the chromatographic profiles, the methanol was identified in all six samples. This is
an evidence that the samples were authentic grape brandies, made from grape raw material
on the base of fermentation process. The presence of methanol in these samples exclude the
possibility that they were falsified. The evidence supporting this proposition was the
presence of other peaks were not identified, but indicated presence of other compounds that
are likely to be products of the yeast metabolism.
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The established concentration levels of methanol in grape brandies are presented in
table 2.

Table 2

Methanol content of studied grape brandies

Brandy sample Content of methanol,
g/dm’

Grape brandy 1 0.20 +0.03
Grape brandy 2 0.27+0.01
Grape brandy 3 0.30+0.02
Grape brandy 4 0.56+0.01
Grape brandy 5 0.39+0.01
Grape brandy 6 0.59+0.02

It is noteworthy that the first three grape brandies showed lower methanol content than
the other three. This is due to various distillation plants, on the basis of which brandies
were obtained. The use of distillation in stills equipped with additional purification column
and condenser for the first three samples resulted in better cleaning. This reflected in
decreased methanol content in them.

The obtained results indicate the highest content of methanol in grape brandy 6—0.59 +
0.02 g/dm’. The lowest found methanol level occurred in grape brandy 1-0.20 + 0.03
g/dm’. The obtained data correlate with the values documented in the scientific works of
Marinov [1] and Velkov [4]. The methanol content was in agreement with the requirements
of the Bulgarian and European legislation. The obtained results for the content of methanol
in analyzed grape brandies were clear evidence for their authenticity. The concentrations of
methanol indicate that these brandies were harmless from a toxicological point of view,
with acceptable levels of methanol.

The chromatographic profiles of the second studied group brandies — plum, were
presented in figures 8-11.
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Fig. 8. Chromatographic profile of plum brandy 1:
1- methanol (retention time = 4.190 min);
2 — octanol (internal standard; retention time = 16.671 min)
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Fig. 9. Chromatographic profile of plum brandy 2:
1- methanol (retention time = 4.367 min);
2 — octanol (internal standard; retention time = 16.655 min)
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Fig. 10. Chromatographic profile of plum brandy 3:
1- methanol (retention time = 4.409 min);
2 — octanol (internal standard; retention time = 16.675 min)

The chromatographic profiles of brandies made from plum raw material, indicated the
presence of methanol in all four tested brandies. This proves the authenticity of beverages.
A comparison between the chromatographic profiles of the grape and plum brandies
showed that the peaks of methanol in plum brandies occupy a larger area — an indicator of a
higher amount of searched congener. The quantities of methanol in plum brandies,
presented in table 3, confirm this clear trend.
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Fig. 11. Chromatographic profile of plum brandy 4:
1- methanol (retention time = 4.410 min);
2 — octanol (internal standard; retention time = 16.660 min)
Table 3

Content of methanol in plum (fruit) brandies

Plum brandy Content of methanol,
g/dm’

Plum brandy 1 2.98 £0.02

Plum brandy 2 1.64 £0.03

Plum brandy 3 2.36 +£0.01

Plum brandy 4 1.08£0.01

The presence of higher amounts methanol in plum brandies against the grape brandies,
is a normal trend. This is for the reason that plum fruits has a higher content of pectin,
which is a precursor for the formation of methanol. Higher pectin levels normal lead to
higher amounts of methanol in the final product. The highest methanol content was found
in plum brandy 1-2.98 + 0.02 g/dm’. In all samples the methanol content was within the
range of 1.00-5.00 g/dm’, which indicated that the used raw material was strong, quality
and technologically mature and the distillation process was carried out in compliance with
the technology of distillation. The identified concentrations of methanol in plum brandies
categorize them as safe, because they cover the normative values for the presence of this
alcohol (maximum acceptable levels to 10.00 g/dm®), documented in the Bulgarian Law of
wine and alcohol beverages (2014) and Reg. No110/2008 of the EU.

Conclusions

The study, undertaken in order to evaluate the degree of authenticity and safety of six
samples grape brandies and four samples plum brandies found:
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Identification of methanol in all analyzed brandy samples, which confirms their
authenticity and proves that they are made from raw material typical for them;
Established quantitative data for the presence of methanol confirm the identity of
brandies corresponded to the raw material used for its production. The methanol
content in brandies complied to the limits of this alcohol in both groups brandies —
grape and fruit (plum);

The reported higher levels of methanol in plum brandies were indicator for their
authenticity, because plum fruits are rich source of the methanol precursor — pectin;

All established methanol amounts in brandies meet the legal requirements, which is a
direct confirmation for their safety consumption.
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Introduction. Enzyme inactivation is a major objective in
orange juice production. Conventional heating in elevated
temperature causes adverse effects on the final products such as
color alterations, flavor damages, ascorbic acid losses. For this,
microwave heating (MW) was used in this study as thermal
treatment on orange juice production for pectin methylesterase
(PME) inactivation, and response surface methodology (RSM)
was used for optimization of MW conditions.

Materials and methods. Oranges (Citrus sinensis Osb.) of
Navel variety were used as raw material in this study. The effects
of flow rate and power on PME activity were investigated. After
optimization orange juice was produced with using optimized
conditions and compared with untreated control juices and
conventional thermally heated juices on the aspect of PME
inactivation and some quality characteristics.

Results and discussion. The linear effects of flow rate (x;)
and power (x2), as well as the quadratic effect of flow rate (x;%),
power (x,’) and the interaction effect of flow rate-power (x;x)
were significant for PME inactivation by MW. Lack of fit of
experimental data was not significant (P>0.05) for model. The
coefficient of variation (C.V.) was 6.27%. The model showed an
adequate precision of 6.788x10”. The determination coefficient
(R?») was 0.9793, while the adjusted determination coefficient
(adjusted R?) value was 0.9645. R* and adjusted R values for the
models did not differ dramatically indicating non-significant
terms have not been included in the model. Reduction of PME
activities was found approximately 93-95% in MW groups. The
PME inactivation rate was described satisfactorily as a function
of microwave heating conditions. The PME can be inactivating in
moderate temperatures by MW (40 mL/min-900W-83 °C) and
MW (50 mL/min-900W-75 °C). D values were calculated for
two optimum conditions of MW and CH treatments and found as
39.24 sec for MW (40 mL/min-900W), 38.76 sec for MW (50
mL/min-900W) and 70 sec for CH (95 °C—60 sec). Total pectin
content was increased 17.2% after MW application. And the loss
of ascorbic acid content for MW sample was found lower than
other applications.

Conclusions. A synergistic effect of microwave energy and
temperature on orange juice PME inactivation was found under
microwave heating conditions. It was determined that MW (50
mL/min-900W) can be applied as a thermal treatment on orange
juice production in moderate temperatures (75 °C) for PME
inactivation and may improve functional properties of orange
juice. And this result is extremely important in terms of cloud
stability of orange juices.
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Introduction

Orange juice is a widely consumed product owing to its high nutritional value and
desirable sensory characteristics [1] and a common problem associated with orange juice
(fresh squeezed, concentrated and preserved) is the loss of cloudiness [2], and it is a critical
orange juice quality parameter imparting characteristic flavor, color and mouthfeel. The
juice cloud, which is composed of finely divided particulates of pectin, cellulose,
hemicellulose, proteins and lipids in suspension, is considered a desirable characteristic of
orange juice [1, 3, 4]. Cloud stability is affected by the impact of pectic enzymes,
particularly pectin methylesterase (PME) [5]. PME, a ubiquitous enzyme in plants, de-
esterifies the methoxylated pectin in the plant cell wall. PME (EC 3.1.1.11) is also referred
as pectin demethoxylase, pectin methoxylase, pectase, pectinoesterase and pectinesterase,
released into juice during extraction [6, 7, 8]. The design for thermal pasteurization of
orange juice is based on the thermal destruction characteristics of PME which is thermally
stable than many vegetative microorganisms [9, 10]. Conventional thermal processing is the
most common method to inactivate PME and to prevent juice cloud precipitation;
additionally to control microbial growth in orange juice production. Pasteurization at 90-95
°C for 60-90 sec is used to inactivate the most tolerant PME isoenzyme. However it can be
reduce freshness, affecting sensory and nutritional characteristics of orange juice. This
conventional treatment in elevated temperature causes adverse effects on the final products
such as color alterations, flavor damages, ascorbic acid losses [11-14].

As consumers are highly demanding minimally processed and fresh-like food products,
the use of emerging technologies is gaining popularity. The food industry is interested in
emerging technologies which inactivates enzymes and microorganisms without significant
adverse effects on flavor and nutrients [15]. Microwave heating is an emerging technology
in food processing, which bases its preservation properties in thermal reduction of the
microbial counts in foods. Heating takes place due to the interaction of electromagnetic
radiation at certain frequencies with dielectric materials; this is also called volumetric
heating due to, in contrast with convection or conduction mechanisms, microwave radiation
directly penetrates the material causing volumetric heat generation in the material, resulting
in high-energy efficiency and lower heating times [16, 17]. This technology has found
many applications in the food industry, as it has important advantages over conventional
heating, such as reduced processing time, high-energy efficiency, and improved food
quality [17]. Microwave heating as an alternative method for fruit juice pasteurization has
now gained better acceptance as it offers several advantages over the conventional method.
The advantages for the use of microwave energy in fruit juice processing are (i) heating the
juice directly, (ii) no heat-transfer films, (iii) improved temperature control, (iv) rapid
startup and cooldown, and (v) less heat lost to the environment."®! Microwave
pasteurization of fruits and fruit juices, e.g. citrus juices, involving enzyme inactivation has
not been commonly studied. There have been few reports on PME inactivation using
microwave energy [7, 14, 16-18, 20-22]. However, no optimization data for microwave
inactivation of PME has been reported.

Therefore the objective of this study was to investigate the effect of microwave heating
on the inactivation of PME on orange juice and to optimize the moderate temperature
conditions for electrical field application with response surface methodology (RSM) and to
compare it with the conventional thermal treatment. Then effects of MW treatment at
optimized conditions on the PME activity and some quality characteristics were determined
by physical and chemical analyses.
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Materials and methods

Material. Oranges (Citrus sinensis Osb.) of Navel variety were used as raw material in
this study. The oranges were purchased from Zumdieck Frozen and Canned Food Company
(Salihli-Manisa, TURKEY). They were stored in a refrigerator at 7 °C and 80-90%
humidity for maximum of 48 hours before processing.

Processing methods.

Orange juice production: After washing and peeling applications oranges were
processed to orange juice by using a juice extractor (Moulinex, JU5000-800W) and all
groups (control, MW and CH) were sieved (mesh 3.5 mm). Then orange juices were
divided into three groups; (i) control group (without any treatment) and (i) MW application
group, process conditions (flow rate and power) were optimized by using RSM; (iii)
conventional thermal treatment group (CH) to determine PME inactivation and quality
effects;

MW application: MW heating was used for the pasteurization of the orange juices. A
modified MW oven (Model Argelik MW 595, Istanbul, Turkey) with 2450 MHz operated at
540 to 900 W was used. The heating region of the MW oven contained a 3-m-long silicon
hose (diameter of hose 8 mm-inside; 11 mm-outside) and a peristaltic pump for controlling
flow (Watson Marlow [505U] Ltd., Falmouth, Cornwall, U.K.). Entrance and exit
temperatures were measured by thermocouples. The maximum difference among the
measured temperatures was approximately 1 °C. The experiments were replicated three
times. The average temperature of the replicated heating experiments was accepted or used
as the measured temperature values. Flow rates between 40 and 80 mL/min at 540, 720, and
900 W were studied. Flow rates and power were optimized for pasteurization process by
RSM and the PME activity was taken as a response. By the ANOVA, flow rate and power
were found to be significantly important on PME activity at 95% confidence interval.
Model was tested for lack of fit.

CH application: Conventional thermal treatment was realized in a water bath (DKZ
Series). Shelf stable orange juices, processing times for thermal pasteurization are
equivalent to 90-95 °C for 60-90 sec [23, 24]. As given in literature; 200 mL bottled orange
juice were heated until 95 °C and kept at the same temperature for 60 sec. The temperature
was measured in the juice within the center vertical axis of the bottles without agitation.
And the water bath temperature was 100 °C; all of the bottled orange juices were come up
to 95 °C in 10 minutes and kept at the same temperature for 60 sec. Then orange juice was
processed at optimized conditions to compare quality characteristics. Processed orange
juices by MW were filled into 200 mL sterile bottles in aseptic conditions and closed
leaving the minimum amount of headspace volume. After production of orange juices, all
samples were cooled +4°C in an ice bath and analyses were conducted after production.
After heating treatments decimal reduction times (D values) of PME were calculated for
MW optimum points and conventional heating treatments.

Methods of analysis.

Response measurement techniques: RSM was used for optimization of MW conditions
(Myers and Montgomery, 1995) [25]. The effects of flow rate and power (independent
variables) were investigated on PME activity (response) of orange juice. A central
composite rotatable design was used in designing the MW treatment of two variables at five
levels (Design Expert 7.0.0 STAT-EASE, 2005). PME activities were determined after MW
applications.
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The model adequacies were checked by R?, adjusted-R?, predicted-R* and prediction
error sum of squares (PRESS) [25]. A good model will have a large predicted R?, and a low
PRESS. After model fitting was performed, residual analysis was conducted to validate the
assumptions used in the ANOVA. This analysis included calculating case statistics to
identify outliers and examining diagnostic plots such as normal probability plots and
residual plots. Maximization and minimization of the polynomials thus fitted was
performed by desirability function method and mapping of the fitted responses was
achieved using Design Expert Version 7.0.0 software.

Chemical and physical analysis: PME activity and quality characteristics of orange
juices were investigated and samples were analyzed to determine the following:

PME activity was measured by continuous recording of the titration of carboxyl groups
released from a pectin solution using a pH meter (WTW InoLab, Weilheim, Germany) and
0.01 M NaOH. Routine assays were performed with a 0.5% pectin (Sigma-Aldrich Corp.,
St. Louis, Mo., U.S.A.) solution (25 mL) containing 0.117 M NaCl (pH 7.0) at 30 "C. An
activity unit (U) of PME is defined as the amount of enzyme required to release 1 umol of
carboxyl groups per minute [26, 27].

Pectin content was investigated according to AOAC (1968) [28]. The method is based
on the extraction of pectin with ethanol after centrifugation (4000 rpm, 15 min, 20 °C)
(CFC free Universal Hettich Zentrifugen, Tuttlingen, Germany); the precipitated part was
treated with 5 mL NaOH and completed to 100 mL with deionized water. After filtration,
samples were prepared with 0.5 mL carbazol (Merck, Darmstadt, Germany) and 0.5 mL
ethanol. Sulfuric acid (Merck) (6 mL) was added to both samples, then they were placed in
a water bath at 85 °C for 5 min. Absorbance values were taken at 525 nm with a Varian
Cary 50 Scan (Sydney, Australia) spectrophotometer and the pectin content was calculated
with the calibration curve that was made by using gallacturonic acid anhydrate standards
(Sigma-Aldrich Corp.).

Ascorbic acid was determined according to Hisil (2004) [29]. 10 mL of orange juice
were homogenized in a Waring Blender (Waring Products Inc., Connecticut, USA) with 90
mL of 0.4% aqueous oxalic acid solution, filtrated through Whatman No 1 paper. 1 mL of
filtrated sample was mixed with 9 mL 2,6 dichlorophenol-indophenol (Merck KGaA,
Germany), and immediately the absorbance was measured with a spectrophotometer
(Varian Cary 50 Scan, Australia) at 518 nm against the solution of sample mixed with
distilled water (1:10). Standard curve was constructed by using L(+) ascorbic acid (Carlo
Erba Reagenti SpA) solutions with known concentrations, and ascorbic acid content of the
samples calculated against the standard curve.

Total soluble matter (°Brix) of juices was measured with a refractometer at 20 °C
(RFM 330; Bellingham+Stanley Limited, Tunbridge Wells, Kent, U.K.) [30]. The pH
values of orange juices were measured with pH meter-WTW InoLab at 20 °C [30]. The
color (L*, a*, b*) values of orange juice were measured with a HunterLab Colorflex
colorimeter (Hunter Associates Laboratory, Reston, Va., U.S.A.) and total color differences
(AE) and chroma (AC) values were calculated according to control group. Orange juices
were placed on the light port using a 5 cm diameter glass dish with cover. Color parameters
were recorded as L* (lightness), a” (redness) and b (yellowness) and total color differences
(AE) values were calculated according to equations 1.

AE= [(L'Lref)2+(a-aref)2 + (b_bref)Z]O.S (1)

Statistical methods: Results were statistically analyzed by analysis of variance
(ANOVA) using the software SPSS 13 (SPSS Inc., Chicago, IL, USA) with the Duncan test
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to evaluate differences between treatments at levels of significance P<0.05. Each
experiment was repeated at least three times; means and standard deviations of results were
calculated.

Results and discussion

Optimization ranges of MW application were determined by pretesting. By the aim of
choosing the suitable flow rate interval some experiments were made between flow rate
ranges of 20-100 mL/min at 900 W. Under 40 mL/min flow rate orange juice outlet
temperatures were measured upper than conventional heating temperatures (95 °C).
Above 80 mL/min application, PME was activated because of the low temperature (~55
°C). And the effects of power on PME inactivation were determined by three power levels
as 540, 720 and 900 W. So independent variables (flow rate and power) interval were
chosen as 40—80 mL/min; 540-900 W for RSM. By the ANOVA, flow rate and power were
found significantly important on the PME inactivation of orange juice at 95% confidence
interval. Model was tested for lack of fit. Table 1 shows the experimental design and
responses.

Table 1
Central composite rotatable design with experimental values of response variables

Run # Flow rate Power PME activity*

(mL/min) (x;) W) (x,) (umol/min/mL)
1 60 720 0.243+0.02
2 60 540 0.281+0.01
3 88 720 0.373+0.03
4 40 540 0.173+0.01
5 60 720 0.276+0.01
6 32 720 0.130+0.03
7 60 900 0.179+0.02
8 60 720 0.276+0.02
9 80 540 0.366+0.04
10 60 720 0.276+0.02
11 80 900 0.260+0.02
12 40 900 0.098+0.01
13 60 720 0.281+0.01

* Results are presented as means =SD (n = 3).

The linear effects of flow rate (x;) and power (x;), as well as the quadratic effect of
flow rate (x,°), power (x,°) and the interaction effect of flow rate-power (x;x,) were
significant for PME inactivation by MW. Lack of fit of experimental data was not
significant (P>0.05) for model. The coefficient of variation (C.V.) was 6.27%. Adequate
precision compares the model predicted values with its associated error, its signal to noise
ratio. Ratios greater than 4 indicate adequate model discrimination. The model showed an
adequate precision of 6.788x107. The determination coefficient (R?) was 0.9793, while the
adjusted determination coefficient (adjusted R?) value was 0.9645. R? and adjusted R values
for the models did not differ dramatically indicating non-significant terms have not been
included in the model. There was a high correlation between the experimental and predicted
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values. These statistical parameters confirm the consistency of model, indicating that it is
reliable to predict PME inactivation. Using the regression coefficients from the adjusted
model (Table 2) the following model equation was generated (x;: flow rate, mL/min; x,:
power, W):

PME activity (umol/min/mL) = 0.27 +0.087 x; — 0.041 x; — 7.5x10"% x; x, —
—0.014 x,°— 0.025 x;°
(x;. flow rate; x,.power) 2

Table 2
Anova table showing the variables as quadratic terms on response variable and coefficient for
the prediction model

Source DF** Coefficient Sum of p-value*
squares
Model 5 +0.27 0.080 <0.0001
X 1 0.087 0.061 <0.0001
x5 1 -0.041 0.013 <0.0001
X7 X 1 —7.5x10"% 2.250x107 0.3659
X/ 1 -0.014 1.307x107 0.0526
X, 1 -0.025 4.186x107 0.0042
Residual 7 1.686x107
Lack of fit 3 7.487x107" 0.4572
Pure error 4 9.369x107
Total 12 0.081
R’ 0.9793
Adj-R? 0.9645
Pred-R? 0.9167
PRESS 6.788x107
CV 6.27

*p-value < 0.05 is significant at a = 0.05. Lack of fit is not significant at p-value > 0.05.
** DF: Degress of freedom

Optimum condition for MW of orange juices was determined to obtain minimum PME
activity. Second order polynomial models obtained in this study were utilized for response
in order to determine the specified optimum conditions. These regression models are valid
only in the selected experimental domain. In this study, flow rate and power were selected
in the range of 32—88 mL/min, 540-900 W respectively. Figure 1 shows the effect of flow
rate and power PME inactivation of the orange juice at MW application. By applying
desirability function method, two solutions were obtained for the optimum covering the
criteria. The first one is 40 mL/min for flow rate and 900 W for power. The second one is
50 mL/min for flow rate and 900 W for power. The results indicate that the high powers on
lower flow rates can decreases PME activities and both solutions gave nearly same
desirability values (0.9). So, the factor level combinations obtained both solutions were
selected as the optimum. Production of orange juices was made at two optimum point for
determining PME activities and quality properties. Predicted value by RSM was suitable
with the observed value of PME activities as shown in Table 3.
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PME activity

B: Power

40 50 60 70 80
A: Flow rate

Figure 1. The effect of voltage gradient and temperature on pectin methylesterase inactivation

of the orange juice at microwave heating applications

Table 3
Predicted and observed responses at optimum level of variables

Predicted value of Observed .
Sample response, response, Pl;/f[:;llucti?n- t(.)f
PME activities PME activities™ oa/c vies
(umol/min/mL) (umol/min/mL) (%)
MW (40 mL/min-900W) 0.0734 0.087+0.05° 95.36
MW (50 mL/min-900W) 0.1221 0.130+0.04 93.04
CH(@O5°C-60sec) | --—--—- 0.260+0.03¢ 86.08
Control | = e 1.868+0.06° | e

* Reduction of PME activities (%) were calculated according to control PME activities
**Statistically significant difference shown levels a, b (P<0.05); results are presented as means £SD
(n=3).

PME activities of orange juices were found as 0.087 umol/min/mL MW (40 mL/min-
900W) and 0.130 pmol/min/mL MW (50 mL/min-900W) whereas control group has 1.868
pmol/min/mL PME activities. In CH (95 °C-60 sec) group PME activities of orange juices
were found as 0.260pmol/min/mL. It was found statistically significant (P < 0.05).
Reduction of PME activities were found as 95.36%, 93.04%, 86.08% for MW (40 mL/min-
900W), MW (50 mL/min-900W), CH (95 °C-60 sec); respectively (Table 3).

Results were in agreement with Nikdel et al., (1993) [18]. They found 98.5-99.5%
reduction of PME activity during MW (>75 °C with 10-15 sec) compared to its activity in
fresh orange juice. This compared to 99.0% inactivation by traditional pasteurization for 15
sec at 90.5 °C. Villamiel et al., (1998) reported that continuous microwave heating
compares favourably with conventional heating at PME inactivation temperatures [14]

254 ——/Ukrainian Food Journal. 2016. Volume 5. Issue 2 —




Food technologies

Tajchakavit and Ramaswamy (1995) found that the comparison of continuos-flow MW and
thermal inactivation kinetics of PME at 60 °C indicated the MW inactivation rate to be 7.5
and 3.5 times faster than convectional thermal inactivation rate under batch type and
continuous flow heating conditions indicating the possibility for some additive non-thermal
effects [31]. Tajchakavit and Ramaswamy (1997) reported that the PME decimal reduction
times for microwave heating were 38, 12, 4.0 and 1.3 sec at 55, 60, 65 and 70 °C,
respectively [22]. And as compared with about 150 and 37 sec at 60 and 70 °C respectively,
during conventional heating. In the literature, there are few reports on MW heating of
orange juice for PME inactivation but there are some other studies on PME inactivation for
orange juice by using high pressure, PEF etc. Yeom et al. (2002) found a 90% orange PME
activity reduction with 125 pulses of 2-us-pulse-width at 25 kV/cm [32] and Elez-Martinez
et al. (2003) reached an 80% activity reduction of orange PME after 375 pulses of 4-pus-
pulse-width at 35 kV/cm [33]. Moreover, Rodrigo et al. (2003) achieved an 81.3% PME
reduction in orange-carrot juice after a 350-us HIPEF treatment of 35 kV/cm [34]. Giner et
al. (2005) also observed an 86.8% PME inactivation in a commercial pectolytic enzyme
preparation [35]. Different results achieved by employing techniques can be related to
different temperature/time history of orange juice samples. In addition, this difference is the
result of thermostable PME ratio of total-PME. The relative ratio of the thermostable PME
to total-PME can vary between 0 and 33% depending on the citrus cultivars. In the case of
oranges, the percentage of PME fractions depends on the variety of the oranges [36-38],
geographic location, growth practice, post-harvest handling, seasonal differences [37], fruit
tissues [8], and experimental changes in protocol [39]. A 5% thermostable PME fraction
was observed for Valencia oranges [38]. In Navel oranges, Van den Broeck et al. (2000)
[40] and Versteeg et al. (1980) [7] also found a 5% heat-stable PME fraction. In addition,
according to Rombouts et al. (1982) [36], the thermostable PME represented 6% of the
total activity in Navel oranges, 11% in Salustiana oranges and 7% in Shamouti oranges.
And our results shows additional PME inactivation rates for Navel oranges by MW heating.

Thermal heating histories and D values of microwave heating (optimum points) and
conventional thermally heated orange juices were shown in Table 4. D values were
calculated for two optimum conditions of MW and CH treatments and found as 39.24 sec
for MW (40 mL/min-900W), 38.76 sec for MW (50 mL/min-900W) and 70 sec for CH
(95 °C - 60 sec). D value defined as the heating time required to result in 90% inactivation
of initial activity. As seen from the results, to inactivate 90% of PME at MW conditions
need shorter time than CH. And it shows the additional effects of electromagnetic energy.
D values of PME inactivation in orange juice obtained following microwave heating were
remarkably smaller than those obtained from conventional thermal inactivation. This
indicates that microwave heating is more effective than conventional heating in inactivating
PME in orange juice with some contributory nonthermal effects. Wicker and Temelli
(1988) reported the D value of 0.225 sec at 90 °C for orange juice [41]. The calculated
ranges of D values are 10-390 sec at 55 °C and 6-36 sec at 70 °C. In comparison with these
values, the D values obtained under microwave heating conditions are smaller by an order
of magnitude. This indicates that microwaves cause inactivation of PME in some way
which cannot be solely explained by thermal effects. In other words, these results confirm
the contributory nonthermal effects of microwaves resulting in enhanced inactivation of
PME in orange juice as also observed in our study. Versteeg et al. (1980) showed three
forms of PME in Navel oranges, one of which, the high molecular weight PME, was
reported to be the most heat resistant fraction D value of 24 sec at 90 °C; of the other two
forms of PME isozymes, one was more rapidly inactivated (D60 of 47 sec) than the other
(D70 of 27 sec) [7]. These studies indicate that PME inactivation kinetics depend on several
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factors: variety and composition (acidity, total solids, pulp content) of juice as well as
heating method.

Table 4
Termal heating histories of microwave and conventional heated orange juices
Heating F P Tin th: Tout t; T eout D*
treatments (mL/min) | (W) | (°C) | (sec) | (°C) | (sec) | (°C) (sec)
Microwave 40 900 | 252 | 52 | 83+l | 52 | +4+1 | 39.2440.2°
Microwave 50 900 | 24+2 | 45 | 75£1 | 45 | +4+1 | 38.76+0.5°
Conventional b | 242 60 |95£1| 660 | +4=1 | 70.00+0.2°
heating

F: flow rate; P: power T;,. inlet temperature; T, outlet temperature after heating treatments; Te-oy.
outlet temperature after cooling;
t,. total heating time; t;. total treatment time; D: Decimal reduction times of PME;

*Statistically significant difference shown levels a, b (P < 0.05); results are presented as means £SD
(n=3).

Results of chemical and physical analyses of orange juice which produced at optimum
conditions were shown in Table 5. Pectin content is important for cloudiness of orange
juice. Total pectin content was increased 2.6% and 17.2% for MW (40 mL/min-900W) and
MW (50 mL/min-900W) respectively. The difference between pectin content of samples
was found statistically significant (P<0.05). Yildiz and Baysal (2006) [42]; investigated the
effects of alternative current on pectin content in tomato samples and found 3.23% pectin
content at 68 V/cm for 23 sec application (78°C) and 3.15% pectin content at 48 V/cm for
40 sec at (82°C). Rayman et al. (2011) investigated the effect of electroplasmolysis on
carrot juice and the total pectin content was increased 14.78% after electroplasmolysis
applications [43]. Demirddven and Baysal (2009) found 18.4% increase in pectin content of
orange juices after electroplasmolysis application at 27 V/cm [15].

Table 5
Results of chemical analyses of microwave and conventionally heated orange juices
Total pectin L
Ascorbic acid S *

Sample (GA-SI;I mg/ (mg/100mL)* Brix pH
MW (40 mL/min-900W) 418.67+1.5° 50.4+0.02° 12.4+0.1° 3.8+0.1%
MW (50 mL/min-900W) 478.2+2.3° 51.3+0.10° 12.3+0.17 3.8+0.1%
CH (95 °C-60 sec) 411.1£1.0° 40.5+0.00" 12.5+0.1° 3.7+£0.2%
Control 407.9+1.3° 55.4+0.04° 12.3 +0.1° 3.7+0.2°

*Statistically significant difference shown levels a, b compared with same column (P< 0.05); results
are presented as means +SD (n = 3)

Ascorbic acid was found in control sample as 55.4 mg/100 mL where, it was observed
40.5 mL/100 mL in CH group. Ascorbic acid contents of MW samples were found as 50.4
mg/100 mL and 51.3 mL/100 mL for MW (40 mL/min-900W) and MW (50 mL/min-
900W) respectively. High ascorbic acid content of MW samples can be explained by
moderate temperature applications. And also it can be explained by increasing in cell
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permeability and components can be transferred to orange juice easily. The difference
between ascorbic acid content of samples was also found statistically significant (P<0.05).
The content of vitamin C in fresh orange juice has been widely studied and the results
obtained in the present work are in the range of those published in the literature, which
varied from 25 mg/100 mL to 68 mg/100 mL [44—50]. Vikram et al. (2005) investigated the
effects of different electro-heating method on vitamin C degradation [50]. They evaluated
that the destruction of vitamin C was influenced by the method of heating and the
temperature of processing as found in the present study. They found highest vitamin C
degradation during microwave heating due to uncontrolled temperature generated during
processing and ohmic heating gave the best result facilitating better vitamin retention at all
temperatures. Lima et al. (1999), examined ascorbic acid degradation in pasteurized orange
juice during conventional and ohmic heating [51]. They also found that the type of heating
had no significant effect on vitamin C degradation. They measured a decrease of 21-23% in
ascorbic acid during thermal treatments at 90 °C for 30 min.

There are no significant differences between the samples for water soluble matters and
pH values (P > 0.05). Effects of PEF application on brix were investigated by some
researchers. Rivas et al. (2006) applied thermal pasteurization and PEF to the blended
orange—carrot juice and found brix values: 9.5 and 10.4 for control and pasteurized samples
[52]. Torregrosa et al. (2006) who studied PEF determined comparable brix values for the
pasteurized juice and juice treated by PEF [53]. Like the mentioned previous study
Cserhalmi et al. (2006) reported that in citrus juices PEF treatment (50 pulses at 28 kV/cm)
did not change the brix value significantly [54] as we found.

The color values (L*, a* and b*), and the total color difference (AE) of samples in CIE
Lab system are summarized in Table 6. The difference between L* values of MW (50
mL/min-900W) samples was found as statistically significant (P<0.05). The difference
between a* and b* values of samples and the color differences (AE) of all samples were
found as statistically important (P<0.05). By MW and CH treatments a* and b* values
decreased compared to control group, this can be explained by color of samples became
lighter after thermal applications. Same effects were observed after electrical application in
apple juices [55]. And the lower AE value measured on MW (50 mL/min-900W) heated
samples.

Table 6
Color values of microwave and conventionally heated orange juices
Sample L* a* b* AE
MW (40 mL/min-900W) 56.1+0.01% 11.54+0.04" 57.7£0.08" | 3.1+0.2°
MW (50 mL/min-900W) 56.4+0.01° 12.2£0.02° | 58.5+0.02° | 1.9+0.1°
CH (95 °C-60 sec) 56.1+0.01% 11.840.01° 58.4+0.05° | 2.340.1°
Control 56.120.01° 13.2£0.06° | 60.2£0.017 | -

*Statistically significant difference shown levels a, b compared with same column (P< 0.05), results
are presented as means +SD (n = 3)

Demirddven and Baysal (2009) found statistically significant decrease in L*, a* and b*
values of orange juices after electroplasmolysis application [15]. And Demirdéven and
Baysal (2012) found statistically significant difference between a*, b* and AE values of
ohmic and conventional heated orange juices [56]. In a previous study after treatment of
PEF in citrus juices AE values were determined as 0.45 for grapefruit; 0.59 for lemon; 0.47
for orange and 2.44 for tangerine juices. L* value of PEF treated (50 pulses at 28 kV/cm)
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tangerine juice was found as 20.76 where control has 22.16 L* value [54]. Rivas et al.**!
(2006) in blended orange—carrot juice investigated the effects of HTST (98°C, 21 sec) and
PEF (25 kV/cm, 280 us) treatments and found L* values for control, pasteurized and PEF
treated; 62.80; 62.65; 63.08, respectively.

Conclusion

In this study; the effect of microwave heating on the inactivation of PME in orange
juice and to optimize the microwave heating conditions for electrical field application with
response surface methodology (RSM) in moderate temperatures (60-85 °C) were
investigated. A synergistic effect of microwave energy and temperature on orange juice
PME inactivation was found under microwave heating conditions. The PME inactivation
rate was described satisfactorily as a function of microwave heating conditions. The PME
can be inactivating in moderate temperatures by MW (40 mL/min-900W- 83 °C) and MW
(50 mL/min-900W-75 °C). The flow rate and power combinations necessary to inactivate
the labile fraction of PME can be estimated allowing selection of optimal process
conditions that should also provide sensorial quality. Reduction of PME activities was
found approximately 93-95% in MW groups where conventional thermally heated juice has
86% reduction value. Total pectin content was increased 17.2% after MW (50 mL/min-
900W) applications. And the lost of ascorbic acid content of MW (50 mL/min-900W)
sample was lower than other applications. Due to these results, there was an important
improvement in functional properties particularly in pectin content of orange juice; and this
result is extremely important in terms of cloud stability of orange juices. And it was
determined that MW (50 mL/min-900W) heating can be applied as a thermal treatment on
orange juice production in moderate temperatures (75 °C) for PME inactivation and
improving functional properties of orange juice.
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Introduction. Despite a large number of the bacterial
preparations used in the meat industry, development of new starters
and study of their influence on development of undesirable
microbiota are still vital.

Materials and methods. We studied the halo- and thermo-
resistance of 8 collection strains of the lactic acid bacteria and the
compositions made of these lactic acid bacteria. The antagonistic
activity toward the indicator strains, isolated from the raw meat, and
the collection bacteria strains was determined by the well-diffusion
method.

Results and discussion. At the maximum NaCl concentration
(10.0%) in the growing medium, the strains of L. plantarum 12 and
1005 were characterized by high growth rate, L. delbrueckii s/sp.
lactis 013 and L. casei s/sp. tolerans 290 — by the average one.
Thermo-resistant (that is able to grow quickly at the temperature
ranged from 5 to 25 °C) were the strains of L. plantarum 12, L.
delbrueckii s/sp.lactis 013, L. acidophilus 147 and L. casei s/sp.
tolerans 187 and 290. The lactic acid bacteria showed the
antagonistic activity to both, the strains isolated from the raw meat,
and the collection strains of bacteria. Growth of some indicator
bacteria was slowed down only, while that of others — completely
inhibited. The best antagonists were the strains of L. plantarum 12,
L. delbrueckii s/sp. lactis 013 and L. casei s/sp. tolerans 290, which
completely inhibited the growth of Bacillus sp. 3, Kurthia sp.,
Planacoccus sp. 1, sp. 2, Micrococcus sp. 2, Sarcina sp. and
Staphylococcus sp., isolated from meat and the collection bacteria,
such as: Planacoccus citreus, Escherichia coli and Salmonella
enteritidis.

Based on the strains of L. plantarum, L. delbrueckii s/ sp.lactis
013 and L. casei s/sp. tolerans 290 nine variants of compositions
were made and their biotechnological potential was studied. All the
compositions were able to grow even at 0 °C. The most stable was
the starter made of L. delbrueckii s/sp. lactis 013 + L. plantarum 12
at the ratio of 1:2, the growth rate of which at 5 °C was estimated as
"exceptional”. The lactic acid bacteria compositions significantly
inhibited the growth of the indicator bacteria. The dimensions of the
“no growth’ areas for the bacteria isolated from meat ranged from 16
mm to 43 mm depending on the indicator strain and composition.
The most sensitive bacteria from the collection ones were the gram-
positive cocci P. citreus and M. luteus, for which the “no growth”
area dimensions, depending on the composition, ranged from 34 mm
to 42 mm and from 28 mm to 40 mm, respectively.

Conclusions. The results show an increase in the biotech
activity of the lactic acid bacteria in the compositions. The most
promising for testing in an industrial environment is a composition
of L. delbrueckii s/sp. lactis 013 + L. plantarum 12 at the ratio of 1:2.
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Introduction

Providing the population with the high-grade whole food, meat and meat products in
particular, is one of the priorities of the contemporary food industry. High nutrition and
biological value of meat, the possibility to get a thousand of finished products different in
the form, taste, flavor, succulence, color and consistency are determined by the
heterogeneity of its structure, composition and high variability of its properties [1, 2].

Since meat is a favorable breeding ground, there is a high risk of the development,
reproduction and accumulation of microorganisms in it [5, 6]. The sources of the microbial
contamination can be exogenous and endogenous.

To maintain quality, prevent development of deficiencies and extend the storage life of
meat, various types of processing are offered. One of the current trends is the
biotechnological methods aimed at modification and optimization of the functional and
technological properties of the raw meat, and improvement of its quality characteristics
during storage [7, 8, 9]. For this purpose, use of the lactic acid bacteria seems most
promising, in particular, the Lactobacillus genus bacteria, producing organic acids,
enzymes and other bioactive substances which promote the antagonistic properties in
respect of the undesirable raw meat microbiota [10]. There are works of the domestic and
foreign scientists devoted to search for the promising lactic acid bacteria and making
compositions (consortia) based on them, the so called “bacterial starters” [11, 12, 13].
However, in general they relate to use of starters in manufacture of the meat products.
There are few works related to use of the microorganism cultures to improve the raw meat
quality and extend its storage period. The issue of choice of the bacterial composition and
its influence on the contaminating microbiota development is still vita [14].

Therefore, the purpose of this work is selection of the lactic acid bacteria strains and
making the compositions suitable for bioprotection of the raw meat (having antagonistic
activity to the collection bacteria strains and those isolated from the raw meat).

Matherials and methods

We studied 8 collection lactic acid bacteria strains (Lactobacillus plantarum 12, 1005,
L. delbrueckii s/sp. lactis 013, L. acidophilus 147, L. gasseri 149, L. casei s/sp. tolerans
187 and 290, L. casei s/sp. rhamnosus 283); the lactic acid bacteria compositions made; the
indicator bacteria isolated from the raw material (Bacillus sp. 1, 2, 3 Kurthia sp.,
Planacoccus sp. 1, 2, Micrococcus sp. 1, 2, Sarcina sp., Staphylococcus sp.) and the
collection strains of saprophytic (Planacoccus citreus, Micrococcus luteus, Bacillus
subtilis, Bacillus cereus, Bacillus megaterium), opportunistic pathogenic (Staphylococcus
aureus, Escherichia coli, Proteus vulgaris) and pathogenic (Salmonella enteritidis)
bacteria.

To activate the lactic acid bacteria strains, inoculation to the liquid MRS medium
enriched with 5% glucose solution was carried out.

Resistance of the lactic acid bacteria and their compositions to salt was determined by
growth rate in the culture medium (MRS-broth) with introduction of sodium chloride at the
concentrations of 2.5; 5.0; 7.5 and 10.0%.

Growth rate at the low above-zero temperatures was measured at 0, 5, 10, 15, 20 and 25
°C for 14 days.

The antagonistic activity was determined by the well-diffusion method. As the
indicator bacteria strains, we used Bacillus sp. 1, 2, 3, Kurthia sp., Planacoccus sp. 1, 2,
Micrococcus sp. 1, 2, Sarcina sp., Staphylococcus sp., isolated from the raw meat and P.
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citreus, M. luteus, B. subtilis, B. cereus, B. megaterium, S. aureus, E. coli, P. vulgaris and
S. enteritidis as the collection ones. In the experiment, we used the daily broth cultures: the
lactic acid bacteria were grown in the MRS-broth, and the indicator bacteria — in a nutrient
broth. The results were taken in 24 hours by measuring the delay and growth inhibition
areas for the indicator microorganisms. When determining the antagonistic activity, only
the cases of complete indicator organism growth inhibition were taken into account. If the
size of a “no growth” area ranged from 10 mm to 20 mm, the degree of activity was
considered average, if it was greater than 20 mm — high.

Results and discussion

The biological methods to treat the raw meat for extending its storage life are based on
use of the bacterial starters consisting of the specially selected species and strains of
microorganisms, in particular, the lactic acid bacteria of Lactobacillus genus. In selection of
the lactic acid bacteria strains to make starters with a high biotechnological potential, their
value measures included: halotolerance, thermo-resistance and symbiotic nature of the
relationship between the cultures and antagonistic activity against the opportunistic
pathogenic and pathogenic microbiota [3, 9, 11].

In this connection, at the first stage of work we studied the resistance of 8 collection
lactic acid bacteria strains to salt and low above-zero temperatures. The results showed that
adding NaCl to the culture medium at the concentrations of 2.5 to 7.5% did not influence
the bacteria growth, and their growth rate was estimated as "exceptional". A 10.0% salt
concentration in the culture medium inhibited the growth of the strains under study. With
such NaCl content, only two strains (L. plantarum 12 and 1005) showed high growth rate
and two strains (L. delbrueckii s/sp. lactis 013 and L. casei s/sp. tolerans 290) — the average
one (Table 1).

Table 1
Resistance of the lactic acid bacteria to NaCl and temperature

Strain Growth rate at

10.0% of NaCl 5°C
L. plantarum 12 high high
L. delbrueckii s/sp. lactis 013 average high
L. acidophilus 147 average high
L. gasseri 149 low low
L. casei s/sp. tolerans 187 low high
L. casei s/sp. rhamnosus 283 low average
L. casei s/sp. tolerans 290 average high
L. plantarum 1005 high average

Similar studies with respect to the growth potency at the temperature ranged from 5 °C

to 25 °C showed that most significantly the lactic acid bacteria growth slowed at 5°C. The
obtained results are listed in Table 1 showing the growth rate of the selected strains at the
lowest of the above temperatures. Such strains as L. plantarum, L. delbrueckii s/sp. lactis
013, L. acidophilus 147, L. casei s/sp. tolerans 187 and 290 appeared to be thermo-
resistant.
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Determination of the lactic acid bacteria antagonistic properties showed that they were
active against both, the strains isolated from the raw meat and the collection ones. At that,
growth of some indicator bacteria was slowed down only, while that of others — completely
inhibited. Thus, all strains of the lactic acid bacteria studied only slowed down the growth
of Bacillus sp. 1, isolated from the raw meat, and the collection B. subtilis and B. cereus;
while the growth of Planacoccus sp. 2 (from meat), Micrococcus sp. 2 (from meat) and S.
enteritidis (from collection) was inhibited completely. It should be noted that size of the
“stasis” and “no growth” areas was different and depended both, from strain of the lactic
acid bacteria, and an indicator microorganism. The bacteria isolated from the raw meat and
the collection bacteria appeared to be most sensitive to the metabolites produced by the
three lactic acid bacteria strains: L. casei s/sp. tolerans 290, L. delbrueckii s/sp. lactis 013
and L. plantarum 12. The results of determination of the antagonistic activity of the lactic
acid bacteria are shown in Table 2.

Table 2
Antagonistic activity of the lactic acid bacteria strains

Size of delay and lack of growth areas of the indicator bacteria (mm)

isolated from raw meat

2 3 4 5 6 7 8 9 10

25" 26" 23%* 26%* 25% 35%* 27 24* 23%* 30%*

25" 28" 29% 30%* 24* 33* 28* 31* 30%* 40%*

Q|@|»>| Strain

25" 20% 28* 32% 20% 28* 28" 23%* 45% 41%*

collection

11 12 13 14 15 16 17 18 19

27* 40%* 25% 35%* 200 29% 23~ 260 30"

29% - 23* 27* - 24* 227 24 40*

w|w|»>| Strain

44* 34* 244 26* 217 28* 244 347 257

ek

Note: “*” — stasis; —no growth; “-” —no effect.

A — L. plantarum 12; B — L. delbrueckii s/sp. lactis 013; C — L. casei s/sp. tolerans 290.

1 — Bacillus sp. 1; 2 — Bacillus sp. 2; 3 — Bacillus sp. 3; 4 — Kurthia sp.; 5 — Planacoccus
sp. 1; 6 — Planacoccus sp. 2; 7 — Micrococcus sp. 1; 8 — Micrococcus sp. 2; 9 — Sarcina sp.,
10 — Staphylococcus sp.; 11 — Planacoccus citreus; 12 — Micrococcus luteus;

13 — Staphylococcus aureus; 14 — Escherichia coli; 15 — Proteus vulgaris; 16 — Salmonella
enteritidis; 17 — Bacillus subtilis; 18 — Bacillus cereus; 19 — Bacillus megaterium.

To estimate the antagonist activity of L. casei s/sp. tolerans 290, L. delbrueckii s/sp.
lactis 013 and L. plantarum 12 we considered only the cases of complete indicator
organism growth inhibition (lack of growth). As seen from the data in Table. 3, the lactic
acid bacteria strains isolated from the raw meat and the collection bacteria showed high
antagonistic activity, therewith, the size of the “no growth” areas for the indicator bacteria
growth was different (Table 3).
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Table 3
Antagonistic activity of the lactic acid bacteria strains
= Activity in relation to the indicator bacteria
'§ isolated from raw meat collection
A1 23456 [7[8]9 [10]mn][12]13[14][15[16]17[18] 19
A |DIDIHIHIH/H|D{HIH|H|H/H|H|H|/D|H|D|D|D
B |[ DI DI HIHH|H|H{H|H/H|H|-|H|H|-|H|D|D|H
C |[ D/AIHIH|A|H|D|HIH|H|H/H|D|H|/D|H|D|D|D

@

Note: “D” — stasis; “H” — high activity; “A” — average activity; “-” —no effect.

A — L. plantarum 12; B — L. delbrueckii s/sp. lactis 013; C — L. casei s/sp. tolerans 290.

1 — Bacillus sp. 1; 2 — Bacillus sp. 2; 3 — Bacillus sp. 3; 4 — Kurthia sp.; 5 — Planacoccus
sp. 1; 6 — Planacoccus sp. 2; 7 — Micrococcus sp. 1; 8 — Micrococcus sp. 2; 9 — Sarcina sp.,
10 — Staphylococcus sp.; 11 — Planacoccus citreus; 12 — Micrococcus luteus;

13 — Staphylococcus aureus; 14 — Escherichia coli; 15 — Proteus vulgaris; 16 — Salmonella
enteritidis; 17 — Bacillus subtilis; 18 — Bacillus cereus; 19 — Bacillus megaterium.

It is known that the starter multispecies are more active and resistant to the adverse
environmental factors compared to the starters, made on the basis of certain cultures [5, 12,
13]. Therefore, considering the obtained results, three strains of the lactic acid bacteria — L.
casei s / sp. tolerans 290, L. delbrueckii s / sp. lactis 013 and L. plantarum 12 — were
chosen to make compositions (starters).

One of the important criteria for combining individual species into a multispecies
starter is the compatibility of species and strains, i.e., first of all, they must not be reciprocal
antagonists. The research of the intrageneric antagonism of the selected lactic acid bacteria
showed no reciprocal growth inhibition.

So, to pursue further studies, we made 9 wvariants of the lactic acid bacteria
compositions consisting of two lactic acid bacteria one-to-one: (1 — L. plantarum 12 + L.
casei s/sp. tolerans 290; 2 — L. plantarum 12 + L. delbrueckii s/sp. lactis 013; 3 — L. casei
s/sp. tolerans 290 + L. delbrueckii s/sp. lactis 013) u 1:2 (4 — L. plantarum 12 + L. casei
s/sp. tolerans 290; 5 — L. plantarum 12 + L. delbrueckii s/sp. lactis 013; 6 — L. casei s/sp.
tolerans 290 + L. plantarum 12; 7 — L. delbrueckii s/sp. lactis 013 + L. plantarum 12; 8 — L.
casei s/sp. tolerans 290 + L. delbrueckii s/sp. lactis 013; 9 — L. delbrueckii s/sp. lactis 013 +
L. casei s/sp. tolerans 290) (Table 4).

Using starters in the meat industry, one shall take into account the temperature modes
of production and storage of the raw meat.

Study of the growth rate of the lactic acid bacteria compositions at the temperature
ranged from 0°C to 25°C showed that the effect of temperature on individual compositions
was similar (Table 5). It was noted that the temperature of 10°C and 15°C had no effect on
growth of the starters studied (growth rate was estimated as "very high"), at 5°C most
starters (samples No. 2, 3, 4, 5 and 9) were characterized by "average" growth and
development rate. Moreover, composition No. 7 consisting of L. delbrueckii s/sp. lactis 013
+ L. plantarum 12 at the ratio of 1:2 appeared to be so resistant to the above temperature,
that its growth was described as "exceptional".
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Table 4
Combinations of the lactic acid bacteria compositions
Strain Combinations
1:1 1:2
g U= E . g LR g o
£ |33 RS £ 2a RS
ERSEICTE £S2| S 3 8 £S2
= <IN S s8° | = g g I a°
X SIS S Q T 8 <2
~ ~ 8 o ~ ~ 8 -
L. plantarum 12 - +1:1 1:1 - 1:2 1:2
L. casei s/sp. tolerans 290 - - 1:1 1:2 - 1:2
L. delbrueckii s/sp. lactis 013 - - - 1:2 1:2 -

Using starters in the meat industry, one shall take into account the temperature modes
of production and storage of the raw meat.

Study of the growth rate of the lactic acid bacteria compositions at the temperature
ranged from 0°C to 25°C showed that the effect of temperature on individual compositions
was similar (Table 5). It was noted that the temperature of 10°C and 15°C had no effect on
growth of the starters studied (growth rate was estimated as "very high"), at 5°C most
starters (samples No. 2, 3, 4, 5 and 9) were characterized by "average" growth and
development rate. Moreover, composition No. 7 consisting of L. delbrueckii s/sp. lactis 013
+ L. plantarum 12 at the ratio of 1:2 appeared to be so resistant to the above temperature,
that its growth was described as "exceptional”.

Table 5
Growth rate of the lactic acid bacteria compositions at different temperatures

Number 0°C | 5°C [ 10°C | 15°C
of composition

1 + | A | A | At
2 + ++ | A |
3 + ++ | | A
4 + ++ | A |
5 + ++ | | A
6 + -+ | |
7 + | A | |
8 + -+ | |
9 + ++ | | A

Note: “++++” — exceptional growth rate, “+++” — high, “++” — average, “+” — low.

It should be noted that even at 0°C weak growth of all the lactic acid bacteria
compositions was observed. Comparing the results obtained in the study of the growth rate
at low above-zero temperatures of individual lactic acid bacteria strains (Table 1) and their
compositions (Table 5) one can assume that combinations of cultures in the starters
increases their thermo-resistance.

One of the most important criteria put forward both, to individual strains of the lactic
acid bacteria, and the starters, made of them, is the antagonistic activity [11]. Considering
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that the strains of L. casei s/sp. tolerans 290, L. delbrueckii s/sp. lactis 013 and L.
plantarum 12 taken individually were active antagonists to the indicator bacteria (both, the
collection and isolated from the raw meat) (Tables 2, 3), and in view of the existing
requirements, it was appropriate to determine whether the starter’s composition and the
ratio of the lactic acid bacteria in it influence the antagonistic properties. The results are
presented in Table 6.

Table 6
Antagonistic activity of the lactic acid bacteria compositions

Size of delay and lack of growth areas of the indicator bacteria (mm)

isolated from raw meat

Number of
composition

260 22% 30%* 31%* 21%* 30%* 22% 40%* 32% 34*

27 23%* 27* 31%* 28* 28* 27* 42% 31%* 39%*

25 21%* 29% 32% 25% 28* 29% 42% 34* 36*

25" 22% 32%* 30%* 25% 29% 25% 40%* 32% 36*

22" 16* 30%* 27* 26%* 38* 27* 39%* 32% 43*

260 21%* 26%* 29% 25% 26%* 26%* 34* 34* 43*

297 21%* 32% 30%* 27* 25% 27* 39%* 32%* 43*

24" 23%* 28* 30%* 25% 26%* 27* 33* 35%* 40%*

O[O I[N [N || [N —

260 21%* 30%* 31%* 27* 27* 27* 34* 34* 31%*

Size of delay and lack of growth areas of the indicator bacteria (mm)

s §
: E collection

D »n

£

5 E 11 12 13 14 15 16 17 18 19

Z S

1 34* 34* 21%* 27* - 24* 25% 24* 26*
2 40* 40* 26* 38* - 23%* 26" 21%* 29*
3 42%* 42%* 21%* 32% - 21%* 24 23%* 25%
4 40* 40* 23%* 30* - 22% 28* 24%* 23%*
5 40* 40* 25% 28* - 24%* 27N 28* 27*
6 37* 37* 23* 34* 24 25% 27N 23%* 24%*
7 42%* 42%* 26* 37* 23%* 29* 20 29* 27*
8 38* 38* 19* 26* 23%* 23%* 26" 25% 227
9 40* 40* 20* 24%* 197 23* 24 26" 24

ek

Note: “*” — stasis; —no growth; “-” —no effect.

1 — Bacillus sp. 1; 2 — Bacillus sp. 2; 3 — Bacillus sp. 3; 4 — Kurthia sp.; 5 —
Planacoccus sp. 1, 6 — Planacoccus sp. 2; 7 — Micrococcus sp. 1; 8 — Micrococcus sp. 2; 9
— Sarcina sp.; 10 — Staphylococcus sp.; 11 — Planacoccus citreus; 12 — Micrococcus luteus;
13 — Staphylococcus aureus; 14 — Escherichia coli; 15 — Proteus vulgaris; 16 — Salmonella
enteritidis; 17 — Bacillus subtilis; 18 — Bacillus cereus; 19 — Bacillus megaterium
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Growth of the bacteria isolated from meat (except for Bacillus sp. 1) was significantly
inhibited by metabolites. The size of the “no growth” areas for the indicator bacteria ranged
from 16 mm (determined for Bacillus sp. 2 under the effect of starter No. 5) to 43 mm
(determined for Staphylococcus sp. in the presence of starters No. 5, 6 and 7). The most
resistant strain was Bacillus sp. 1, the growth of which by all the starters was delayed only.

Table 7
Degree of antagonistic activity of the lactic acid bacteria compositions

Size of delay and lack of growth areas of the indicator bacteria (mm)

isolated from raw meat

s 5
5 E
28
£ &
5 E 1 2 3 4 5 6 7 8 9 10
]
1 D H H H H H H H H H
2 D H H H H H H H H H
3 D H H H H H H H H H
4 D H H H H H H H H H
5 D A H H H H H H H H
6 D H H H H H H H H H
7 D H H H H H H H H H
8 D H H H H H H H H H
9 D H H H H H H H H H

Size of delay and lack of growth areas of the indicator bacteria (mm)

— =

: £ collection

L ‘7

2 o

£ &

= g 11 12 13 14 15 16 17 18 19

Z 3
1 H H H H - H H H H
2 H H H H - H D H H
3 H H H H - H D H H
4 H H H H - H H H H
5 H H H H - H D H H
6 H H H H D H D H H
7 H H H H H H D H H
8 H H A H H H D H D
9 H H A H D H D D D

@

Note: “D” — stasis; “H” — high activity; “A” — average activity; “-” — no effect

1 — Bacillus sp. 1; 2 — Bacillus sp. 2; 3 — Bacillus sp. 3; 4 — Kurthia sp.; 5 — Planacoccus
sp. 1; 6 — Planacoccus sp. 2; T — Micrococcus sp. 1; 8 — Micrococcus sp. 2; 9 — Sarcina sp.;
10 — Staphylococcus sp.; 11 — Planacoccus citreus, 12 — Micrococcus luteus; 13 —
Staphylococcus aureus; 14 — Escherichia coli; 15 — Proteus vulgaris, 16 — Salmonella
enteritidis; 17 — Bacillus subtilis; 18 — Bacillus cereus; 19 — Bacillus megaterium.
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From the collection bacteria, the most sensitive to metabolites of the compositions were
the gram positive cocci P. citreus and M. luteus, the size of the “no growth” areas of which,
depending on the composition, ranged from 34 mm to 42 mm and from 28 mm to 40 mm,
respectively. The least exposed to the starter effect were olm (P. vulgaris), probably, due to
a short lag-phase of this microorganism, and hay bacillus (B. subtilis), may be due to
formation of resistance to the adverse conditions.

The most active was composition No. 7, in the presence of which the growth of almost
every indicator bacteria was inhibited completely, and its activity was rated as "high".

As can be seen from the data presented, the lactic acid bacteria compositions inhibited
the growth and development of the indicator bacteria. The degree of the antagonistic
activity of the compositions under study to most indicator organisms was high (Table 7),
while the sensitivity of individual, both the collection, and isolated from the raw meat
microorganisms, was determined by a specific starter.

Comparing the data obtained in studying the antagonistic activity of individual lactic
acid bacteria strains and their compositions, in most cases we observed an increased
activity of the latter, presumably, due to the synergy phenomenon, when the effect of the
metabolites produced by bacteria in the starters exceeds the effect of each taken
individually.

Thus, the results give evidence of promising starter use in the industry to extend the
storage life of the meat and meat products. With a view to industrial testing, composition
No. 7 has been selected, consisting of L. delbrueckii s/sp. lactis 013 + L. plantarum 12 at
the ratio of 1:2.

Conclusions

1. It is experimentally found that the strains of bacteria of Lactobacillus genus (L.
plantarum 12 and 1005, L. delbrueckii s/sp. lactis 013, L. acidophilus 147, L. gasseri
149, L. casei s/sp. tolerans 187 and 290, and L. casei s sp. rhamnosus 283) are halo-
and thermo-resistant, as well as antagonistically active against the bacteria isolated
from the raw meat and the collection bacteria.

2. The choice of L. plantarum 12, L. delbrueckii s/sp. lactis 013 and L. casei s/sp. tolerans
290 to make the lactic acid bacteria compositions is proved.

3. It is shown that the biotech activity of the lactic acid bacteria in the compositions
increased.

4. It is determined that the composition of L. delbrueckii s/sp. lactis 013 + L. plantarum
12 in the ratio of 1:2 is the most promising for testing in the industrial environment.
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Introduction. Biological hazards as priorities at the evaluating
degree of risk are caused by the presence of microorganisms in food
products.

Materials and methods. As objects of study common types of
fruits, vegetables and berries were used. Conventional
microbiological techniques such as mesophylic aerobic and optional
anaerobic bacteria were used, fungi and yeasts have been considered
by inoculation under beef-extract agar (MPA) and word agar,
respectively, coliforms was determined by inoculation in liquid
culture media, Bacillus cereus and Clostridium perfringens was
determined by ISO methods, the last with pre-treatment developed.

Results and discussion. Group  composition of  epiphytic
microorganisms, which contaminated widespread types of fruits,
vegetables, berries on indices of mesophylic aerobic and optionally-
anaerobic microorganisms, mold fungi, yeasts, coliforms (BGEC),
clostridia were studied. The considerable contamination of raw
materials by mesophylic bacilli from 1,8:10? to 7,6:10% CFU/g was
established. It was shown, that the main isolated morphotypes of
bacilli can be ascribed to of subtilis-licheniformis group. The
composition of vegetable raw materials microorganisms gives an
indication of both the possibility of epidemiological risk and product
high quality. Contrary to previous opinion about the dominance
among epiphytic microbiota of fungi, our in some cases showed pre-
printiat content of rod-shaped microorganisms. Grown and picked in
the same fruits of different varieties are distinguished in the
predominant species of fungi. The concentration of patulin,
depending on the degree of spoilage of fruits, was determined by
priority method which we have developed. A large number of soil
microorganisms, including Bacillus and Clostridium, are on the
surface of the plant material, especially root vegetables. According
to the studies, the probability of detecting dangerous to human
Clostridium perfringens on the leaves of green plants is up to 61%,
on vegetables — up to 39%. Subtilis-licheniformis microorganisms
are the dominant raw materials contaminants and prevail in the
composition of microbiota of product before sterilization. They were
also detected in the residual microbiota of finished canning. The
food poisoning agents were detected from plant raw materials among
isolated bacteria — Bacillus cereus and others. Bacillus cereus was
found in 6.2% of the investigated samples of fruits, 33% of samples
of carrot, 21% of samples of parsley, and up to 9.5% of the samples
of canned food.

Conclusions. High thermostability of spore- forming
microorganisms of raw materials, including the test-cultures, was
shown. This may account for their presence in canned products,
cause deterioration of the organoleptic properties of foods and toxic
effects on the human organism.
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Introduction

The document CAC/GL 21 by the Codex Alimentarius, other directive documents of
the EU (e.g. the report by the EU Commission «On the Strategy of the Microbiological
Criteria Choice for Food Products in the Food Legislation of the EU», the leading
document of the EU 2073 «On Microbiological Criteria for Foodstuffs»), and the leading
documents of Food Drug Administration (the USA), provide with the general
considerations concerning the principles of development and application of the
microbiological criteria for the different types of food products. The Codex Alimentarius
commission has developed the safety-control measures of food products, including
biological safety according to the document CAC/GL 69. Evaluation of food safety in
modern conditions is relevant throughout the world, including Ukraine. This is confirmed
by the documents cited, as well as the Law of Ukraine"On safety and quality of food" and
other government acts and regulations, modern conditions of food safety assessment and
food quality are particularly relevant.

Ukraine, by it's soil-climatic conditions, is similar to some foreign countries, thus the
presented investigation for Ukrainian regions may be topical for other countries. The
problem of safety as the most important characteristics of nutrition quality is becoming
increasingly important due to the increasing pollution of the environment. And that leads to
a permanent increase in the contamination of food raw materials and food products with
biological agents and chemicals that affect human health [1-3].

In the food industry a number of microorganisms is used to provide necessary
consumer properties of food or increase their shelf life. But the presence of certain other
microorganisms has to be strictly controlled and in the raw materials processing to ensure
restriction of their number, or the impossibility of their development. The latter include
pathogens of such nutritional diseases as food poisoning or food infection. The former are
caused by toxins of microorganisms developing in a food product, the later are infectious
diseases, in which the food product serves only as an intermediary in the transmission of
pathogens, claiming the lives of more than 1.8 million children each year. According to
statistical data of annual economic losses, due to diseases, caused by multiple pathogenic
microorganisms, constitutes up to 35 US billion dollars in the USA, in Australia to 2.6
billion Australian dollars, and social losses are irreplaceable [2, 4, 5].

Biological hazards as priorities at the evaluating degree of risk are caused by the
presence of such microorganisms in food products as helminthes and protozoa, and insects
(venomous or transmitting). The reason for rising of biological in nature dangers is a
modern fashion for consumption of raw or minimally processed foods culinary, increasing
the products proportion in diet, improperly cooked or stored for a long time, and the use of
new types of food raw materials, made possible by the expansion of international trade [6 —
10].

Currently the bacteria become a source of food poisoning and infections are in the
focus of attention of hygienists. These microorganisms are the kind Salmonella,
Clostridium botulinum, Clostridium perfringens, Staphylococcus aureus, Bacillus cereus,
Campilobacter jejuni, Yersinia enterocolitica and Yersinia pseudotuberculosis, Listeria
monocytogenes, Vibrio cholerae O and non-O-1, Vibrio parahaemolyticus, Vibrio
vulnificus genera and other representatives of the Vibrio, Shigella, Streptococcus genera,
Aeromonas hidrophila, Plesiomonas shigelloides, group of Gram-negative bacteria
Miscellaneous enterics, and Escherichia coli [10-13]. Such viruses as the Hepatitis (A and
E) virus, Rotavirus, Norvalk virus and others and parasites — helminthes and intestinal
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pathogenic protozoa, the source of which may be water, shellfish, sick animals and people
can also contribute their share of the risk of nutritional diseases.

Our own analytical review made it possible to investigate the morphological
characteristics and specific cultural features of the growth of these microbial contaminants
of food products on nutrient media. Given that the plant products, that are quantitatively
dominant in the human diet, the experimental study on the qualitative and quantitative
composition of the group of epiphytic microbiota group, the main most common types of
juicy vegetable raw materials was conducted.

Aim of the researches was a study of qualitative and quantitative composition of
microbial contaminants of vegetable raw materials and some products of its processing,
their features and potential danger for a consumer.

Materials and methods

As objects of study common types of fruits, vegetables and berries were used. We
studied the following species and varieties of vegetable raw materials: 4 apple varieties —
Renet Simirenko var. apples (Odesa's and Poltava's regions), Antonovka var. apples,
Jonatan var. apples and low-grade apples (Odesa’s region), 2 varieties of pears — Bergamot
var. pears and low-grade pears (Odesa's and Poltava's regions), 2 varieties of carrot —
Nantski var. carrot and low-grade carrot (Odesa's and Poltava's regions), raspberries
(Odesa’s and Poltava's regions), sweet pepper, green pea, lettuce var. Khutchiryavitz
Odesskiy, leaf parsley, cucumbers (Odesa’s region); raspberry with and without peduncles,
raspberries and strawberries of different maturity.

Conventional microbiological techniques were used: such as mesophylic aerobic and
optional anaerobic bacteria (MAFAnM) have been considered by inoculation under beef-
extract agar (BEA) ISO 4833-2:2013, fungi and yeasts was measured by wort agar ISO
13681:1995, ISO 21527-1:2008. Coliforms were determined by inoculation in liquid
culture media by ISO 16649-2:2001, ISO 21528-2:2004, and Bacillus cereus was
determined according to ISO 7932:2004. Clostridium perfringens have been considered by
ISO 7937:2004 and in accordance with the method developed from the sample of
microorganisms separated biomass primary cells by centrifugation at 1,500xg for 2 minutes
and the supernatant filtered through nitrocellulose membrane filters of 0.22 micron
diameter (Millipore) or 7,500xg centrifuged at for 10 minutes [14].

Results and discussion

Contaminants of fruits and vegetables were represented as typical and casual types of
microorganisms that fall out from the soil, water, rainfall, wind-blown, birds, rodents,
insects, and with the technological processing — also equipment, containers, vehicles, arms
and clothing of workers and other objects.

The main source of contamination of vegetable raw materials is the soil, in 1 g which
microbial quantity can range from 1 to 4 billion cells at a fairly high numbers of bacterial
spores from a few thousands to several millions.

The information about microbial contamination and most widespread types of
microorganisms in vegetable raw materials is given in Table 1.
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Table 1
Microbiological description of fruits and vegetables raw materials going into processing
and storage, (CFU/G)
Bacteria
T . . -
ype of raw materials | Mold fungi Yeasts mesoph)"llc coliforms
bacteria

The Renet Szrfﬂrenl.co var. 69 2.7-102 1.8-10° 7
apples (Odesa’s region)
The Renet Sszrenkq var. 1,1-10° 2.0-102 1,6-10° )
apples (Poltava's region)
The  Antonovka  var. 81 2,5-10° 3,9-10° 5
apples
The low-grade apples 101 3,2:10° 4,3-10° 15
The Bergamot var. pears 1,2:10° 3,5-10° 7,4-10 3
The low-grade pears 7,2-10° 5,0-10° 7,9-10 2
Sweet pepper 2,4:10° 9,8-10° 6,5-10° 4
Green pea 2,8-10° 8,7-10° 6,1-10° 6
The Nantski var. carrot 9,4-10* 3,2:10° 9,2:10’ 1,9-10°
The low-grade carrot 8,9-10 4,1-10° 7,6:10° 2,9-10°
Lettuce var. P 2 7
Khutchiryavitz Odesskiy 3,110 4,0-10 6,7:10 o1
Leaf parsley 5.8:10° 7,9-10° 9.4-10° 48
Cucumbers 1,8-10° 9,2:10° 1,4-10° 37

As it seen from the presented results, the dominating epiphytic microbiota group of
vegetables and fruits studied are the bacteria. On vegetables are commonly occurred
microorganisms of Bacillus, Paenibacillus, Lactobacillus, Micrococcus and Alcaligenes
genera, and also then molds, among which the most typical representatives are Penicillium,
Fusarium, Alternaria, Botrytis, Sclerotinia, Risoctonia. The surface of cucumbers, tomatoes
and leaf vegetables is also the habitation zone of lactobacilli.

The special interest presents the berry's raw materials, which have comparatively
delicate consistence, can cozily be traumatized, in consequence of which the epiphytic
microbiota begins more actively develop (Table 2).

The qualitative composition of vegetable raw materials microorganisms gives an
indication of both the possibility of epidemiological risk and product high quality. Contrary
to previous opinion about the dominance among epiphytic microbiota of fungi, our results
in some cases showed pre-printiat content of rod-shaped microorganisms.

Grown and picked in the same fruits of different varieties are distinguished in the
predominant species of fungi. For example, on the surface Antonovka variety apples there
are in average fungi of the such genera as Alternaria — 61%, Mucor — 10%, Fusarium —
9%, of other species — 20%. Whereas, the Rennet Simirenko variety apples have fungi of
the such genera as Penicillium (57%), Aspergillus (23%), other 20%, in average, the
Jonatan variety apples have Aspergillus fungi (58%) (Figure 1).
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Table 2
Microbiological description of berry raw materials going into processing and storage

Mold Bacteria
Type of raw materials fungi Yeasts mesoph)"llc coliforms
bacteria
The raspberry without peduncles, P i P
CFU/G 2,710 9,9-10 6,4-10 102
The raspberry with peduncles, 2 i 2
CFU/G 3,3-10 2,410 7,9-10 12
The raspberry of picking 10,6 86,2 3,2 0,09
maturity, %
The raspberries of technical 2,5 92,1 5,4 0,005
maturity, %
The raspberry of overmatured, % 1,7 96,3 2,0 0,001
The strawberry of technical | 1,8:10° | 4,3-10° 3,9-10° 35
maturity, CFU/G
The strawberry of technical 3,4 87,9 8,0 0,7
maturity, %
The strawberry of overmatured, % 5,3 90,3 4,2 0,2
Another
Another Penicillium 12%

57% Penicillium

Aspergillus
58%
Rennet Simirenko variety apples Jonatan variety apples

Figure 1. The group composition of fungi-epiphytes of apples

The comparative evaluation of contamination of raw materials from a variety of soil
and climatic regions of microorganisms is shown in Figure 2.
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The following fungi are capable of producing hazardous mycotoxins: Penicillium
patulum, Penicillium expansum, Penicillium urticae, Penicillium rugulosum, Aspergillus
clavatus, Aspergillus flavus, Aspergillus parasiticus, Fusarium solani, Fusarium nivale,

Fusarium

circinatum, etc. [5, 15, 16].

There are the methods for biological testing of toxic substances including the use of
Daphnia magna S. in a variety of objects known [7, 17, 18]. The following Table 3 presents
the results of patulin determination method which we have developed by using Daphnia
magna S. [7] in tomato samples.
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Figure 2. The microbial contaminants in raw materials:
1 — pears, Odesa’s region; 2 — carrot, Odesa’s region;
3 — strawberry, Odesa’s region; 4 — pears, Poltava's region;
5 — carrot, Poltava's region; 6 — strawberry, Poltava's region
Table 3
The influence degree fruits spoilage on patulin accumulation
Samples Approximate level of fruits destruction, Patulin concentration,
% from total square wkg
1 0 (without visible defects) 0,1
2 10 100
3 30 400
4 50 800
5 100 1800
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As a result of investigation of juicy vegetable raw materials, the comparative
numerical ratio of fungi, yeast, MAFAnM and coliforms as a part of epiphytic microflora of
apples, grapes, peppers, carrots, and strawberry were found. Compared with other fruits the
lowest number of microorganisms has been detected on the surface of apples. This can be
explained by the presence of waxy coating on the surface of apples, which prevents
microorganisms feeding. In some cases, the yeast on the surface of the berries dominates. A
large number of microbial cells distinguish vegetables from fruits and berries.

A large number of soil microorganisms, including Bacillus and Clostridium, are on the
surface of the plant material, especially root vegetables. According to the studies, the
probability of detecting dangerous to human Clostridium perfringens on the leaves of green
plants horse radish is up to 61%, on vegetables — up to 34%, based on the results of our
study — up to 39%.

Subtilis-licheniformis microorganisms are the dominant raw materials contaminants
and prevail in the composition of residual microbiota of product before sterilization. They
were also detected in the residual microbiota of finished canning. The presence of aerobic
bacillus does not always cause a significant change in the organoleptic properties of canned
products. In some countries Bacillus subtilis are used as probiotics.However, analysis of the
literature suggests the presence among them of microorganisms with toxigenic properties
even in acceptable residual canned microbiota, which may lead to reduced immunity and
cause various diseases in humans [19-21]. According to the information in Table 4, their
high thermal stability contributes to their survival after technological processing of raw
materials.

Table 4
Indices of the thermal stability of test organisms in phosphate buffer solution
Test organisms Tempera- Therr‘nal‘ stability
pH ture. °C indices

’ Dy oc_ min Z,°C

Clostridium botulinum 7,0 121,1 0,1...0,2 10,0

Clostridium sporogenes 7,0 121,1 0,6 10,0

Bacillus (Geobacillus) 7,0 121,1 2,0...5,0 12,0
stearothermophilus

Bacillus (Paenibacillus) polymyxa | 7,0 121,1 0,2 10,0

Bacillus (Paenibacillus) macerans 7,0 121,1 0,2 10,0

In experimental studies, aerobic spore-forming bacteria were isolated from 47 of the
most popular canned products. Among these ones there were low acid canned vegetables
(organic, and mixed, and puree). Pure cultures have been isolated from samples of sterile
canned products. By their morphological, tinctorial, cultural and biochemical properties
isolated microorganisms can be ascribed to subtilis-licheniformis group.

It should be noted that the food poisoning agents were detected from plant raw
materials among isolated bacteria — Bacillus cereus and others. Bacillus cereus was found
in 6.2% of the investigated samples of fruits, 33% of samples of carrot, 21% of samples of
parsley, and up to 9.5% of the samples of canned food.
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Conclusions

1. Group composition of epiphytic microbiota of different types of vegetable raw
materials (vegetables, fruits, and berries) has been studied. Dominance of spore-forming
rod-shaped organisms was detected in most samples.

2. Fungi have been found among the studied contaminants of vegetable raw materials
samples. The concentration of the mycotoxin patulin, depending on the degree of spoilage
fruits, was determined by the priority biological method developed by us.

3. High thermostability of spore-forming microorganisms of raw materials, including
the test-cultures, was shown. This may account for their presence in canned products, cause
deterioration of the organoleptic properties of foods and toxic effects on the human
organism.

4. Development of modern methods of accelerated microbial detection is updated by
abundance of microorganisms in the plant raw materials, and the duration and inaccurate
identification of certain types of traditional methods of microbiological tests.
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Introduction. Oils components embedded in the lipid
structure of the horny layer of the epidermis, changing the
properties of the epidermal barrier. The most important
characteristic of fatty vegetable oils that determines the
properties of cosmetic ingredient content is the esters of
fatty acids.

Materials and methods. The mixes of oils (coconut,
palm, almond, grape seed, olive, corn, sesame, wheat germ),
which fatty acid composition imitated the structure of cell
membranes were done by empirical method. It was made for
creating cosmetic fat phase composition. Detection of fatty
acids were carried out on the gas chromatograph production
Hewlett-Packard NR6890 by conventional method.

Results and discussion. Empirical selection of possible
mixtures of oils or mixtures of a particular calculation
algorithm from an existing set of known oil fatty acid
composition.The results of screening the fatty acid
composition of traditional cosmetic oils show that fatty
acids found in all known fats and oils, but their content
varies widely. The most balanced composition is peanuts,
wheat germ oil, olive, coconut, almond, palm and rapeseed
oil. However, the compound of any of the individual oils do
not meet the standards of cosmetology. Studied the
characteristic ratio of linoleic and oleic acids for normal
healthy skin is about 1:1,8, while for dry skin, it is about 1:
4,7. The most optimal in terms of the content of mono- and
poly unsaturated fatty acids is a composition comprising
coconut, sesame oil and wheat. Value linoleic (C18:2) and
oleic (C18:0) acids it is 1:8, which is adequate for normal
healthy skin, and the ratio of polyunsaturated linoleic (C18:
2) and alpha-linolenic (C18:3 ®-3) is close to the
biologically effective level and is perfect 1:11 to 1:10.

Conclusions. Such cosmetic base consists entirely of
natural plant oils and is designed for use in formulations and
fat emulsion cosmetic care dry irritated skin, its supply and
softening.
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Introduction

After applying the oils on the skin as part of cosmetic nature their effects on the lipid
barrier varies as the penetration into the deeper layers of the skin. First, spreading over the
surface of the skin, the oil forms a protective hydrophobic film that reduces evaporation
from the skin and prevents transepidermal water loss (TEWL). Oils consisting occlusive
film interact with hydrolipid barrier and gradually absorbed by the skin. This range of
physical and chemical interactions expanding their components embedded in the lipid
structure of the horny layer of the epidermis, changing the properties of the epidermal
barrier. Depending on the type and chemical composition of specific oils TEWL may
decrease or increase, changing the penetration barrier for other ingredients. Some
components of oils directly affect the properties of the lipid barrier, embedding in its
structure, others involve in the synthesis of the structural elements of the skin.

The most important characteristic of fatty vegetable oils that determines the properties
of cosmetic ingredient content is the esters of fatty acids (glycerol), called fatty acid
composition. The most common of fatty acids in vegetable oils are composed of saturated
palmitic (C16:0) and stearic (C18:0) acids, monounsaturated oleic acid (C18:1) and
polyunsaturated linoleic (C18: 2) acid. Particular interest are the fats that contain essential
fatty acids that are not synthesized in the body and must come from the outside: linoleic
(C18:2 ®-6), alpha-linolenic (C18:3 ®-3) and gamma-linolenic (18:3 ®-6) acid. These acids
are the starting material of metabolic reactions formation of prostaglandins, which can
regulate inflammatory responses of the skin. That is why the failure of these fatty acids, the
main of which is linoleic, the skin becomes irritated and prone to inflammation. We know
now that the deficiency of alpha-linolenic (family ®-3) acid skin becomes irritated and
prone to inflammation, while the lack of gamma-linolenic and arachidonic acid (Family o -
6) lipid layers that form the barrier layer, lose strength and easily broken. [1-3] Fatty acid
composition used in cosmetics as a separate ingredient or in natural glycerol lipids.

The aim of recearch was to create a fat phase composition of cosmetic products based
on native vegetable oils, fatty acid composition is imitated to the composition of cell
membranes, ensuring proper functioning and regeneration of the skin.

Materials and methods

The objects of study were chosen following oils: coconut, palm, almond, grape seed,
olive, corn, sesame, wheat germ and other traditionally used technologies in cosmetic
products. The subject of study were analysis of fatty acids called oils, their origin and
quality. Fatty acid composition was determined according by conventional method.
Detection of fatty acids were carried out on the gas chromatograph production Hewlett-
Packard NR6890 with flame ionization detector, injector S/S of dividing flows Sp2380
column, length 100 m, inner diameter 0.25 mm, 0.2 micron coating thickness.
Chromatography conditions: temperature 280 °C injector, dividing the flow of 100:1, the
temperature detector 290 °C. The column operates in the constant flow speed of 1.2 ml/min
helium carrier gas. Temperature gradient column thermostat is from 60 to 250 °C.

Results and discussion

Market offers mostly cosmetic additives preparations saturated fatty acids with a
concentration of 65 to 99%. The source of essential polyunsaturated acids are the vegetable
oils of natural origin. Cosmetic effect both synthetic and natural fatty acids appears the same
way and does not depend on the origin of the preparation. Cosmetic effects common fatty
acids are given in Table 1.
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Table 1

Cosmetic properties of fatty acids

Fatty acids

Symbolic
designation

Nomenclature
name
INCI

Cosmetic properties

C12:0

Lauric Acid

Lauric acid enhances the antimicrobial
properties of skin protective shell, has
antimicrobial and antibacterial properties,
negatively acts on a variety of pathogens,
bacteria, yeast, fungi and viruses. Used in the
manufacture of soaps, creams and other
cosmetics. Lauric acid content in the product
formulation of 99%.

C14:0

Myristic Acid

Mpyristic acid helps restore the protective
properties of the skin, has high sliding and
lubricating properties. It is used in cosmetics for
thickening and stabilizing emulsions, as well as
to enhance penetration into the skin of other
components. Myristic acid content in the product
formulation of 99%.

Cl16:0

Palmitic Acid

Palmitic acid and its derivatives are used as
structure-, emulsifier, emollient.

Palmitic acid content in the products of different
brands 98%, 99%.

C18:0

Stearic Acid

Stearic acid helps restore the protective
properties of the skin. Makes opaque mixture is
used as a thickener in the manufacture of solid
cosmetics. It is used in concentrations of 2—5%
for creams and lotions, and 25% for solid of
cosmetic products in the form flow. Stearic acid
content in the product formulation 92—96%.

C18:19c¢

Oleic acid

Oleic acid activates lipid metabolism, restoring
the barrier function epidermis and retains
moisture in the skin. Slows lipid. Foods
containing oleic acid, is well absorbed into the
skin, it increases the penetration of other active
components in the stratum corneum. Used in the
production of creams and other cosmetic
products. The content of oleic acid in the
products of different brands of 65%, 70%, 75%.

C16:0,
C18:0

Palmitic Acid,
Stearic Acid

Used for the production of liquid cream.
Blended products containing palmitic (55-60%)
and stearic (39-45%) acid.
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The composition and proportions of fatty acids (glycerol) that would ensure the most
positive effect of a particular cosmetic composition seems reasonable approach, which uses
glycerol those types that make up the lipid barrier of the skin in their natural composition,
characteristic of normal healthy skin. In particular, in [5], citing [Houtsmuller U.M.T., 1981
and M. Mao-Quing, 1993] showed that a mixture of lipids that form the basis of the lipid
barrier of the skin much more effectively supports the skin's ability volohoutrymuvalnu and
restores lipid bar ' Pierre at external injuries than any of the components of the mixture
separately. Moreover, the most effective influence mixes lipids observed in their natural
proportions typical of normal healthy skin, as opposed to a mixture of the same components
in sub-optimal proportions [6].

Biological activity of lipids can be based on two mechanisms: the biochemical reaction
of eicosanoids and interact with specific receptors. Biological activity of essential fatty
acids is the most thoroughly studied. In 1963 Morhauer N. and others first showed that
linolenic acid deficiency caused growth inhibition in rats and its supplement decreased the
signs of deficiency. In 1972, J. Polsrud and others found and A. Hansen and others in 1987
clarified that the lack of linolenic acid causes dermatitis in case of receipt of parenteral diet
free of fat. Polyene fatty acids having two or more unsaturated (double) bonds, found in
about 25 different fats, but the most important are three: linoleic, linolenic, arachidonic.
These acids can occur in the form of isomers: cis, cis-cis, trans and trans-trans isomers;
only cis-cis isomer has a physiological activity. Among the four groups of polyunsaturated
fatty acids (PUFASs) can isolate family linoleic acid (omega-6 or m-6) and linolenic acid
family (w0-3) (Table 2).

Table 2
Representatives of essential fatty acids families
Omega-3 Omega-6
a-linolenic C 18:3 Linolenic C 18:2
Oktadekatetraenoic C 18:4 v-linolenic C 18:3
Eykozatetraenoic C 20:4 Dihomo- y-linolenic C 20:3
Eicosapentaenoic C 20:5 Arachidonic C 20:4
Docosahexaenoic C 22:6 Dokozapentaenoic C 22:6

The first signs of deficiency of polyunsaturated fatty acids in the skin occur in a variety
of disorders in their intensity. According to the current level of knowledge, it appears that
representatives of ®-6 family are more important for the normal functioning of human skin.

The source of essential polyunsaturated acids is the vegetable oils of natural origin.
Cosmetic effects both synthetic and natural fatty acids appear the same way and do not
depend on the origin of the drug.

For many years, these groups are summarized called «vitamin F». Now the name of the
marketing considerations used in nutrition and cosmetics, but not in medicine. Linoleic and
linolenic acids are the only truly exogenous essential fatty acids that are not synthesized in
the body and must come from outside, mainly from food. Proved that the simultaneous
presence of both essential fatty acids is not necessary because in the body there is a
transition of some other acids. Since linoleic acid is formed as a result desaturative linolenic
acid. By elongation (increase in chain length) and desaturation of gamma-linolenic acid,
arachidonic acid can be obtained. This transition has been established by direct experiment
with tracer [7].
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In practice, empirical selection of possible mixtures of oils or mixtures of a particular
calculation algorithm from an existing set of known oil fatty acid composition [8-9]. Table
3 presents a comparative analysis of fatty acids, 23 kinds of natural plant oils, traditionally
used in the technology of fatty cosmetics.

Table 3
Fatty acids compounds of traditional cosmetic oils

Content of the main fatty acids, % Ri‘ltlﬂ c‘haracterllzmg the
Name of biological effectiveness
oil MNSFA: 1 ¢18:2: | C18:3:
MNSFA | PNSFA NSFA PNSFA: C1 8.' 1' C1 8.' 2'
NSFA ’ ’
Ideal lipid 33,3 33,3 33,3 1:1:1 1:1,8 1:10
Apricot 73,43 20,64 5,93 12:3,5:1 1:3,5 0:20
Amaranth 26,08 55,48 18,44 1,4:3:1 1:0,5 1:41
Peanut 48,50 33,30 18,20 2,7:1,8:1 1:14 0:33
Grape 19,88 | 68,60 11,52 1,7:6:1 1:03 | 1:115
seed
Pumpkin 21,66 58,54 19,80 1,1:3:1 1:0 1:417
Mustard 69,63 25,54 4,83 14,4:5,3:1 1:54 1:1
Walnut 16,84 74,96 8,20 2:9,1:1 1:0 1:5
Wheat 16,32 64,08 19,60 1:3,9:1,2 1:0,3 1:9
germ
Coffee 9,65 45,00 4535 1:4,7:4,7 1:0,2 1:33
Cedar 27,64 64,81 7,55 3,7:8,6:1 1:0,6 1:2
Si‘l’“““t 2,65 0,54 96,81 4,9:1:179 1:50 | 0:0,5
Hemp 14,90 74,34 10,76 1,4:6,9:1 1:0,2 1:3
Corn 27,87 61,07 11,06 2,5:5,5:1 1:0,5 1:500
Sesame 39,27 45,40 15,33 2,6:3:1 1:0,9 1:124
Flax 15,02 73,66 11,32 1,3:6,5:1 1:0,9 1:0,5
Almond 71,02 21,71 7,27 9,8:3:1 1:3,2 0:22
Sea
buckthorn 48,81 22,00 29,19 2,2:1:1,3 1:0,4 1:3
Olive oil 73,39 11,04 15,57 6,6:1:1,4 1:10,1 1:12
Palm oil 26,08 5,18 68,74 5:1:13,3 1:5,1 0:5
Ccamelina | 31,17 58,89 9,94 3,1:5,9:1 1:0,8 1:1
Rapeseed 65,32 27,82 6,86 9,5:4:1 1:3,2 1:2
Soybean 21,44 63,01 15,55 1,4:4:1 1:04 1:10
Sunflower 25,93 62,70 11,37 2,3:5,5:1 1:0,4 1:626

The results of screening the fatty acid composition of traditional cosmetic oils show
that fatty acids found in all known fats and oils, but their content varies widely. In
particular, palmitic C16:0 and stearic C18:0 acids found in all samples analyzed. Vegetable
oil, which at room temperature are in liquid form (i.e., all the oils studied, except coconut
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and palm) contain more palmitic acid than stearic. The most widely distributed in nature
monounsaturated fatty acid with one double bond. In rare unsaturated fat acids found in
much larger quantities than saturated constitute 80-90% of the total fatty acid compound.
Vegetable oils often contain unsaturated oleic C18:1 and 9c elaidic acid C18:1 9t fatty acids
with 18 carbon atoms and a much smaller quantities linoleic acid. About 70% oleic acid
containing oil from apricot pits and Almond, 58-59% of a mustard seed and rapeseed.
Linoleic C18:2 acid oils absent in stone — apricot, grape and almond. Among the vegetable
oils most linolenic acid C18:3 ®-3 contains linseed oil, its content is 55,53%; y-linolenic
acid found in pine 18,81% and 2,57% hemp oils [10]. The most balanced composition is
peanuts, wheat germ oil, olive, coconut, almond, palm and rapeseed oil. However, the
compound of any of the individual oils do not meet the standards of cosmetology.

Behavior of cosmetic oils on the skin is similar to sebum, primarily because of its
spreading and lubrication, resulting in the alignment of the upper layer of horny skin flakes.
In this case they act as emollients. However, due to the natural oils inherent biological
activity should take into account the nature of their interaction with lipid layers and effects
on lipid metabolism in the epidermis.

With a lack of polyunsaturated fatty acids or violating their optimal ratio of liquid
crystal membrane structures are replaced missing polyunsaturated acids to saturated or
monounsaturated, changing the viscosity of the cell membrane, and consequently disrupted
the normal functioning lipid barrier [11, 12, 17]. External manifestation of this change is to
increase transepidermal water loss, increased exfoliation of cells of the stratum corneum
and visible change in skin appearance.

Therefore, when compiling the optimum mix of triglycerides is crucial not only to the
presence of essential fatty acids, but is very significant and their relationships. In [4, 14, 15]
studied the characteristic ratio of linoleic and oleic acids for normal healthy skin is about 1:
1,8, while for dry skin, it is about 1:4,7. The authors Patent RU 2218324 recommend the
optimal ratio of linoleic and linolenic acids as 10:1, which is typical for normal healthy
skin. Group correlation of saturated, mono- and poly unsaturated fatty acid as a 1:1:1
submitted by the recommendations of the Institute of Nutrition [16, 17].

Note that in the most cases enough to carry out the selection of the most
physiologically active families glycerol, although some tasks may be necessary to consider
other groups glycerol.

With an arbitrary set of oils accounted linear combination coefficients determined by
the least squares method, given the above criteria. By calculation determined optimal
composition of mixtures of oils that meet the requirements of balanced fatty acid
composition (Table 4).

Table 4 presents a list of the oils compounds, the estimated composition of which is
close to the recommended standards. The most optimal in terms of the content of mono-
and poly unsaturated fatty acids is a composition comprising coconut, sesame oil and
wheat. Value linoleic (C18:2) and oleic (C18:0) acids it is 1:8, which is adequate for normal
healthy skin, and the ratio of polyunsaturated linoleic (C18:2) and alpha-linolenic (C18:3
®-3) is close to the biologically effective level and is perfect 1:11 to 1:10. Other developed
blends yield the composition, including the content of acid groups MNSFA:PNSFA:NSFA.

After applying the oils on the skin as part of cosmetic nature of their effects on the lipid
barrier varies as the penetration into the deeper layers of the skin.
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Main ratio of fatty acids in the invented fat compounds

Table 4

Content of the main fatty Ratio characterizing the biological
acids, % effectiveness
Name of sample MNSFA: . .
MNSFA | PNSFA | NSFA | PNSFA: %11%21 ((3-:115;3;
NSFA ’ ’
Optimum lipid 33,3 33,3 33,3 1:1:1 1:1,8 1:10
Compound of oils (1:1:1)

Coconut —Sesame = | 3 5 33,00 | 3550 | 1:1:1,1 1:1,8 1:11
Wheat germ
Coconut — Grape 2899 | 32,00 | 3901 | LLLL3 | 1:09 19
seed oil — Rapeseed
Coconut — Pumpkin | g 56 | g 6e | 4174 | 1:1:15 1:0,8 1:83
— Rapeseed
Coconut—Peanut = | 55 44 | 3500 | 41,66 | 1:1,6:1,8 | 1:08 1:6
Walnut
Coconut - 14,32 4540 | 40,28 | 1:3,1:2,8 1:0,3 1:6,6
Sunflower — Hemp
Coconut—Almond = | 3) 95 | 9565 | 4143 | 13:1:16 | 1:13 1:57
Amaranth
Coconut —
Grapeseed — Sea 23,54 30,08 46,38 1:1,3:2 1:3 1:15,8
buckthorn
Coconut — Cedar - 15,55 46,30 | 38,15 | 1:3:2,5 1:1 1:32
Walnut
Palm = Grape seed = | ) 55 4549 | 33,96 | 1:2,2:1,7 1:0,4 1:18
Wheat germ
Grape seed — Sea . . .
buckthormn — Peanut 38,67 40,89 20,44 1,9:2:1 1:0,8 1:98
Grape seed — Sea
buckthorn — 34,52 40,59 24,89 1,4:1,6:1 1:0,4 1:27
Sunflower

Some components of oils directly affect the properties of the lipid barrier, embedding

in its structure, others involved in the synthesis of the structural elements of the skin.

Since the 80s of XX century cosmetic affects PUFA described by two mechanisms.
Physico-chemical mechanism PUFAs as lipids with high saturation are not able to directly
influence the structure of intercellular substance of the horny layer. Additionally, PUFAs
have biological activity by metabolites — eicosanoids. In the works of Katarzyna Pytkowska
there is the third mechanism of PUFA: the ability to interact with receptors that are

activated peroxisomal prolyferatorom PPAR, hormonal levels.

Explanation PPAR

involvement in the physiology of the skin converts natural lipids and their derivatives in a
number of biologically active components of cosmetics.

——Ukrainian Food Journal. 2016. Volume 5. Issue 2 —

287




-Food technologies

Table 5

Cosmetic properties of oils elaborated compositions

Cosmetic Properties

Coconut oil is a hardened vegetable fat with a specific
smell; contains 50% lauric and 23% myristic acid which
act as emollients. It forms a protective film on the skin and
hair, perfectly softens the skin, as introduced in the
formulation of cosmetics for dry skin, protective
equipment for the skin and hair.

Sesame oil is exclusive agent in cosmetics to care for dry
skin damage, skin eyelids and child care, because it
contains 48% linoleic acid, which activates lipid
metabolism and restores the barrier function of the
epidermis. It is used mainly in nourishing creams and
masks for dry and damaged sensitive skin, massage
products and balms hair.

Wheat germ oil contains unsaponifiable fats, vitamins E,
A and phytosterols in high concentrations, and therefore
has unique regenerating and antioxidant properties. Widely
used in cosmetics for the care of dry sensitive skin,
maintains moisture balance of the epidermis. One of the
best oils for the skin of the eyelids and lip balms because
restores hydrolipid mantle, smoothes wrinkles,

relieves peeling and irritation. For use in pediatric
formulations of cosmetics.

Type of Oil

Trivial Nomenclature

Name name INCI
Coconut | Coconut Oil
Oil Refined
Sesame Sesame Oil
Oil Refined
Wheat- Wheat-Germ
Germ Oil Refined
0il

Conclusions

Behavior cosmetic oils on the skin similar to sebum, is primarily spreading and
lubrication, resulting in the alignment of the upper layer of horny skin flakes. In this case
they act as emollients. However, due to the natural oils inherent biological activity should
take into account the nature of their interaction with lipid layers and effects on lipid
metabolism in the epidermis. Advantage calculated formula is not only optimal ratio of
polyunsaturated acids both among themselves and with oleic acid, but the optimal balance
between saturated, mono and poly unsaturated acids. Developed compounds are consist of
natural vegetable oils for further using in fat and emulsion formulations of cosmetics to
care for dry irritated skin, its nutrition and suppleness, softness.
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Introduction. For formation of gluten-free pasta products of
corn meal that does not form gluten, the selection of a structure
forming substance, determining the way of its introduction and
dosage on the basis of the research of the rheological properties of
its solutions and impact on the quality of the goods are important.

Materials and methods. The rheological properties of colloid
gelatine solutions with the concentration of 0,50-1,25%, which
are prepared at the water temperature of 20 °C and 40 °C and the
swelling duration of 40 min and at 60 °C without the swelling are
examined. The viscosity of these solutions is determined by the
Reotest-2 viscometer at the temperature of 20 °C. According to the
data obtained, the rheological viscosity and fluidity curves are built
and the rheological properties of the solutions are calculated. The
impact of the forming substance solutions on the quality indicators
of pasta products is determined.

Results and discussion. At the gelatine swelling temperature
of 20 °C, the dynamic viscosity of the undistorted structure of the
colloid solution decreases from 59,10 Pa‘s to 21,89 Pa's as its
concentration increases from 0,50% to 1,25%, except for the
solution with the concentration of 1,00%, for which the viscosity
abnormality is noticed, and its viscosity is equal to 531,90 Pa-s.
The similar research carried out at swelling at the water
temperature of 40 °C showed that all colloid gelatine solutions are
pseudoplastic liquids (Px1 = 0) at the concentration of 0,50—1,25%
and have much lower dynamic viscosity for both the distorted and
undistorted structure and lower strength of the structural frame
than the same at the swelling temperature of 20 °C. For the sample
with the concentration of 0,75%, the viscosity abnormality is
noticed: at such concentration, the solution has the greatest
dynamic viscosity of the undistorted structure, the greatest
dynamic viscosity of distorted structure, 94,56 and 1,35 Pa's
respectively, the greatest value of mo-1,, 93,21 Pa's, and at the
same time, the greatest strength of 425,52 Pa of the formed
structural frame. The pasta products manufactured with the use of
such solutions are of the best quality. At the temperature of 60 °C,
the solutions have low viscosity and strength, thus forming weak
gels that do not provide the formation of a solid structural frame
and good quality of pasta products.

Conclusion. The gelatine dosage of 0,75-1,0% of the meal
mass and the parameters of its preparation for production such as
swelling in course of 40 min at the temperature of 40-20 °C
respectively, which provide the highest viscosity of gelatine
solutions of 94,6-531,9 Pa's and facilitate the derivation of
good-quality products, have been established.
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Introduction

Over the last twenty years, the assortment of products in the pasta industry has
narrowed dramatically. In particular, the products with enhanced nutritive value and those
intended for health improvement and dietary purpose virtually are not produced.

Meanwhile, the number of metabolic diseases involving protein substances such as
phenylketonuria and celiac disease among the population is growing. Prevention and
treatment of these diseases consist in a special diet. For patients with celiac disease,
products containing gluten are excluded from the food ration [13]. The food ration for the
patients is very limited, so the promising line of diversification of the dietary pasta products
assortment is production of gluten-free products [14, 15]. On the market of Ukraine, there
are an insignificant number of non-domestic products for celiac disease patients [12]. The
development of gluten-free pasta technology will facilitate providing the Ukraine's
population with high-quality domestic products.

The raw substance for production of gluten-free pasta products is the by-products
derived from corn, rice, buckwheat. The use of corn meal also provides an opportunity to
create new products with enhanced chemical composition by means of their enrichment
with the substances that are essential for the organism such as polyunsaturated fatty acids,
fibre, B-carotene, iron and so forth.

Owing to the fact that corn meal does not form gluten that is of technological
importance and is a principal structure forming substance in dough, the essential condition
for creation of the gluten-free pasta products is the use of structure forming substances that
may function in lieu of gluten.

Structure forming substances of various origins have different structure and therefore
manifest themselves in different ways in the process of production of food products. Protein
additives of both the plant and animal origins are used traditionally for enrichment of pasta
products. Protein products of animal origin have the most valuable and balanced amino acid
composition. References [1] include the information on the use of dry egg albumen and
gelatine for enhancement of the quality and increasing the biological value of pasta
products of wheat meal. It is expedient to examine the opportunity to use gelatine as a
structure forming substance for production of gluten-free products of corn meal. This
structure forming substance is a food product that is relatively cheap and widely presented
on the market.

Gelatine is a protein product obtained by acid and alkaline hydrolysis of the connective
tissues of the animal raw substance with the following extraction with hot water [2, 3, 6].
The key property of gelatine is the ability to form jelly in water solutions. This ability is
caused by the asymmetry of high-polymer chains that are formed by the gelatine solution
[5, 11]. The more the asymmetry, the easier is the formation of a reticulate spatial frame of
jelly, within the frame grid of which the water is contained.

There is a strict relation of solution viscosity, thickening and melting temperature with
the molecular mass of gelatine and size of high-polymer chains [3, 7]. The lesser the
molecular mass of gelatine, the lower the physical and chemical characteristics of its
solutions.

The research of rheological properties of gelatine solutions and their impact on the
quality of pasta products of corn meal will make it available to substantiate the parameters
for the technological process of pasta products manufacturing and explain the mechanism
of action of gelatine as a structure forming substance in dough.
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Materials and methods

The rheological characteristics of colloid gelatine solutions and their impact on the
quality of gluten-free pasta products have been examined. The corn meal of fine grinding
and fast-soluble food gelatine are used as basic raw substances for pasta products
manufacturing.

Colloid gelatine solutions are prepared with the concentration of 0,50-1,25% of the
portion of water intended for preparation of dough at the water temperature of 20 °C, 40 °C
and swelling duration of 40 min, and 60 °C without swelling. The remainder of the water
required for mixing is introduced directly into the dough at the temperature of 60 °C. The
gelatine dosage in the amount of 0,50—1,25% of the wheat mass is selected subject to the
manufacturers’ guidelines with regard to production of jelly products. The examination of
rheological characteristics of these solutions is performed with the Reotest-2 viscometer at
the temperature of 20 °C. The curves of system viscosity and fluidity are built according to
the results obtained. At the treatment of the curves, the following viscosity and strength
characteristics are calculated: dynamic viscosity of the undistorted structure (1o, Pa‘s),
dynamic viscosity of distorted structure (n, Pa-‘s), viscosity abnormality value (1o-Nm,
Pa-s), static limit of the system’s flowing ability, (Px1, Pa), dynamic limit of the system’s
flowing ability (Px2, Pa), strength of the structural frame formed (Pm, Pa), strength of
structural relations (Px1/Px2), range of stress (Pm/Pk1). The nature of the structure formed
(pseudoplastic fluid, structured solid-like body, Newtonian fluid, thixotropic solid-like
body, etc.) is determined according to the fluidity curves.

For examination of the impact of colloid gelatine solutions on the quality of pasta
products, the dough is mixed in the laboratory press MAKMA-M with the mass fraction of
moisture of 36%, the mixing duration is equal to 10 min. The pasta products are formed as
noodles, dried to the moisture of 13,0—13,5% at the room temperature.

The quality indicators of pasta products such as surface condition, colour, microcracks
availability, fracture condition, taste, smell, strength, acidity and cooking properties (mass
(Km) and volume gain (Kv) coefficients, transition of dry substances into cooking water)
are determined. The strength of the pasta is measured in Newtons (N).

Results and discussion

The experimental data analysis (Table 1) shows that, at the gelatine swelling
temperature of 20 °C, the dynamic viscosity of the undistorted structure of the colloid
solution decreases from 59,10 Pa-s to 21,89 Pa-s as its concentration increases from 0,50%
to 1,25%, except for the solution with the concentration of 1,00%, for which the viscosity
abnormality is noticed, and its viscosity is equal to 531,90 Pa's. The dynamic viscosity of
the distorted structure of these colloid solutions is much lesser, 0,72—6,23 Pa-s, and it grows
with the increase of gelatine concentration within the examined range.

Value Pk, shows that the colloid gelatine solution, at the concentration of 0,50%, is a
pseudoplastic fluid (Px; = 0), and a structured solid-like body at greater concentration (Pk
> 0). As the gelatine concentration within the examined range increases, the dynamic limit
of the system’s flowing ability significantly grows (from 166,97 Pa to 1899,04 Pa) and so
does the strength of the formed structural frame (from 236,40 Pa to 2364,00 Pa). Indicator
Pxk,/Px, characterising the strength of structural relations within the system is the highest for
the solution with the gelatine concentration of 1,00%, for which the viscosity abnormality is
noticed.
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Table 1
Rheological characteristics of the gelatine solutions with the concentration of 0,50-1,25% in relation to
the swelling (dissolution) temperature

o Rheological characteristics of colloid solutions
=}
=9 A &~ £ = = A & &
sx| & £ s o o of £ | &
at swelling at the water temperature of 20 °C
0,50 59,10 | 0,72 58,38 0,00 166,97 | 236,40 0,00 -
0,75 55,16 | 1,30 53,86 23,64 406,55 | 502,35 0,06 21,2
1,00 531,90 | 4,86 527,04 | 531,90 | 1023,33 | 1595,70 | 0,52 3,0
1,25 21,89 | 6,23 15,66 23,64 | 1899,04 | 2364,0 0,01 100,0
at swelling at the water temperature of 40 °C
0,50 7,88 | 0,68 7,20 0 81,21 165,48 0 -
0,75 94,56 | 1,36 93,20 0 299,04 425,52 0 -
1,00 7,88 | 0,68 7,20 0 51,94 141,84 0 -
1,25 1,09 | 0,24 0,85 0 6,510 65,01 0 -
at dissolution at the water temperature of 60 °C
0,50 0,16 0,09 0,07 0 10,0 24,3 0 -
0,75 0,26 0,14 0,12 0 12,5 35,2 0 -
1,00 0,31 0,19 0,12 0 30,0 55,5 0 -
1,25 0,54 0,49 0,05 0 25,0 75,7 0 -

Consequently, at the swelling temperature of 20 °C, the viscosity abnormality for the
gelatine solution takes place at its concentration of 1,00%, and the highest viscosity value
and quite high value of the system structure strength are achieved, which are determined by
the high strength of structural relations. It is likely that such rheological properties of the
solution of the structure forming substance may provide optimal structural and mechanical
characteristics of dough and high quality of products. It is known [5] that the best quality of
pasta products is achieved at the highest plasticity and strength of dough.

The similar research carried out at swelling at the water temperature of
40 °C showed that all colloid gelatine solutions are pseudoplastic liquids (Px; = 0) at the
concentration of 0,50—1,25% and have much lower dynamic viscosity for both the distorted
and undistorted structure and lower strength of the structural frame than the same at the
swelling temperature of 20 °C. At that, as the gelatine concentration increases, the dynamic
viscosity of the solution and the strength of the formed structural frame decreases for both
undistorted and distorted systems. It is evident that, at the temperature of 40 °C, the partial
dissolution of gelatine and decrease of the strength of structural relations take place, which
is evidenced by value Py,/Py,. However, for the sample with the concentration of 0,75%, the
viscosity abnormality is noticed: at such concentration, the solution has the greatest
dynamic viscosity of the undistorted structure, the greatest dynamic viscosity of distorted
structure, 94,56 and 1,35 Pa-s respectively, the greatest value of 1g-1m, 93,21 Pa-s, and, at
the same time, the greatest strength of 425,52 Pa of the formed structural frame.

Supposedly, the viscosity abnormality at the concentration of the solution of
0,75% may be explained by the fact that, at the water temperature of 35—40 °C, gelatines
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act as unordered spirals that may take the infinite number of unsteady configurations, as the
aggregation of the solution takes place at cooling. At the concentration of 1,00% and more,
depending on the gelatine quality and its pH, a colloid solution is formed, which is gel as
for its structure. Authors [4, 8, 9] consider the areas of gelatine chains which are rich of
pyrrolidine to be a centre of formation of possible connective zones, where the collagen-
like triple spiral is formed at the aggregation of these chains, which functions as the points
or zones of gel formation. These zones are stabilized with the hydrogen links within the
chain, which disintegrate at the temperature of 35-40 °C due to the thermolability at the
concentration of gelatine of 1,00% and more, which causes the melting of gel. It is evident
that, at the concentration of the colloid gelatine solution of 0,75%, gel does not melt yet and
to a greatest extent manifests the properties of a structure forming substance.

For the fast-soluble gelatine, it is recommended by the manufacturer that the
dissolution temperature be 60 °C, therefore the solution is not held at such temperature for
swelling. The relation of the dynamic viscosity of the solution with the shear stress is given
in Figure 1, and Table 1 data shows almost complete dissolution of gelatine: the dynamic
viscosity of undistorted and distorted structure is very low and slightly changes as the
concentration of the solution increases, and it is equal to 9 — 0,16-0,54, n, — 0,05-0,12
Pa-s respectively. The solutions are pseudoplastic liquids, which are characterised by the
low strength of the structural frame and structural relations.

As it is known [4, 10], in the gelatine gel held at a high temperature, a few collagen-
like chains are formed and the remainder of each polypeptide chain interrupts the order,
which entails the formation of weak gels. It is evident that the weak gels formed cannot
fully prove to be structure-forming substances for pasta products.

0,30 —
0,25 -
0,20 —
015 _ \

0,10

Fig. 1. Curves of the dynamic viscosity relation of the colloid gelatine solution at the water
temperature of 60 °C (1) with the shear stress (P):
1-¢=0,5%;2 - ¢=0,75%; 3 — ¢=1,00%; 4 — c=1,25%
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The results of the analysis of the quality indicators of the products manufactured with
the use of the gelatine solution obtained at the swelling temperature of 20 °C are presented

in Table 2.

Table 2

Quality indicators of gluten-free pasta products of corn meal with the gelatine solution

prepared at the water temperature of 20 °C

Indicators

Products with gelatine dosage%o

0,50

| 0,75

1,00 1,25

Organoleptic indicators

Surface rough | slightly rough | smooth | slightly rough
Colour creamy light yellow
Fracture mealy slightly glassy

mealy
Microcracks availability solitary absent

Smell

peculiar to corn meal

Taste peculiar to corn meal

Physical and chemical indicators
Acidity, degrees 3,4 3,2 3,4 3,4
Strength, N 5,8 5,9 6,9 6,3

Cooking properties

Form preservation lost retained, products do not stick together
Mass gain coefficient, Km 1,7 1,7 1,8 1,6
Volume gain coefficient, Kv 1,6 1,8 1,8 1,7
Transition of dry substances
into cooking water, % of DS 28,5 232 21,1 22,8

It is established that the quality of products as for organoleptic indicators, strength and
cooking properties improves as the dosage of gelatine increases. All samples, except for the
products with the use of 0,50% of gelatine, have acceptable quality, however, the sample of
pasta products of corn meal with the gelatine dosage of 1.00% is of the best quality. In
terms of its organoleptic quality properties, this sample is distinguished from others by its
light yellow colour, smooth surface, glassy fracture, high strength of 6,9 N and the lowest
transition of dry substances into cooking water, 21,1% of dry substances. This particular
dosage provides the highest rheological characteristics of the solution. Gaining the dosage
over 1,00% also provides relatively good product quality, but it is still lower.

The quality indicators of gluten-free corn meal pasta products manufactured with the
use of the colloid gelatine solution at the swelling temperature of 40 °C are presented in
Table 3.

The data obtained shows that, at such temperature of gelatine preparation for
production, the product quality is slightly lower compared to the use of the solution
obtained at the swelling temperature of 20 °C, except for the sample with the gelatine
dosage of 0,50%. The product strength, transition of dry substances into cooking water and
the coefficients of mass and volume gain at the time of boiling are reduced. However, the
best product quality is achieved at the dosage of 0,75%. This sample has the light yellow
colour, slightly rough surface, glassy fracture, a bit higher strength, 4,8 N, and the lowest

——Ukrainian Food Journal. 2016. Volume 5. Issue 2 —

295




-Food technologies

percentage of transition of dry substances into cooking water, 22,2% of dry substances. At
this particular dosage of the solution, the viscosity abnormality of the colloid solution and
the highest values of viscosity and strength of its structural frame are noticed.

Table 3
Quality indicators of gluten-free corn meal pasta products with the colloid gelatine solution at
the water temperature of 40 °C

Products with the dosage of gelatine, %
Indicators 050 | 075 | 1,00 | 125
Organoleptic indicators
Surface rough smooth slightly
rough
Colour creamy light yellow
Fracture mealy glassy slightly mealy | glassy
Microcracks availability available absent solitary
Taste peculiar to corn meal
Physical and chemical characteristics
Acidity, degrees 2,8 2,6 2,8 3
Strength, N 4,3 4.8 4,6 4,5
Cooking properties

Form preservation retained, products do not stick together
Mass gain coefficient, Km 1,5 1,6 1,7 1,6
Volume gain coefficient, Kv 1,6 1,7 1,7 1,7
Transition of dry substances into
cooking water, % of DS 24,3 22,2 23,6 23,6

The quality indicators of the gluten-free corn meal pasta products manufactured with
the use of the gelatine solution obtained at the water temperature of 60 °C are presented in
Table 4.

It has been established that, in this case, the quality of pasta products as for the
indicators of glassiness and strength is almost on par with such of the products
manufactured with the use of the gelatine solution obtained at the swelling temperature of
40 °C. However, in terms of the cooking properties such as transition of dry substances into
cooking water, product mass and volume gain coefficients, they are much worse and have
unacceptable quality as for the indicator of transition of dry substances into cooking water,
nearly 25% of DR and higher.

Consequently, basing on the results of the examination of the rheological
characteristics of colloid gelatine solutions with the concentration of 0,50—1,25% at the
water temperature of 20 °C, 40 °C and 60 °C, it has been proven that the best quality of
pasta products of corn meal is achieved at the gelatine dosage of 0,75—1,00% of the mass of
meal and the parameters of its preparation for production such as swelling in course of 40
min at the temperature of 40-20 °C respectively, which provide the highest viscosity of
gelatine solutions, 94,6-531,9 Pa's. The pasta product quality deteriorates as the solution
viscosity decreases.
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Table 4
Quality indicators of gluten-free corn meal pasta products with the colloid gelatine solution
at the water temperature of 60 °C

Products with the dosage of gelatine, %
Indicators 0,50 | 0,75 | 1,00 | 1,25
Organoleptic indicators
Surface rough slightly rough | smooth  [slightly rough
Colour creamy light yellow
Fracture glassy
Microcracks availability solitary | absent
Taste peculiar to corn meal
Colour peculiar to corn meal
Physical and chemical characteristics
Acidity, degrees 3,2 3 3,2 34
Strength, N 4,2 4,4 4,5 4,6
Cooking properties

Form preservation retained, products do not stick together
Mass gain coefficient, Km 1,6 1,5 1,5 1,5
Volume gain coefficient, Kv 1,7 1,7 1,6 1,7
Transition of dry substances
into cooking water, % of DS 28,8 25,9 245 24,8

Conclusions

Basing on the conducted research, the structure forming ability of gelatine and
feasibility of its use for the formation of gluten-free pasta products of corn meal that does
not contain gluten has been proven.

It has been established that the viscosity of gelatine solutions is reduced with an
increase in the swelling temperature up to 40 °C by virtue of partial dissolution of gelatine,
and that their viscosity is significantly reduced at the water temperature of 60 °C.

It has been established that, at the gelatine swelling temperature of 20 °C, the viscosity
abnormality of the solutions with the concentration of 1,00% takes place, and that is the
case at the temperature of 40 °C with the concentration of 0,75%. The viscosity of these
solutions is equal to 531,9 Pa-s and 94,56 Pa-s respectively.

It has been established that the best quality of the pasta products of corn meal is
achieved with adding 1,00% of gelatine to the meal mass in a form of a colloid solution at
the water temperature of 20 °C. At the temperature of 40 °C, the pasta products with the
dosage of gelatine of 0,75% are of the best quality. At the temperature of 60 °C, the
dissolution of gelatine takes place, and there are weak gels formed, which cannot prove to
be structure forming substances.

Upon the rheological research results, the optimal viscosity range of the colloid
gelatine solutions has been initially established for production of gluten-free corn meal
pasta products of good quality, and it is 94,6 up to 531,9 Pa-s.
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Introduction. To purpose of study — to investigate the
microbiological properties of wild and cultivated mussels and
stuffed mussels sold by restaurants and street vendor in August
and September.

Materials and methods. In total 68 mussel (Mytilus
galloprovincialis L. 1819) and stuffed mussel samples were
investigated by using total aerobic mesophilic bacteria, total
Coliform bacteria, Escherichia coli and Vibrio spp. were
performed by standard procedures. The sampling was carried
out aseptically for the microbiological analysis. All of the
microbiological analyses were conducted in triplicate.

Results and discussion. The initial total aerobic
mesophilic bacteria, total Coliform bacteria, E. coli counts of
wild and cultivated mussels in August were 4.04 Log CFU/g
and 3.55 Log CFU/g, 3.69 Log CFU/g and 3.09 Log CFU/g,
0.59 Log CFU/g and 0.39 Log CFU/g respectively. Total
bacteria, total coliform and Vibrio spp. numbers of wild
mussels were higher than cultivated mussels (p<0.05). Vibrio
spp. were not found associated with cultivated mussels.

The number of total aerobic mesophilic bacteria, total
Coliform bacteria and E. coli in stuffed mussels sold by street
vendors were determined higher than that found associated
with stuffed mussels sold in restaurant (p<0.05) in August. In
September, E. coli were not detected in stuffed mussels sold
by restaurants, and street vendor. No stuffed mussel samples
exceeded an acceptable limit value (6 Log CFU/g) for aerobic
plate count in the months of August and September. In stuffed
mussels Vibrio spp. were found except for stuffed mussels sold
by street vendor in September.

The stuffed mussels were made from wild mussels and the
aerobic mesophilic bacteria, total Coliform bacteria and E.coli
numbers of them were more than wild mussel.

Conclusion. E. coli were not found in stuffed mussels sold
in restaurant in both two months, whereas Vibrio spp. were
detected in twenty seven of total forty eight stuffed mussel
samples collected from street vendors and restaurant.
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Introduction

The Mediterranean mussel, Mytilus galloprovincialis (Lamarck), is a bivalve and it
occurs naturally in Black Sea coast and the other coast of Turkey. In 2012, 2093.4 tons of
M. galloprovincialis were caught in Turkey and around 92% of it was in Western Black Sea
region [1]. Especially in Sinop region, collecting and consumption of wild mussel are
developed. Mussel’s edible portion contains approximately 80% water, 9—13% protein, 0—
2% fat and 1-7% glycogen depending on the season, feeding, maturity and water
temperature [2]. Moreover, Mediterranean mussel (M. galloprovincialis) harvested from the
Black Sea coast contains about 82.99-86.06% moisture, 10.24-10.30% protein, 1.49—
1.14% fat and 1.14-0.95% ash [3, 4].

M. galloprovincialis present along the national coast and consumer appreciate it
because of its organoleptic properties; it is retained also after processing, and for the
competitive price if compared with other bivalves [5]. In our country, the mussels are
generally exported. In addition, they are widely consumed as fried in some restaurants. In
addition, some of them are canned or frozen [6].

Street food is defined as “ready-to-eat foods and beverages prepared and/or sold by
street vendors and hawkers, especially in the street or other similar public places” by FAO
[7]. The most popular local street foods in Turkey are meat and chicken doner, bagel,
stuffed mussel, fried mussel, ice cream, fish bread, raw meatballs. Stuffed mussel is a
delicious traditional food like an appetizer especially in coastal areas in Turkey. Generally,
street vendors sell stuffed mussel so that it is called as a street food. Stuffed mussels along
the Sinop coast are generally sold in August and September by street vendors and
restaurants.

Kisla and Uzgiin [8] defined stuffed mussel produced in Turkey as “mussel shells are
cleaned with water by scraping with a knife, and any beards are removed; mixture is
prepared with rice, vegetable oil, salt, and spices; mixture is stuffed into each shell included
mussel flesh, and shells are closed tightly before cooking by steaming; vegetable oil is
sprayed on the shells of stuffed mussels because of bright surface”.

The microbial load of seafood after collecting is closely related to environmental
conditions such as; water temperature, salt content, distance between localization of
collected and polluted areas (human and animal feces), natural occurrence of bacteria in
water, methods of harvest, handling, storage practices and chilling factors [9, 10].

Most food vendors ignore of good food handling practices, exposing foods to
dangerous conditions such as unsuitable conditions, unsafe storage and poor time-
temperature conditions, so that it can cause food poisoning. In Selangor-Malaysia in 1993,
two cholera outbreaks were linked to street food [11, 12]. Ready-to-eat foods such as
stuffed mussels sold in the open areas without any precautions could be a major cause of
food-poisoning and foodborne diseases [13].

The purpose of this study was to examine; a) the microbiological quality differences of
wild and culture Mediterranean mussel (M. galloprovincialis) collected from Sinop region,
and b) the microbiological qualities of stuffed mussel sold by street vendors and restaurants
in Sinop.

Materials and methods

Materials. Mediterranean mussels (n= 20; 10 wild, 10 cultivated) (Figure 1) were
collected from Black Sea and transported within half an hour to the laboratory on August.
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Cultured mussels were collected in submerged long line mussel culture system in offshore
in Black Sea.

Fig 1. Wild (left) and cultivated (right) mussels (Photos: D. Kocatepe)

Stuffed mussels (n=48) were sold in the afternoon (roughly 5:00 p.m.) from street
vendors and restaurants in August and September. The stuffed mussels investigated in this
study were produced from wild mussels. Products were prepared in the morning and they
were put up for sale throughout the day on the bench by street vendors but they are kept at
cold and offered for sale at bench gradually at the restaurant.

Methods. In the sampling days, the mean of weather temperature in August and
September were 28°C and 24°C, respectively.

The sampling was carried out aseptically for the microbiological analysis. Each mussel
meat and stuffing mixture was removed from the shells, mixed, and a 10-g portion
transferred into 90 ml of sterile 0.1% peptone water containing 3% NaCl except from
Vibrio spp. analysis. The sample was homogenized for 2 min and serially diluted as needed
for plating. The following media and incubation condition were used. Total mesophilic
aerobic bacteria (TMAB) were determining using Plate count agar (PCA, Merck code:
105463.0500) after incubation for 2 day at 30°C. Total coliform bacteria (TCB) were
enumerated on violet red bile agar (Merck 1.15525, Lancashire, UK) by the double-layer
pour plate method and incubated at 35°C for 24h [14]. For E. coli bacteria used violet red
bile+Mug agar (Merck 1.4030, Lancashire, UK) and incubated at 37°C for 18h. Colonies
with blue fluorescence under UV light were counted [15].

To determine Vibrio spp.; 25 grams of homogenized sample mixture were transferred
into sterile bottles. Then 225 ml of alkali-peptone water (Merck 1.01800, Lancashire, UK)
was added and incubated at 35-37 °C for 8 h. Then a loop full enrichment broth was streak
plated onto thiosulfate—citrate—bile salt sucrose agar (Merck 1.10263, Lancashire, UK) and
plates incubated at the same temperature for 24 h [15, 16]. After incubation, gram-stained
and tested for oxidase activity and ability to ferment glucose (using modified Hugh
Leifson’s medium including 26g NaCl g/L [8]. The results were given as the number of
positive samples.

All of the microbiological analyses were conducted in triplicate. Microbiological data
were transformed into logarithms of the number of colony-forming units (CFU g™).

Microsoft Excel (Microsoft Corp., Redmond, WA) and Minitab Release 13.20
(Minitab, Inc., State College, PA) evaluated statistical analysis. One-way variance analysis
used for statistical evaluation of data [18].
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Results and discussion

The results of microbial analysis of wild and cultivated mussels at Black Sea are shown
in Table 1. Mussels pump large quantities of water through their bodies, so they accumulate
the toxic substances and microorganisms present in ambient water [19].

Table 1
The microbial flora of wild mussels and cultivated mussels in Sinop,
south of Black sea

[

E
-
£ Product T(“ng‘B TCB E. coli Vibrio
S 2 CFUgg") (Log CFUg") | (Log CFUg™") spp.*

5]

=

30 Wild mussels 4.04 +0.03° 3.69+0.02% 0.59+0.24° 10(10)

53,

< | Cultivated mussels | 3.55+0.02° 3.09+40.02° |  0.39+0.21* | - (10)°
Note:

TMAB: Total aerobic mesophilic bacteria. TCB: Total Coliform bacteria.

* Values in parentheses are number of samples; values outside of parentheses are number
of positive samples.

a, b, ¢ (|): Means in the same column with the same letter do not differ at the level of 0.05
significance.

“-“Not detected.

The initial TMAB counts of wild and cultivated mussels in August were 4.04 Log
CFU/g and 3.55 Log CFU/g, respectively (Table 1). TMAB and TCB numbers of cultivated
mussels were lower than wild mussel (p<0.05). While the Vibrio spp. was detected in 100%
of wild mussels, Vibrio spp. were not found in none of cultivated mussel samples. The
differences between wild and cultivated mussels were statistically significant (p<0.05).
Caglak et al. [18] and Ulusoy [20] reported that the number of total viable bacteria of
mussels (M. galloprovincialis) on day harvesting were 3.25 Log CFU/g, 2.34 Log CFU/g,
respectively. The total bacteria, Coliform and V. parahaemolyticus counts of mussels
collected from three different stations on the coast of Trabzon in Black Sea during a year
were maximum 5.62, 4.77, 3.47 Log CFU/g, respectively [21]. According to the results,
cultivated mussels contained less microorganisms than wild mussels. The microbiological
properties of water may affect the microbial flora of mussels. Microbiological load of wild
mussels caught in coast of Sinop is higher than mussels harvested from the cultivating
system in the open sea area, because of sewage, shipyards and garbage.

The microbiological results of stuffed mussels were sold by street vendors and
restaurant in Sinop coast of Turkey are shown in Table 2.
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Table 2
The microbial flora of stuffed mussels sold by street vendors and restaurant

TMAB TCB E. coli Vibrio

Product (log CFUg™") | (log CFUg™") | (log CFUg™) spp.*

Month
Temperature

Stuffed mussels sold

by street vendor 5.35+0.07 4.14+0.01 1.17+0.39 13 (16)

August
28°C

Stuflfed mussels sold 5 020,024 3312002 _ bA 8 (16)*

y restaurant

5 Stuffed mussels sold / / / /

g O by street vendor

8%

§; A Stuflfed mussels sold |, o 0 1a 3.08+0.018 A 6 (16)"
y restaurant

TMAB: Total aerobic mesophilic bacteria. TCB: Total Coliform bacteria.

“/”. Sample was not found.

*Values in parentheses are number of samples; values outside of parentheses are number of
positive samples.

a, b, ¢ (|): For the two groups, means in the same column with the same letter do not
differ significantly at the level of 0.05 significance on August

A, B (|): For the stuffed mussels sold by restaurant, means in the same column with the
same letter do not differ significantly at the level of 0.05 significance on August and
September.

“-“Not detected

Stuffed mussels are prepared from wild mussels collected from the coastal areas and
then sold from different sale points like restaurants, street vendors, and cafes. No stuffed
mussel samples exceeded an acceptable limit value (6 Log CFU/g) for aerobic plate count
indicated by TGK [22]. In this study; the numbers of TMAB, TCB and E. coli in stuffed
mussels sold in street vendors were higher than stuffed mussels sold by restaurants (p<0.05)
in August. Kok et al. [19] reported that the microbiological analysis of stuffed mussel
samples showed that the TMAB were ranging between <2 and 6.44 log CFU/g in Aydin
and Izmir, Turkey.

Maximum acceptable E. coli number for prepared foods (like snacks) and meat
products (cooked) is <10 CFU/g [23]. Stuffed mussels were sold by street vendor in August
exceeded this limit value. Whereas, E. coli were not detected in stuffed mussels sold by
restaurant during August and September. Ates et al. [13] emphasized in their study that
76.6% samples of stuffed mussel were unacceptable.

Comparing the samples collected from restaurant (it was kept at cold and offered for
sale at bench gradually) and street vendors; the stuffed mussels sold in restaurant had lower
bacteria than the other had. Hampikyan et al. [24] reported that the total viable bacteria,
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Coliform and E. coli counts of stuffed mussels sold in Istanbul were maximum 2.3x10’,
5.8x10° 4.0x10' CFU/g, respectively. According to the studies, the number of bacteria
detected from stuffed mussels in Sinop was lower than that sold in Istanbul. There was no
differences (p>0.05) in point of positive sample numbers of Vibrio spp. between the stuffed
mussels sold in street and restaurant in August. In September, there could not be found
sample from street vendors. TMAB, E. coli, Vibrio spp. in the stuffed mussel sold in
restaurant in August and September were similar (p>0.05), meanwhile; number of 7CB in
September significantly decreased (p<0.05). This may be because of weather temperature.

Total number of bacteria in mussels can be consumed, it should not have been out of 5
billion/g [25]. The total number of mesophyll bacteria of the wild mussels, cultivated
mussels and stuffed mussels in Sinop did not exceed consumable limit. Whereas Vibrio
spp. were determined in stuffed mussels, therefore the importance of hygiene during
processing and initial microbial load of raw mussels must be emphasized. The similarly as
our results, Kok et al. [19] indicated that stuffed mussels might constitute a potential health
hazard, especially when kept at high ambient temperatures, depending on contamination
level and lack of sanitary practices, and therefore, handling practices should require more
attention and improvement.

Conclusion

Mussels filter the water for feeding, therefore; they also take the unwanted substance
(industrial waste, petrol compounds, heavy metals, agricultural waste, sewage, pathogenic
microorganisms) from the area. Microbial loads of wild mussels show an alteration in
cultivated mussels. In our study; microbiological loads of wild mussels obtained from the
coast of Sinop and cultivated mussels were compared. Microbiological loads of cultivated
mussels were found lower than wild mussels. Consuming of raw mussels collected from
sea and stuffed mussels prepared from wild mussels may be dangerous for public health
because of especially Vibrio spp. number. It can be said that using of cultivated mussels for
stuffing is more appropriate than wild mussel. However, we can safely consume or use the
mussels collected from the clean sea/water in terms of microbiological.

References

1. Tuik (2013), available at:
http://rapor.tuik.gov.tr/reports/rwservlet?hayvancilik=&report=BALRAPOR3 .RDF&p yill
=2012&p mad1=898&p kod=1&desformat=pdf&p_dil=1&ENVID=hayvancilikkurumsalE
nv.

2. Schormiiller J. (1968), Handbuch der Lebensmittel Chemie. Band III 12 Teil Tierische
Lebensmittel Eier, Fleisch, Buttermilsch, Springer-Verlag, Heidelberg, Berlin. pp. 1561—
1584.

3. Karayiicel S., Kaya Y, Karayiicel 1. (2003), Effect of environmental factors on biochemical
composition and condition index in the Mediterranean mussel (Mytilus gallaprovincialis
Lamarck, 1819) in the Sinop region, Turkish Veterinary Animal Science, 27, pp. 1391—
1396.

4. Turan H., S6nmez G., Celik M.Y., Yal¢in M., Kaya Y. (2008), The effects of hot smoking
on the shelf life of Mediterranean Mussel (Mytilus galloprovincialis 1.1819) under chilled
storage, Journal of Food Processing and Preservation, 32(6), pp. 912-922.

5. Orban E., Di Lena G., Nevigato T., Casini 1., Marzetti A., Caproni R. (2002), Seasonal
changes in meat content, condition index and chemical composition of mussels (Mytilus
galloprovincialis) cultured in two different Italian sites, Food Chemistry, 77, pp. 57-65.

304 ——Ukrainian Food Journal. 2016. Volume 5. Issue 2 —



10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24,

25.

Biotechnology, microbiology ——

Turan H., Sénmez G., Celik Y., Yalgin M., Kaya Y. (2007), Effects of different salting
process on the storage quality of Mediterranean mussel (Mytilus galloprovincialis L. 1819),
Journal of Muscle Foods, 18, pp. 380-390.

FAO (1997a), Street foods. FAO food and nutrition paper 63. Report of an FAO technical
meeting on street foods, Calcutta, India, 6 to 9 November 1995. Food and Agriculture
Organization of the United Nations, Rome.

Kisla D., Uzgiin Y. (2008), Microbiological evaluation of stuffed mussels (Research Note),
Journal of Food Protection, 71(3), pp. 616—620.

Feldhusen F. (2000), The role of seafood in bacterial food borne diseases, Microbes and
Infection, 2, pp. 1651-1660.

Hanashiro A., Morita M., Matté G.R., Matté M.H., Torres E.A.F.S. (2005), Microbiological
quality of selected street foods from a restricted area of S3o Paulo city, Brazil. Food
Control, 16(5), pp. 439—-444.

FAO (1997), FAO maps out future activities in nutrition, hygiene. Street food: small
entrepreneurs, big business. Street Foods: FAO Food and Nutrition Paper 63, Food and
Agriculture Organization of the United Nations, Rome.

Ekanem E.O. (1998), The street food trade in Africa: Safety and socio-environmental
issues. Food Control, 9(14), pp. 211-215.

Ates M., Ozkizilcik A., Tabakoglu C. (2011), Microbiological analysis of stuffed mussels
sold in the streets, Indian J. Microbiol,51(3), pp. 350-354.

Bal’a A.M.F., Podolak R., Marshall D.L. (2000), Microbial and color quality of fillets
obtained from steam-pasteurized beheaded and eviscerated whole catfish, Food
Microbiology 17, pp. 625-631.

Anonymous (2005), Merck Food Microbiology, Ed: AK Halkman. Basak Mat. Ltd. Sti.
Ankara, pp. 211.

Buck J.D. (1998), potentially pathogenic Vibrio spp. in market seafood and natural habitats
from southern New England and Florida, Journal of Aquatic Food Product Technology, 7,
pp- 53-61.

Stimbiiloglu K., Stimbiilogu V. (2007), Biyoistatistik, Hatipoglu Yaymlari, p.299.

Caglak E., Cakli S., Kiling B. (2008), Microbiological, chemical and sensory assessment of
mussels (Mytilus galloprovincialis) stored under modified atmosphere packaging, European
Food Research and Technology, 226, pp. 1293—-1299.

Kok F., Sahiner C., Kocak P., Goksoy E.O., Beyaz D., Biiyiikyoriik S. (2015),
Determination of microbiological quality of stuffed mussels sold in Aydin and Izmir,
MANAS Journal of Engineering, 3(1), pp. 70-76.

Ulusoy S. (2008), Midye Dolmalarim Modifive Atmosferle Paketlenmesi (Yiiksek Lisans
Tezi), Istanbul Unv. Su Uriinleri Avlama ve Isleme Teknolojisi Anabilim Dali, pp. 72.
Karagam H., Boran M., Kose S. (1997), Bacterial contamination of mussels (Mytilus
galloprovincialis) in Trabzon coast, Mediterranean Fisheries Congress, lzmir-Turkey, pp.
377-382.

TGK (1995), Su Uriinleri Yonetmeligi, Yetki kanunu: 1380, Resmi Gazete: 10.03.1995,
n0.22223, Ankara

TGK (2009), Tirk gida kodeksi mikrobiyolojik kriterler tebligi (Tebli no: 2009/6). Resmi
gazette: 06.02.2009. no. 27133, Ankara.

Hampikyan H., Ulusoy B., Bingdl E.B., Colak H., Akhan M. (2008), Determination of
microbiological quality of some grilled food, salad and appetizers, Turkish Microbiological
Society, 38(2), pp. 87-94.

Wher M.H. (1978), Attitudes and policies of state governments, Food Technology, 1, pp.
63-67.

——Ukrainian Food Journal. 2016. Volume 5. Issue 2 — 305



Biotechnology, microbiology ——

Enhancement of microbial transglutaminase production
from Streptomyces sp.

Izzet Turker!, Gokhan Domurcuk’, Mehmet Tokatli’,
Hilal Isleroglu’, Banu Koc?

1 — Gaziosmanpasa University, Faculty of Natural Sciences and Engineering, Food
Engineering Department, Tokat, Turkey
2 — Gaziantep University, Fine Arts, Gastronomy and Culinary Arts, Gaziantep, Turkey

Keywords:

Microbial
Transglutaminase
S. Mobaraensis
Enzyme

Activity
Fermentation

Abstract

Article history:

Received 14.01.2016
Received in revised
form 29.03.2016
Accepted 30.06.2016

Corresponding
author:

Hilal Isleroglu
E-mail:
hilal.isleroglu@
gop.edu.tr

Introduction. Enhancement of microbial transglutaminase
(MTGase) production was investigated in terms of creating a
model for future studies about the usage of microbial
transglutaminase which might become popular in the next
years.

Materials and methods. In order to determine the highest
enzyme activity, the effects of temperature, pH, medium and
type of strains have been investigated. Five different strains
were selected to produce MTGase: Streptomyces mobaraensis
(NRRL B-3729), S. ladakanum (NRRL ISP-5587), S. lividans
(NRRL B-12275), S. sioyaensis (NRRL B-5408) and S.
platensis (NRRL B-5486). The fermentation process carried out
using two fermentation media based on glucose-starch and soy
with different pH and temperatures (6.0, 7.0, 8.0 pH and 20, 30,
40 °C). MTGase activity had been determined for 28 days by
hydroxamate-based colorimetric method.

Results and discussions. S. mobaraensis, S. ladakanum
and S. lividans showed greater growth rates than S. sioyaensis
and S. platensis. In that case, S. mobaraensis, S. ladakanum and
S. lividans were selected for the enzyme production. At pH 6.0,
the highest enzyme activity (0.036 U/ml) was achieved by S.
mobaraensis in glucose-starch medium at 30 °C for 14 days and
the enzyme activity decreased dramatically after 14™ day of
fermentation for all strains. At pH 7.0, the highest enzyme
activity was seen on 28" day of incubation for S. mobaraensis
at 30 °C. At pH 8.0, MTGase could not be produced in any of
the culture media, or at any temperatures and pH value. For
initial pH 6.0 value, the increasing rate of MTGase activity in
glucose-starch based medium was higher than in soy based
medium at all different temperatures (20, 30 and 40 °C). S.
ladakanum and S. lividans could not produce MTGase for none
of the conditions.

Conclusions. S. mobaraensis yielded the highest enzyme
activity when compared with other strains. Glucose-starch
based medium was the most suitable medium for MTGase
production. pH and temperature changes affected the enzyme
activity and pH 6.0 and 30 °C were the best conditions for the
production of MTGase.
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Introduction

Transglutaminase (TGase; protein-glutamine-glutamyl-transferase, EC 2.3.2.13) is an
enzyme capable of catalyzing acyl transfer reactions by introducing covalent cross-links
between proteins as well as peptides and various primary amines [1]. When the amine
substrates are absent in the medium, TGase can catalyze the hydrolysis of the v-
carboxyamide group of the glutaminyl residue, resulting in deamination. When the g-amino
group of a peptide-bound lysyl residue is the substrate, peptide chains are covalently
connected through by TGase &-(y-glutamyl) lysine (G-L) bonds [2]. Transglutaminase has
been found in animals, plants, and microorganisms [3]. Recently, TGase has captured
peoples’ interest due to its potential application for various food products [4, 5].

There are three ways to produce TGase. The first approach is extraction and
purification of the enzyme from body fluids and tissues of animals. Factor XIII, extracted
from the blood of cattle, was the first commercially produced TGase in Europe [6].
However, the blood enzyme needed thrombin to be active and when used for food products,
red pigmentation affected the appearance. The second approach is producing the enzyme by
using genetic manipulation. In this purpose, many researchers experimented to produce
TGase within the host microorganisms as E. coli, Bacillus and Aspergillus [7-9]. Although
being a low-costed method, because of consumers disclaim, second approach could not be
an applicable method to obtain commercial TGase [2]. The third approach is finding an
appropriate microorganism and produce TGase by using fermentation technology. Several
reviews on the application of microbial transglutaminase (MTGase) in food and other areas
are already available in the literature [2, 3, 5, 10].

The production of MTGase by Streptoverticillium mobaraense was first reported by
Ando et al. [11]. It was reported that MTGase can catalyze acyl transfer reactions by
introducing covalent cross-links between proteins like blood and tissue TGase.
Furthermore, MTgase do not require Ca™ or thrombin for activation. For commercial
production, MTGase can be easily isolated from the culture broth. MTGase from
Streptoverticillium sp. used for several food applications such as producing polymers of
casein and soybean proteins and gelatinizing sodium caseinate and skim milk gels [12, 13].

Streptomyces species are able to produce MTgase in different structures and these
species are commonly used for the industrial production of MTGase. Accordingly,
researchers are focused on enhancement of the production of MTGase by using
Streptomyces species in terms of factors affecting enzyme activity such as substrate
optimization, metabolic optimization, and extrinsic factors (pH, dissolved oxygen and
temperature etc.). Altering the parameters about fermentation may cause to increase the
enzyme activity and hereby increasing the enzyme activity may lower the costs of the
production [14]. Because of consideration in the usage of MTGase will become popular, in
this study enhancement of MTGase production was investigated in terms of creating a
model for future studies. For determination of the highest enzyme activity, the effects of
temperature, pH, medium and type of strains have been investigated.

Materials and methods

Materials. All the chemicals used were of analytical grade and mainly purchased either
from Sigma Chemical Co., Ltd. or Merck Millipore Corporation. Z-GIn-Gly (y-glutamyl
donor substrate), was purchased from Sigma Chemical Co., Ltd. Streptomyces mobaraensis
NRRL B-3729, S. ladakanum NRRL ISP-5587, S. lividans NRRL B-12275, S. sioyaensis
NRRL B-5408 and S. platensis NRRL B-5486 were obtained from USDA Agricultural
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Research Service. Perkin-Elmer Lambda EZ 201 spectrophotometer was used for the
enzyme assays.

Culture conditions and MTGase Production. All strains were pre-cultured on a
medium composed of: glucose (4.0 g/L), yeast extract (4.0 g/L) and malt extract (10.0 g/L)
at pH 7.2, 30 °C. After 6 days of incubation, S. mobaraensis, S. ladakanum and S. lividans
showed greater growth rates than S. sioyaensis and S. platensis. In that case, S.
mobaraensis, S. ladakanum and S. lividans were selected for the enzyme production. Two
different media were prepared for MTGase production. The first medium based on glucose-
starch composed of: glucose (15 g/L), starch (15 g/L), peptone (15 g/L), yeast extract (4
g/L), MgSOy (2 g/L), KHPO, (2 g/L) and KH,PO, (2 g/L) [15]. The second medium based
on soy composed of: soy (20 g/L), glycerol (10 g/L), peptone (15 g/L), starch (5 g/L),
glucose (5 g/L), yeast extract (5 g/L), CaCOs (5 g/L), MgSO, (2 g/L), KHPO, (2 g/L) and
KH,PO,4 (2 g/L) [1]. To determine the effect of different temperatures and pH values on
MTGase production, S. mobaraensis, S. ladakanum and S. lividans were inoculated in both
glucose-starch based medium and soy based medium, initial pH values were adjusted to
6.0, 7.0 and 8.0. Samples had been incubated for 28 days at 20, 30 and 40 °C were analyzed
to determine MTGase activity.

Determination of MTGase activity. MTGase enzyme activity was determined by
Hydroxamate formation with the specific substrate of Z-GIn-Gly. The reaction mixture
contained 100 pl enzyme solution and 325 ul substrate solution (200 pl of 200 mM Tris-
HCI, 25 pl of 12.5 mM reduced glutathione, 25 pl of 125 mM hydroxylamine and 75 pl of
37.5 mM Z-GIn-Gly). The solution was incubated at 37 °C for 24 hours and then it was
ended by adding 425 ul of stop reagent (consisting of 15% TCA and 5% FeCl;). After
centrifugation at 11000 rpm for 5 minutes, the absorbance of the supernatant was measured
at 525 nm. Assay was also carried out using the enzyme blanks. One unit of MTGase
activity was described as the amount of enzyme which caused the formation of 1.0 umole
of hydroxamate per minute by catalyzing the reaction between Z-GIn-Gly and
hydroxylamine at pH 6.0 and 37 °C by using rL-glutamic acid y-monohydroxamate as a
standard [16, 17].

Results and discussion

All five lyophilized strains obtained from USDA were pre-cultured on a medium
composed of glucose, yeast extract and malt extract. S. mobaraensis, S. lividans and S.
ladakanum were selected for the MTGase production of enzyme. These strains were
reproduced once in two days for the first week, and this procedure was repeated every
couple of weeks. For preparation of the stock culture, cultured media were centrifuged and
bacterial pellet was obtained. Following the centrifugation, sterilized pre-culturing medium
containing 30% glycerol (v/v) was added on the bacterial pellet and stock cultures were
stored inside cryotubes at -65 °C. For the enzyme production, fresh cultures which obtained
from pre-culturing medium were inoculated in (1%) glucose-starch and soy based media.
After 28 days of incubation, S. mobaraensis yielded the highest enzyme activity. However,
S. ladakanum and S. lividans could not produce MTGase for none of the culture mediums,
temperatures and pH value. Some researchers attempted to produce MTGase by genetic
modification methods from S. ladakanum and S. lividans strains which produce MTGase
very slightly [18, 19]. On the other hand, according to the Tellez-Luis et al. [20], S.
ladakanum is able to produce MTGase (0.725 U/ml) in the presence of casein and glycerol
in the broth medium. In the same way, Ho et al. [21] produced MTGase (2.40 U/ml) by
using agitating fermenter from S. ladakanum.
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Figure 1. Effect of the different incubation temperatures on the enzyme activity of S.
mobaraensis for glucose-starch based medium (dark grey) and soy based medium (light grey) at
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Figure 1 shows that the highest activity for all experimental conditions was found at 30
°C, 14" day of incubation. The results for glucose-starch based medium and soy based
medium were 0.036 U/ml and 0.020 U/ml, respectively. In the same way, Zheng et al. [22]
carried out the effects of the temperature to the fermentation of Streptovericillium
mobaraense and reached the highest enzyme activity at 30 °C (2.90 U/ml at pH 6.5). The
glucose-starch based medium had the lowest enzyme activity at 20 °C. Likewise, soy based
medium showed the lowest enzyme activity at 20 and 40 °C. The highest activity at 20 °C
was reached on the 14™ day of incubation for both media (~0.006 U/ml). Temperature
might considerably affect the specific cell growth rate of microorganisms. Therefore, the
amount of MTGase activity can be related with specific cell growth rate of S. mobaraensis
[22]. Glucose-starch based medium had an acceptable enzyme activity (0.024 U/ml) at 40
°C as well. However, the enzyme activity decreased dramatically after 14™ day of
incubation for all samples at 20, 30 and 40 °C.

For initial pH 6.0, the increasing rate of MTGase activity in glucose-starch based
medium was higher than in soy based medium at all different temperatures (20, 30 and 40
°C). Tellez-Luis et al. [20] reported that using of glycerol and casein in the medium had
positive impact on producing MTGase from S. ladakanum. On the other hand, in the
medium, cross-linking of peptides may occur by MTGase. For our soy based medium, free
amino acids may be probably limited the MTGase production.

As shown in Figure 2, at initial pH 7.0, the highest enzyme activities for both glucose-
starch based medium and soy based medium at 30 °C were 0.010 U/ml, 0.004 U/ml,
respectively similar to initial pH 6.0. We concluded that glucose-starch based medium had
high amount of enzyme activity when compared with soy based medium likewise at pH 6.0.
For the temperatures 20 and 40 °C, there were slight changes on the MTGase activity. At
pH 7.0, the highest enzyme activity was seen on 28" day of incubation unlike pH 6.0. In
our study, because of having low enzyme activity at pH 8.0 for both media, the data was
not shown in this paper. Meiying et al. [23] stated that S. mobaraense cannot grow
normally in acidic or slightly alkaline medium. Hydrogen bonds may not be formed;
consequently, protein molecule bond formation cannot be established. They suggested that
to maximize the specific cell growth rate the pH value should be controlled at 7.0.
However, we reached the highest enzyme activity value at initial pH 6.0.

Conclusions

S. mobaraensis showed the highest MTGase activity when compared with S. lividans
and S. ladakanum. MTGase activity of S. mobaraensis was crucially affected by medium
type, different temperatures and pH values. The effect of temperature (20, 30 and 40 °C),
pH (6.0, 7.0 and 8.0) and two different media (glucose-starch based and soy based medium)
on the enzyme activity was investigated and it was reached that the highest enzyme activity
(0.036 U/ml) at 30 °C, pH 6.0 and in glucose-starch based medium. To maintain maximum
MTGase production, in addition to the temperature and pH, other parameters such as
dissolved oxygen and agitation may also be changed. Instead of ready to use medium,
molasses or waste products can be used as carbon source for the production of MTGase.
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Introduction. The determining factors of cultured butter
production is fermentation processes (selection starting cultures,
their relations and determinations of optimal technological
parameters of fermentation) and physical cream maturation.

Materials and methods. The activity of acid formation during
cream fermentation was determined by volumetric change and
active acidity. Number of viable cells Flora Danica and
Lactobacillus acidophilus La-5 was calculated by sowing while
using nutrient environment M17 Agar CM-0785 and Lactobacillus
MRS Agar M 641-500G (Himedia). Fat acid composition of oil
samples were investigated by gas-liquid chromatography using gas
chromatograph Hewlett Packard HP-6890.

Results and discussion. The wuse of dairy products
compositions in the manufacture along with some lactobacilli,
containing monocultures of probiotic strains can become
irreplaceable in terms of modern nutrition food with probiotic,
health and given special properties.

Subject to the technological instructions recommended
temperature fermentation and compromise temperature for
microbial cultures selected drugs were chosen two temperatures —
20 and 30 °C for cream fermentation. It was established that the
highest growth rate recorded in titrated acidity cream sample,
which was used for fermentation Flora Danica + Lactobacillus
acidophilus La-5 and temperature 30 °C.

As the results demonstrated, like the joint cultivation Flora
Danica + Lactobacillus acidophilus La-5 for fermentation
temperature 30 °C shows the best dynamics of biomass growth for
fermentation and physical maturation cream, because the
concentration of viable cells in this version was the largest.

As for the content of fat acids that exhibit a strong biological
effects, their contents showed a clear tendency for the sample of
cultured butter rise, which used a combination of mixed cultures of
mesophilic and thermophilic acidophilic bacillus fermentation and
cream at temperature 30 °C.

Conclusions. The use of technology of cultured butter
composition, composed of mixed cultures of mesophilic was
proposed to use for the first time.
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Introduction

The role of probiotic products grows in the modern world daily. The demand of
consumers for new nutrition products is very large; today the consumer ability of the world
functional foods market is estimated about 1.4—1.7 million US dollars, from them 65% —
constitue functional milk products [1, 2, 3]. Milk and functional milk products, occupying a
substantial place in the daily ration of Ukrainians, are on the one of the first positions
among functional foods today, that prevents an origin and progress of dysbacteriosiss [4].

The correct choice of cultures for the fermented dairy product provides the obtaining of
the product of certain type with the characteristic and rationed indexes of quality and
forecast probiotic properties. The market of functional milk products with probiotics,
mainly, is presented by soul-milk drinks of the functional setting. Cultured butter with the
probiotic bacteria at the market of Ukraine, countries of the CIS and European Union is not
presented. The usage of ferment compositions in the dairies production, that are next to
certain lactic acid bacterias, contain monoculture of probiotic strains, that allows to get
irreplaceable, from the point of view of modern dietetics, food product with probiotic,
health and set of special properties [5]. While common cultivation of two cultures, the
origin of both sunergism and antagonism is possible, that is why the necessary stage of
experimental researches at the production of cultured butter is the feature stablishment of
cross-coupling the cultures of Flora Danica and probiotic monoculture Lactobacillus
acidophilus of probiotic strain La-5 at a cultivation in creams [6].

Cultured butter is an enough popular product in the European countries, unlike our
state. The reason of such low demand of cultured butter in Ukraine are not only differences
in tastes of consumers, but also contradictions in relation to the features of production
technology, disadaptation of technological modes to differences in the composition and
properties of domestic raw materials [7]. This, in its turn, caused the interest to the revival
of cultured butter technology. The commercial success of probiotics at the market of soul-
milk foods made developers appeal to other types of dairies, including cultured butter.

The strain of Lactobacillus acidophilus La-5 is a strain analogical to the one, that is in
the gastrointestinal tract of people. La-5 is characterized by high firmness to muriatic and
suckling acids during the long contact with them, that can considered as a guarantor of the
maintenance of their viability at transit through the sour environment of stomach and at
storage of soul-milk foods [8].

The maintenance of high level of viable amount of cells of probiotic in the fermented
food products is not a simple task. The viability of cultures lactic acid bacterias is
influenced by: acidity of product, co-operation of ferment cultures inter se and condition of
their storage [9]. However, there are a few reports, that present sale milk products contain
the insufficient amount of viable cages of probiotic (to <10° cfu/g on the dead-line of
storage), the same way diminishing the positive influence on a health of man [10]. Thus, a
survival of probiotics and development of methods for support of their vital functions
during all expiration date are the important subject of researches.

In our time in the different countries around the world of Lactobacillus acidophilus is
entered in a monoculture, or in a complex with the various types of lactobacilluss in
composition of soul-milk foods [11, 12, 13]. The possibility and expediency of general
cultivation of lactic acid bacterias and acidophilic bacillus are proven [14, 15, 16], that
allows to get the high concentration of viable cages of both groups of microorganisms in a
product.

The once developed fermented dairy product is based on the use of cultures of
Lactobacillus acidophilus La-5, Lactobacillus casei 431, BB-12 and Flora Danica. The
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best viable property, during the storage for temperature 4°C, was characteristic feature of
monoculture of Lactobacillus acidophilus La-5 in combination with the mixed cultures of
Flora Danica [17, 18].

The rational correlation of lactic acid bacterias and acidophilic bacillus in a
composition with ferment compositions may allow to produce acidophilic foods with the
maximally high concentration of probiotic cultures, well organoleptics, rationed
microbiological and physical and chemical indexes, in particular, with the not high level of
acidity, and also prolonged expiration date [8].

Creams are the special environment for cultivation of lactate bacterias, and have
marked features and temperature parameters of their fermentation for the production of
butter, in addition, the special requirements are pulled out to the aroma and taste of cultured
butter, that is why an important problem is forming of microbial composition.

The possibility of involving cultures of probiotic to fermentation of creams is an
unstudied question. It needs the special attention from the point of view of temperature
conditions and combination of processes of the biological and physical ripening of creams,
as cultures for fermentation of creams are mesophilic, thus one should pick up strains with
maximal activity at mionectic temperatures, and cultures of probiotic are thermophilic. For
soul-milk foods with probiotic properties qualificatory is the viability of probiotic cultures
and conservation of them in an amount that is necessary to give to the product the
functional properties. Therefore, the determinations of conditions, at which the cultures of
probiotic will save viability, simultaneously with forming the excellent organoleptic
properties and rationed physical and chemical parameters are actual task [19].

The latest reports certify the positive connection between the consumption of full-milk
and milk products, including, with high content of fat (butter) and health of people [20, 21].

The special attention is focused on sublimity of content of conjugated linoleic acids
(CLA) in milk and milk products. CLA in milk preliminary appears in the deck-house of
cattle as a mediator of microbal hydrogenation of polyunsaturated of fat acids. Except the
microorganisms of scar, a few lactobacillus synthesize CLA [22, 23]. It is also reported that
the synthesis of CLA by lactobacillus while enriching milk with oil rich for linolic acid as
substrate [24]. It is determined that the synthesis of CLA by preparation that contained Lac.
lactis (CI4b). The content of CLA increased from 0.41 to 1.21 g/100 g of suckling fat in the
fermented milk without addition of any substrates [25].

Without regard to considerable efforts of scientists, the content of CLA in the diets of
people remains very low in the comparison with a level, necessary to provide the benefit for
a health. Huth and other (2006) proved that 0.42 g of CLA in a day can result in
anticarcinogenic effects for people. Strengthening of commercially accessible CLA-isomers
that would become the effective method of increase of content of CLA in a dairy product,
however, it is related with many defects, in particular, with the presence of other position of
trans-isomers that show other effect, and also with the grant of taste defects [26]. The other
authors in literature reports about the synthesis of CLA report a lactate microflora [27, 28,
29].

The search for ways of natural increase of content of CLA in dairy products is actual.
One of them is the use of lactobacillus. This possibility to enrich CLA with dairy butter is
unexplored.

A research aim was establishment of feature of cross-coupling of the cultures DVS
Flora Danica and monoculture of probiotic L. acidophilus La-5 at a cultivation in creams
while the production of cultured butter.

To reach a set aim, such tasks were solved:
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— to set possibility of combination of Flora Danica from L. acidophilus La-5 of
fermentation of creams;

—  to investigate influence of ferment cultures and temperature of fermentation of creams
on activity of formation of lactic acid;

—  to define influence of temperature of fermentation of creams on the amount of viable
cages during fermentation and physical ripening of creams;

—  to investigate influence of ferment cultures and temperature of fermentation of creams
on composition of fatty acids of cultured butter;

—  to give recommendations in relation to the scientific ground of technology of cultured
butter with a probiotic properties.

Materials and methods

The firs research was conducted in the laboratory of the department of Milk and milk
products technology at Lviv National University of Veterinary Medicine and
Biotechnologies named after S.Z. Gzhytskyi and in the laboratory of CSK FOOD
Enrichment-Ukraine. Milk raw material for the production of cultured butter was obtained
in a spring-summer period of year. For this purpose used milk with mass part of fat 3,4%
was separated at a temperature 40-45 °C, received creams with mass part of fat 33% were
pasteurized at a temperature 95 °C without a withstand. Creams after pasteurization were
cooled to the temperature of fermentation.

It were applied two ferment cultures DVS for the fermentation of creams: cultures of
Flora Danica — FD (Lactococcus lactis subsp. lactis;, Lactococcus lactis subsp. cremoris,
Lactococcus lactis subsp. lactis biovar. diacetylactis, Leuconostoc mesenteroides subsp.
cremoris), and also monoculture of probiotic of Lactobacillus acidophilus La-5 — La-5
(Chr. Hansen, Denmark) in correlation 1:1, the initial concentration of cultures at a ferment
in creams was 0,5-10° and 0,5-10° CFU/ml namely (for the standards of K2 and K3). For
research four standards were made:

—sample 1 — CB1 accordingly — FD; the fermentation of creams at a temperature 20 C
and physical ripening at a temperature 5 C is an initial concentration of cultures in creams
0,5-10° CFU/ml;

— sample 2 — CB2 accordingly — FD in combination with La-5; fermentation of creams
at a temperature 20 °C and ripening at a temperature 5 C;

—sample 3 — CB3 accordingly — FD in combination with La-5; fermentation of creams
at a temperature 30 °C and ripening at a temperature 5 °C;

—sample 4 — SB — sweet butter.

The activity of formation of lactic acid was selected the initial factors during
fermentation of creams, that was determined after the change of titrated and active acidity,
by the amount of viable cages in creams in 1 ml, organoleptic properties and composition
of fatty acids of lipids of butter. Butter was made using the method of rafting of creams
with a triple reiteration that was packed in polysterole glasses of the capacity of 200 ml and
kept for temperatures 0...5 C.

The common amount of the mixed cultures of FD was determined the by the parallel
sowing of breeding of standards of butter in double-dish on the environment of M17 Agar
CM of a 0785 firm Himedia with next incubation in a thermostat at a temperature 30 C
during 3 days in anaerobic terms. Common amount of viable cells of La-5 was determined
with the parallel sowing of breeding of standards of butter in double-dish on the
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environment of Lactobacillus MRS Agar M 641-500G (Himedia) with next incubation in a
thermostat at a temperature 37 C during 3 days in anaerobic conditions.

The composition of fat acids was investigated by the method of gas-liquid
chromatography on gaschromatography of Hewlett Packard HP-6890 with application of
capillary column of HP-88 (88 lyanopropyl aryl-polysiloxane, Agilent Technologies) length
a 100 m, with an internal diameter a 0,25 mm and in thick immobile phase of 0,2 mkm at
next terms: flow rate of gas-transmitter-1,2 ml/min, coefficient of division of stream —
1:100, temperature of vaporizer — 280 °C, temperature of detector (UNDER) — 290 °C, a
temperature condition of column is the gradual heating from 60 °C to 230 °C.

It was used a mixture of methyl ethers of fat acids 37 Component FAME Mix firm of
Supelco (executioner. Ne 47885-U) and mixture of methyl ethers of CLA firm of Sigma
(executioner. Ne 05632) for authentication of chromatography peaks and account of
chromatogram.

Registration and reatment of chromatogram was carried out by means of the personal
computer equipped by HP ChemStation software.

Results and discussion

To establish the possibility of combination of FD with the acidophilic bacillus of strain
of La-5 at making of cultured butter were conducted fermentation of creams at different
temperatures, in fact a temperature has substantial influence on the dynamics of
fermentation of creams, and in further on a organoleptic estimation and microbiological
indexes of product. According to the review of literary data and technological instructions
[31, 32] it is known that the optimal temperature of fermentation of creams at the
production of cultured butter is a temperature of 16...20 °C. Taking into account the
recommended for the cultures fermentation instructions and a compromise temperature for
microbial cultures of selected preparations, were chosen two temperatures conditions 20
and 30 °C for fermentation of creams.

The duration of hold of the leavened creams at every temperature depended on activity
of ferment culture, namely speeds of growth of titrated acidity of plasma to the necessary
value — 55°T (the value of titrated acidity directly for creams presents 37°T), in obedience
to a calculation driven to [32]. Cooling of the fermented creams began, when titrated
acidity was on 810 °C [31] less than necessary, for avoidance of superfluous growth of
acidity.

Titrated acidity of creams during fermentation for the standard of CB3 (8 h) grews
from 17°T to 28°T, while for CB1 and CB2 for 10 h to 25-26°T. It was stablished that the
greatest rate of increase of titrated acidity of creams is registered for the standard of CB3,
for fermentation of that is used FD+La-5 and temperature of fermentation 30 C. During a
18 h of fermentation and physical ripening of creams titration for CB3 grew from 17°T to
37°T, while for CB2 grew from 17°T to 31°T titration of creams 37°T answers 55°T acidity
plasma. In the samples of CB1 and CB2, for fermentation of creams of that applied FD
independently and combination with La-5 and temperature 20 °C, the general duration of
fermentation and physical ripening presented also 18 h; during this time titration grew on
15°T, while for CB3 on 20°T. It is explained by subzero activity of FD and La-5 for the
temperatures of fermentation of creams (20+1) °C.

The maximum accumulation of diacetyl occurs at the active environment acidity pH
4.7-5.2 [33]. After the fermentation and physical maturation, the active cream acidity was
within pH 5.56-5.22. Analogically to the volumetric change of acidity in the experimental
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samples of cream, the highest rate of decrease acidity active registered sample CB3, which
is used for fermentation FD+La-5 and temperature (30+1) °C. During the cream
fermentation in the sample cream CB2 active acidity for 10 h decreased by 0.87 whereas
the sample CB3 for 8 h — by pH 0.94.
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Fig. 1. Change of titrated (a), active (b) of acidity in the fermentation and physical maturation
cream cultures FD and La-5:
1-SB1; 2 - SB2; 3 - SB3.

At the beginning of the fermentation the number of viable cells FD and La-5 was
0.5-10° CFU/cm’ for all samples. While the fermentation of creams with the FD culture the
at a temperature 20 and 30 °C, the number of viable cells in samples CB1-CB3 8...10 h
increased from 4.5 to 6.4-6,6 Ig CFU/cm’, and the number of cells La-5 (CB2-CB3) — up to
6.6-6.7 1g CFU/cm’. The usage of fermented cultures CB1-CB3 composed from FD and
La-5, made it possible to get clusters of cream with the number of viable cells at the end of
physical cream maturation FD 6.8-7.2 g CFU/cm’, and La-5 — 7.0-7.4 Ig CFU/cm’. The
most intensive increase in the number of viable cells occurred during the fermentation of
cream; in the future, the number of viable cells has changed slightly, due to the low activity
of cultures at low temperature of physical maturation (5+1) °C. However, as it is certified
by the results, sample with the joint cultivation of FD and La-5 at a fermentation
temperature (30£1) °C shows the best dynamics, because the concentration of viable cells in
this version was the largest.

However, in all tested items such number of viable cells is insufficient to ensure the
probiotic properties of the finished product — cultured butter, since the further technological
operations connected with the removal of plasma, thus, significant decrease in the number
of viable cells. Therefore, further studies are required to search the dose of inoculation of
fermented cultures and immediate introduction of FD and La-5 and determination of their
value to increase the concentration of viable cells.
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Fig. 2. Change of the number of viable cells FD (a) and La-5 (b) 1 cm’® cream during
fermentation and physical maturation cream cultures DVS

Table 1
Organoleptic butter samples
Samples of butter Characterization
SB Clean, with characteristic pleasant taste and aroma from pasteurized

cream flavor. Homogeneous, plastic, solid surface butter on the cut
shiny and dry in appearance to the presence of single the smallest
droplets of moisture. Color yellow, uniform throughout the mass of
color.

CB1 Insufficiently pronounced sour taste and smell. Homogeneous, not
enough plastic, solid surface butter on the cut slightly shiny and dry
in appearance to the presence of single the smallest droplets of
moisture. Color light yellow, homogeneous throughout the mass.

CB2 Clean, without the tastes and smells of weakly expressed yogurt
taste and smell. Homogeneous, plastic, solid surface butter on the
cut slightly shiny and dry in appearance to the presence of single the
smallest droplets of moisture. Color light yellow, homogeneous
throughout the mass.

CB3 Clean, without the tastes and smells of the expressed pleasant
yogurt flavor and aroma. Homogeneous, plastic, solid surface butter
on the cut shiny and dry in appearance to the presence of single the
smallest droplets of moisture. Color yellow, uniform throughout the
mass of color.
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Table 2
Fat acid composition of lipids in samples CB1-CB3, compared with sweet butter, % of total fat
acids
Fat acids Samples of butter

SB CB1 CB2 CB3
C4:0 4.07 4.42% 4.35% 4.42%
C6:0 1.59 1.67 1.67 1.67
C8:0 0.93 0.96 0.96 0.96
C10:0 1.99 2.02 2.04 2.03
C12:0 2.40 242 2.45 2.44
C14:0 9.56 9.59 9.63 9.58
iso-C14:0 0.45 0.45 0.45 0.45
anteiso-C14:0 0.81 - - -
Cl4:1 0.97 1.74%** 1.74%** 1.74%**
C15:0 1.57 1.57 1.57 1.56
C16:0 25.04 24.96 24.96 24.82
iso-C17:0 0.78 0.77 0.77 0.77
Cl16:1 c9 1.40 1.39 1.40 1.41
anteiso-C17:0 0.58 0.58 0.58 0.58
C17:0 0.91 0.90 0.90 0.90
C18:0 11.29 11.22 11.19 11.10
Cl18:1 t6 0.33 0.28 0.30 0.33
C18:11t9 0.26 0.29 0.28 0.24
Cl18:1t11 4.03 4.01 3.99 4.00
C18:1 c6 0.26 0.24 0.26 0.24
Cl18:1 c9 22.82 22.66* 22.67* 22.71
Cl18:1 cll 0.63 0.62 0.62 0.62
Cl18:1 cl2 0.15 0.15 0.15 0.15
C19:0 0.14 - - 0.14
C18:219, cl2 0.12 0.12 0.12 0.12
C18:2 ¢9, t12 0.62 0.61 0.60 0.61
C18:2 ¢c9, cl12 1.33 1.32 1.33 1.33
C20:0 0.24 0.23 0.23 0.23
C18:3 ¢9, cl12, cl5 1.22 1.21 1.21 1.21
C20:1cll 0.21 0.21 0.20 0.21
C18:2 CLA ¢9, t11 1.84 1.92 1.87 1.93*
C18:2 ¢cl0, cl2 0.02 0.01 0.01 0.01
C18:2 10, c12 0.01 0.01 0.02 0.01
CI18:2CLA cl1, 113 0.14 0.14 0.14 0.13
C21:0 - 0.08 0.08 0.05
C18:2 CLA ¢9, cll 0.03 0.02 0.02 0.03
CI18:2 CLAt11,t13 0.02 0.02 0.02 0.02
C20:2 0.03 0.03 0.02 0.02
C18:2 CLA 9, cll 0.09 0.11 0.09 0.11
C22:0 0.15 0.12 0.12 0.12
C20:3 ¢c8,cll, cl4 0.05 0.08 0.07 0.07
C20:3 cll, cl4, cl7 0.02 0.03 0.03 0.02
C20:4 c5 ¢c8, cll, cl4, cl7 0.11 0.12 0.13 0.13
C23:0 0.08 0.08 0.07 0.07
C20:4 0.10 0.10 0.10 0.09
C20:5 c5,¢8, cll, cl4, cl7 0.14 0.14 0.15 0.22*
C24:0 0.09 0.09 0.09 0.09
C22:5 ¢7,¢l0, cl13, cl6, cl9 0.30 0.31 0.32 0.29

Note: * — the difference is likely to control * — P<0.05; ** — P<0.01; *** — P<0.001
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According to the organoleptic evaluation, sample CB3 with a combination of cultures
FD and La-5 and fermentation at a temperature 30 °C was characterized with clean, without
the other tastes and smells of the expressed pleasant yogurt flavor and aroma. Other
samples were characterized by insufficient or poorly marked yogurt flavor and aroma.
Sweet butter is characterized by a pleasant taste and aroma from pasteurized cream flavor.
Color samples of oil from light yellow to yellow, homogeneous throughout the mass.

Therefore, to development of promising technologies of cultured butter with probiotic
properties are the composition of FD and La-5 and fermentation temperature of
fermentation cream — (30+1) °C.

The fermentation of creams cultures of immediate introduction of DVS FD and La-5
while cultured butter production affected the fat acid composition of milk fat, as evidenced
by the data presented in table 2.

The results show that sweet butter and cultured butter are characterized by a large
range of fat acids, which include acids iso-forms and anteiso, as well as acid chain of length
of more than 20 carbons (C21:0, C22:0, C23:0, C24:0). The main changes include
increasing the proportion of butyric acid (C4:0) 8.6% for CB1 and CB3 (p<0.05) and 6.9%
for CB2 (p<0.05), respectively, compared with sweet butter. This is a unique milk fat acid
which shows anticarcinogenic effect, synthesized de novo in the secretory cells of the
breast and is the dominant short-fatty acids of milk lipids ruminants.

Typical components of milk fat are fatty acids with branched carbon chain (iso-C14:0,
anteiso-C14:0, iso-C17:0, anteiso-C17:0), which are components of lipid microbial cells.
The largest number of this group of acids in the butter sample SB was acid anteiso-C14:0.
In samples of cultured butter this acid was not identified.

The most undesirable fat acids of milk fat is saturated C12:0, C14:0 and C16:0,
because they contribute to raising the level of cholesterol and low-density lipoprotein in the
blood and thus show atherogenic and thrombogenic properties. The content of acid C14:1
in samples of cultured butter increased by 2 times that may be a sign of activity of
desaturated microflora under the influence of A9-desaturasy. Among the family of acids n-6
in samples of butter dominated linoleic (C18:2 ¢9, c12), the content of which was 1.32-
1.33%.

The presence in dairy products trans-isomers of unsaturated fat acids is associated with
the risk to human health. However, the main trans-acids of milk fat is C18:1 trans-11 and
dienes trans-11 conjugated of linoleic acid, exhibiting the diverse positive biological effects
on the human body. The most studied linoleic acid isomer is cis-9, trans-11 diene
conjugates that has anticarcinogenic, antiatherogenic, antidiabetic, anti-inflammatory and
immunomodulatory effects [36, 37]. The results showed that the content of CLA cis-9,
trans-11 consisting in milk fat was 1.84% in SB and 1.92, 1.87, 1.93% respectively in CB1,
CB2, CB3. The sum of all isomers CLA in the experimental samples of butter ranged from
2.08 to 2.13%, it should be emphasized that the content of trans-9 isomers in a CB3 was
0.24 versus 0.26 in SB. The content of cis-9, trans-11 CLA showed a tendency to increase
in samples CB1 and CB3. These results of the content of trans-11 isomer in the sample
CB2 may pressupose that the joint cultivation of lactic acid bacteria FD and acidophilic
bacillus probiotic strains La-5 at a fermentation temperature (30£1) °C these isomers are
synthesized by lactic acid bacterias.

The increase of unsaturated fat acids in the samples of cultured butter reflected in the
tendency to increase the ratio of unsaturated/saturated fat acids — 0.61 in CB1-CB3 versus
0.59 in SB. In the butter samples the total content of branched fat acids ranged within 1.8—
2.6% of the sum of fat acids. The sum of odd fat acids was similar in all groups as well.
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The ratio of fatty acids n-3/n-6 were roughly the same in all tested items, but the amount of
families acids n-3 and n-6 showed a tendency to increase in samples of cultured butter.

As for the content of fatty acids that exhibit a strong biological effects, their contents
showed a clear tendency to increase the sample of cultured butter CB3, in which were used
a combination of mixed cultures of mesophilic and thermophilic acidophilic bacillus
fermentation and cream at temperature (30£1) °C.

Conclusions

The possibility of a combination of mixed cultures of Flora Danica and L. acidophilus
La-5 strain during fermentation of cream in the technology of cultured butter was
determined.

Fat acid composition of samples butter was researched. As for the content of fatty acids
that exhibit a strong biological effects, their contents showed a tendency to increase in the
sample of cultured butter, in which was used a combination of mixed cultures of
mesophilics lactic acid bacterias and thermophilic acidophilic bacillus and cream
fermentation at temperature (30£1) °C.

It was proposed to use in the technology of a cultured butter, ferment composition,
composed from mixed mesophilic cultures FD and thermophile La-5 and a temperature of
cream fermentation of (30£1) °C.

References

1. Diplock A.T., Aggett P.J., Ashwell M.A. et al. (1999), Scientific concept of functional foods in
Europe: consensus document, British Journal of Nutrition, 81 (1), pp. 1-27.

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

3. Roberfroid M.B. (2002), Global view on functional foods: European perspectives, British
Journal of Nutrition, 88 (2), pp. 133-138.

4. Tkachenko N.A., Skrypnichenko D.M. (2014), Obgruntuvannya racionalnogo vmistu
molokozsidalnogo fermentu SNU-MAX u vyrobnycztvi myakyx probiotychnyx syriv, Xarchova
texnologiya ta promyslovist, 2(27), pp. 24-29.

5. Gavalko Y.V., Gavalko A.V. (2015), Dosvid vykorystannya probiotykiv pry metabolichnomu
syndromi u lyudej litnogo viku, Mizhnarodnyj nacionalny j kongres «Lyudyna ta liky».

6. Tkachenko N.A., Nazarenko Y.V., Avershyna A.S., Ukrayinceva Y.S. (2014), Zakvashuvalni
kompozyciyi dlya dytyachyx kyslomolochnyx produktiv z pidvyshhenymy proteolitychnymy
vlastyvostyamy, Sxidno-Yevropejskyj zhurnal peredovyx texnologij, 12 (68), pp. 66-71.

7. Vyshemyrskyj F.A. (2006), «Maslo yz vershkov», Syrodelye y maslodelye, 1, pp. 25-28.

8. Didux N.A., Chagarovskyj O.P., Lysogor T.A. (2008), Zakvashuvalni kompozyciyi dlya
vyrobnycztva molochnyx produktiv funkcionalnogo pryznachennya, Poligraf, 233 p.

9. Gilliland S.E., Reilly S.S., Kim G.B., Kim H.S. (2002), Viability During Storage of Selected
Probiotic Lactobacilli and Bifidobacteria in a Yogurt-like Product, Journal of Food Science, 67,
pp. 3091-3095.

10. Tharmaraj N., Shah N.P. (2003), Selective Enumeration of Lactobacillus delbrueckii ssp.
bulgaricus, Streptococcus thermophilus, Lactobacillus acidophilus, Bifidobacteria, Lactobacillus
casei, Lactobacillus rhamnosus, and ropionibacteria, Journal of Dairy Science, 86, pp. 2288—
2296.

11. Kaushal D., Kansal V.K. (2014), Dahi containing Lactobacillus acidophilus and
Bifidobacterium bifidum improves phagocytic potential of macrophages in aged mice, Food
Science and Technology, 51(6), pp. 1147-1153.

——VUkrainian Food Journal. 2016. Volume 5. Issue 2 — 323



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

324

Biotechnology, microbiology ——

Lavinia B., Nicolescu C., Avram D., Gabriela M. (2009), Survival of probiotic bacteria during
lactic acid fermentation of vegetable juices, Journal of Agroalimentary Processes and Technologies,
15(1), pp. 132-139.

Zhou J.S., Shu Q., Rutherfurd K.J., Prasad J., Birtles M.J., Gopal P.K., Gill H.S. (2000), Safety
assessment of potential probiotic lactic acid bacterial strains Lactobacillus rhamnosus HNO0O1,
Lb. acidophilus HNO17, and Bifidobacterium lactis HNO19 in BALB/c mice, International
Journal of Food Microbiology, 56(1), pp. 87-96.

Romanchuk 1.O. (2001), Rozrobka texnologiyi zakvashuvalnyx preparativ pryamogo vnesennya
dlya jogurtu ta smetany, PhD Thethis, Kyiv.

Burns G., Vinderola A., Binetti A., Quiberoni C.G., de los Reyes-Gavilan (2008), Bile-resistant
derivatives obtained from non-intestinal dairy lactobacilli, International Dairy Journal, 18(4),
pp. 377-385.

Dianawati D., Vijay M., Shah P. (2013), Nagendra Effect of drying methods of
icroencapsulated Lactobacillus acidophilus and Lactococcus lactis ssp. cremoris on secondary
protein structure and glass transition temperature as studied by Fourier transform infrared and
differential scanning calorimetry, Journal of Dairy Science, 96(3), pp. 1419—-1430.
Lourens-Hattingh A., Viljoen B.C. (2001), Yogurt as probiotic carrier food, International Dairy
Journal, 11, pp. 1-17.

Paraschiv D., Vasile A., Constantin M., Ciobanu A., Bahrim G. (2011), Study of physiological
properties of some probiotics in multiple cultures with mesophilic lactis acid bacteria by Flora
Danica Ch. Hansen commercial starter, Food Technology, 35(2), pp. 56-65.

Tkachenko N.A., Nazarenko Y.V., Okunevska S.O. (2015), Racionalne spivvidnoshennya kultur
laktobakterij u biotexnologiyi kyslomolochnyx produktiv dlya lyudej z sercevo-sudynnymy
zaxvoryuvannyamy, Xarchova nauka i texnologiya, 9 (3), pp. 16-22.

Gaver L., Winston D. (2007), Dairy products shown to help reduce blood pressure, Journal of
Dairy Science, 90, pp. 186.

Palacios O.M., Nicholls J., Green R., Miller G.D. (2007), Invited editorial: The importance of
dairy foods in helping impoverished people in the United States, Journal of Dairy Science, 90,
pp. 4917-4923.

Ogawa J., Kishino S., Ando A., Sugimoto S., Mihara K., Shimizu S. (2005), Production of
conjugated fatty acids by lactic acid bacteria, Journal of Bioscience and Bioengineering, 100,
pp. 355-364.

Rodriguez-Alcala L.M., Braga T., Malcata F.X., Gomes A., Fontecha J. (2011), Quantitative
and qualitative determination of CLA produced by Bifidobacterium and lactic acid bacteria by
combining spectrophotometric and Ag+-HPLC techniques, Food Chemistry, 125, pp. 1373—
1378.

Andrade J.C., Ascencao K., Gullon P., Henriques S.M.S., Pinto J.M.S., Rocha-Santos T.A.P.,
Freitas A.C., Gomes A.M. (2012), Production of conjugated linoleic acid by food-grade
bacteria: A review, International Journal of Dairy Technology, 65, pp. 467—481.

Pandit A., Anand S., Kalscheur K., Hassan A. Production of conjugated linoleic acid by lactic
acid bacteria in milk without any additional substrate, International Journal of Dairy
Technology, 65, pp. 603—608.

Campbell W., Drake M.A., Larick D.K. (2003), The impact of fortification with conjugated
linoleic acid (CLA) on the quality of fluid milk, Journal of Dairy Science, 86, pp. 43-51.
Domagala J., Sady M., Najgebauer-Lejko D., Czernicka M., Wieteska 1. (2009), The content of
conjugated linoleic acid (CLA) in cream fermented using different starter cultures,
Biotechnology in Animal Husbandry, 25 (5-6), pp. 745-751.

Jiang J., Bjorck L., Fonden R. (1998), Production of conjugated linoleic acid by dairy starter
cultures, Journal of Applied Microbiology, 85, pp. 95-102.

Mohan M.S., Anand S., Kalscheur K.F., Hassan A.N., Hippen A.R. (2013), Starter cultures and
cattle feed manipulation enhance conjugated linoleic acid concentrations in Cheddar cheese,
Journal of Dairy Science, 96(4), pp. 2081-2094.

——Ukrainian Food Journal. 2016. Volume 5. Issue 2 —



30.

31.
32.
33.

34.

35.

36.

37.

Biotechnology, microbiology ——

Sieber R., Collomb M., Aeschlimann A., Jelen P., Eyer H. (2004), Impact of microbial cultures
on conjugated linoleic acid in dairy products—a review, International Dairy Journal, 14(1), pp.
1-15.

Gryshhenko A.D. (1983), Slyvochnoe maslo, Moscow

(1980) Sbornyk texnologicheskix instruktcij po proizvodstvu slivochnogo i toplenogo masla,
CNTY.

O’Sullivan D.J. (2001), Screening of intestinal microflora for effective probiotic bacteria,
Journal of Agricultural and Food Chemistry, 49, pp. 1751-1760.

Kostova 1., Damyanova S., Ivanova N., Stoyanova A., Ivanova M., Vlaseva R. (2016), Use of
Essential Oils in Dairy Products. Essential Oil of Basil (Ocimum basilicum L.), Indian Journal
of Applied Research, 6(1), pp. 211-213.

Kostova 1., Damyanova S., Ivanova N., Stoyanova A., Ivanova M., Vlaseva R. (2016), Use of
essential oils in dairy products. 2. Essential oil of caraway (Carum carvi L.), Journal of Food
and Packaging Science, Technique and Technologies, 8, pp 20-23.

Belury M.A. (2002), Dietary conjugated linoleic acid un health: Physiological effects and
mechanisms of action, The Annual Review of Nutrition, pp. 505-531.

Parodi P.W. (1999), Conjugated linoleic acid and other anticarcinogenic agents of bovine milk
fat, Journal of Dairy Science, 82, pp. 1339-1349.

——VUkrainian Food Journal. 2016. Volume 5. Issue 2 — 325



-Food chemistry——

Cu(II) complexes of 4- and 5- nitro-substituted
heteroaryl cinnamoyl derivatives and determining their
anticoagulant activity

Iliana Nikolova', Marin Marinov?, Petja Marinova®,
Atanas Dimitrov3, Neyko Stoyanov!

1 — University of Ruse "Angel Kanchev”, Razgrad Branch, Bulgaria
2 — Agricultural University, Plovdiv, Bulgaria
3 = Plovdiv University “Paisii Hilendarski”, Bulgaria

Keywords:

1,3-indandiones
Cu (II)-complexes
IR

PT

INR

Article history:

Received 05.04.2016
Received in revised
form 12.06.2016
Accepted 30.06.2016

Corresponding
author:

Iliana Nikolova
E-mail:
inikolova@uni-
ruse.bg

Abstract

Introduction. This article presents the synthesis of Cu(Il)
complexes of 4- and 5- nitro-substituted heteroaryl cinnamoyl
derivatives and the research on their anticoagulant activity.

Materials and methods. All chemicals used were purchased
from Merck and Sigma-Aldrich. The melting points were
determined with a digital melting point apparatus SMP 10. The
elemental analysis data were obtained with an automatic
analyzer Carlo Erba 1106. The purity of the compounds was
checked by thin layer chromatography on Kieselgel 60 Fys4, 0.2
mm Merck plates, eluent system (vol. ratio): CH,Cl,
CH;COCH; =1 : 1. IR spectra were taken on spectrometer
Perkin-Elmer FTIR-1600 in KBr discs.

Results and discussion. Ligands, needed for the obtaining of
the corresponding complexes, are obtained from 4- and 5-nitro-
substituted 2-acyl-1,3-indandiones by two different methods:
Mosher and Meier and Rotberg and Oshkaya, and the new thing
in our method is the use of pyrrolidine as catalyst.The resulting
ligand is dissolved in dioxane and Cu(CH;COQ),. H,O is
dissoved in methanol and this solution is added to the solution
of the ligand, wherein the complex crystallizes upon cooling.
The physicochemical parameters and the corresponding spectral
studies of the newly identified compounds have been defined.
Based on the results obtained it is suggested that the
composition of the complexes is [M(L),]. Based on the
experimental data, the most probable structure for the Cu(Il)
complexes has been suggested with two deprotonated OH
groups of 4- and S5-nitro- cinnamoyl derivatives. The
spectroscopic data on the amorphous samples indicate a square
planar or a tetrahedral structure geometry of the Cu(Il)
complexes. Anticoagulant activity of the synthesized complexes
has been determined by their prothrombin time and has been
compared with that of the starting 4- and S5-nitro-cinnamoyl
derivatives. It has been shown that the 5-nitroderivatives have a
higher anticoagulant activity than the corresponding 4-
nitroderivatives.

Conclusion. New Cu(Il) complexes of 4- and 5- nitro-
substituted heteroaryl cinnamoyl derivatives were successfully
obtained and their anticoagulant activity was determined.
These complexes may be used in future tests of food products
of plant and animal origin.
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Introduction

In our previous work [1] we described the synthesis of 4- and S-nitro-substituted
heteroaryl cinnamoyl derivatives from the corresponding 4- and S5-nitro-2-acetyl-1,3-
indandiones with heteroaldehydes in the presence of pyrrolidine as catalyst. Their structure
has been proved by elemental analysis and spectral analysis methods.

The compounds were obtained from 4- and 5-nitro-substituted 2-acyl-1,3-indandiones
by two different methods: Mosher and Meier [2] and Rotberg and Oshkaya [3], and the new
thing in our method was the use of pyrrolidine as catalyst.

O
/ OH H / OH
:< + %Het —_— + H,0
X \ CH; 0O X \ —
v (0] (@) Het

Y

_ / A\

In the literature, there are quite a few examples showing that the replacement of
saturated with unsaturated radical very often enhances the physiological effect or have
particularly specific effect [4, 5].

But the introduction of an unsaturated radical becomes very difficult through the
methods described [2, 3, 6-9]. For this purpose a new methodology [10] has been
developed.

In the absence of catalysts, for example, 2-acetyl-1,3-indandione with benzaldehyde
does not react, but in particularly hard conditions in the presence of alkaline or acidic
catalysts, the reaction proceeds to the obtaining of the corresponding cinnamoyl derivatives.
In all of these publications the reaction is indicated to proceed as follows:
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While in our work [11, 12] it should be as follows:

iy C
OH v
+H E——
\ CHy )l\©:
o 4

I

The tautomeric form III has been proved to be energetically the most favourable form
of the existing five tautomeric forms [13]. While up to now, 4- and 5-nitro cinnamoyl
derivatives have not been received, pyrrolidine proved to be particularly successful catalyst.

The structure of the product of the condensation reaction between 2-acetylindan-1,3-
dione and aniline was investigated in gas phase, solution and solid state using a
combination of quantum-chemical calculations, IR- and 'H-, *C-NMR spectroscopy, and
by using a combination of 2D NMR experiments, which included 'H-'H COSY, HMQC
and HMBC sequences, and X-ray crystallography [14]. A series of six 2-acyl-1,3-
indandione derivates were determined in crystalline state and in gas phase using X-ray
diffraction and theoretical methods (HF, DFT and TD-DFT) [12].

Synthesis, structure, spectral and coordination properties of a crown ether derivative of
1,3-indandione were presented by Ahmedova et al. [15]. The crystal structure of the newly
synthesized crown ether derivative of 2-benzylidene-1,3-indandione was determined by
means of single-crystal X-ray diffraction. The compound crystallizes in the monoclinic
P21/n space group. There are four molecules in the unit cell. The structure of complexes
with alkaline and alkaline-earth metal ions (K', Na*, Mg*", Sr*" and Ba’") were verified by
elemental analyses, IR-, UV-Vis and also studied by means of quantum chemical methods.
A racemic mixture of an octahedral Fe(IIl) complex was studied by means of single-crystal
X-ray diffraction, Mdssbauer and EPR spectroscopy [16]. Six organophosphine/phosphite
silver(I) complexes of 2-acetyl-1,3-indandione (2-AID) have been obtained and
characterized by elemental analysis, 'H, *C{H} NMR, IR spectroscopy, and thermal
analysis (TG and DSC), respectively. The molecular structure of one of them has been
determined by X-ray single crystal analysis in which the silver atom is in a distorted
trigonal geometry [17]. Eu" complexes with 2-AID, 2-isovaleryl-1,3-indandion and 2-
benzyl-1,3-indandion have been synthesized and characterized by Teotonio et al. [18]. A
series of new Cu(Il), Zn(II), Pb(II) Cd(II) complexes of 2AID were synthesized and based
on NMR (in solution and solid state) and EPR spectroscopy for paramagnetic complexes
were characterized [19]. Some of the studies concern excited state twisting, as for N,N-
dimethylaminobenzylidene-1,3-indandione and derivatives [20-22]. Recently, selective
electrochemical fluorination (SEF) of 1-indanone, 2-indanone and 1,3-indandione were
carried out in Et;N.4HF ionic liquid by Ilayaraja and Noel [23]. Extensive publications and
review, mainly from Alfimov et al., focus on the study of the molecular receptors based on
photochromic crown ethers and complex formation [24]. No complexes with 4- and 5-
nitro-substituted heteroaryl cinnamoyl derivatives have been obtained, so their
anticoagulant activity has not been examined.

That is why, the research described here is focused on the synthesis of Cu(Il)
complexes of of 4- and 5-nitro- substituted heteroaryl cinnamoyl derivatives and their
characterization by elemental analysis, UV-Vis and IR spectroscopy.
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Materials and methods

All chemicals used were purchased from Merck and Sigma-Aldrich. The melting
points were determined with a digital melting point apparatus SMP 10. The elemental
analysis data were obtained with an automatic analyzer Carlo Erba 1106. The purity of the
compounds was checked by thin layer chromatography on Kieselgel 60 Fys4, 0.2 mm Merck
plates, eluent system (vol. ratio): CH,Cl, : CH;COCH; = 1 : 1. IR spectra were taken on
spectrometer Perkin-Elmer FTIR-1600 in KBr discs. UV/Vis spectra was measured on a
Lambda 9 Perkin-Elmer UV/Vis/NIR Spectrophotometer from 200 nm to 1000 nm.

The obtaining of the Cu (II) complexes of the 4- and 5-nitro-cinnamoyl derivatives
was conducted according to the following common methodology.

In a flask of joint of 100 ml, 0.001 mol of the corresponding nitro-cinnamoyl
derivative are dissolved by refluxing. 0.0005 mol of the copper salt (Cu(CH;C0O0O),).H,0)
are dissolved with gentle heating. The ligand is dissolved in a medium of dioxan (7 ml),
and the copper salt — in an medium of methanol (10 ml). After addition of the solution of
the copper salt to that of the nitro-cinnamoyl product, the solution is cooled to room
temperature. The resulting complex is filtered and dried at room temperature and then in a
desiccator over silica gel. The resulting complexes are light brown to dark brown
crystalline substances with melting points above 370 °C. The yields, melting points and R¢
are given in Table 1.

Table 1
X Y Het Yeld, % M.p., °C R;
H NO, /@ 57.17 > 370 0.47
S
H NO, /CS 18.00 > 370 0.49
H NO, /@ 43.77 > 370 0.40
0
H NO, //NU 38.33 > 370 0.45
H
NO, H /@ 48.71 > 370 0.48
S
NO, H /CS 50.62 > 370 0.42
NO, H /@ 53.51 > 370 0.51
(0]
NO, H //N@ 39.13 > 370 0.40
H
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Results and discussion

Through spectroscopic methods for structural analysis the structure of 2-acetyl-1,3-
indandione and its derivatives have been defined in detail. Based on this, the possibility for
receiving of several tautomeric forms, as well as a tautomeric equilibrium, have been
established. V. Enchev et. al. [13] in 1999 demonstrated the realization of intramolecular
proton transfer. The proof of proton transfer and the failure to register a high energy form
led to the assumption of reversible and relatively fast transfer of passing of enol forms in
one another.

A number of researchers have been directed to synthesis, determining the structure and
properties of derivatives of 2-acetyl-1,3-indandione. Of particular interest is the nitro group
introduced in the phthaloyl ring, due to the strong electron acceptor character due to a
significant degree to the change of the distributed electron density, as a result of which
change in acidity and other physicochemical properties of 2-acetyl-1,3-indandione can be
expected. It has been found that the introduction of a nitro group in the phthaloyl core of 2-
acetyl-1,3-indandiones greatly increases the acidity of the triketones. The increase in the
acid properties is associated with an increase in the acidity of the anionic form, which in its
turn is explained by the involvement of the nitro group in the negatively charged
delocalized anion of the 5-nitro-2-acetyl-1,3-indandione. The nitro group in the fourth
position due to the spatial problems, does not detract from the plain position and thus does
not have such a strong negative conjugation effect to the triketone group as the nitro group
located in the fifth place.

Despite the well-known chelato-creating ability of the 2-acetyl-1,3-indandiones and
their derivatives, significantly small is the number of the studies in this area. That is why
we turned to the study of the 4- and 5- nitro-cinnamoyl derivatives with five-cycle hetero-
aldehyde and the ability to form complexes with transition metals, in this case Cu®'.

The relative stability of the potential enol tautomers in the cinnamoyl derivatives,
unsubstituted in the phthaloyl core, has been established [25] through optimization by HF
and DTF methods [25]. The resulting relative energies indicate that the exocyclic enol form
(a) is the most favourable. In accordance with the Hartree-Fock calculations the endocyclic
enol form (b) and the rotamer acis are very poor in energy. DFT results show energy
differences between these two isomers as the rotamer acis is more stable than the tautomer
(c) (Fig. 1).

Due to the existence of geometrical isomerism, the number of isomers has been
increased to eight, as energetically most advantageous is structure (a), and this is namely
the E-form (a) (Fig. 2).

The names of the respective forms, depending on the substituents, are given in the
Table. 2.

UV/Vis spectra were measured on a Lambda 9 Perkin-Elmer UV/Vis/NIR
Spectrophotometer from 200 nm to 1000 nm.

All UV-Vis spectra were registered in DMSO. Maxima in the electronic spectra of
Cu(Il) complexes with 4-nitro-substituted heteroaryl cinnamoyl derivatives were observed
at 255, 305, 376 for Va (Cu(Il) complexes with 4-nitro-cinnamoyl derivatives); 256, 323,
382 for Vb; 256, 320, 411 for Vc nm, respectively. Maxima in the UV-Vis spectra of the
Cu(Il) complexes with 5-nitro-substituted heteroaryl cinnamoyl derivatives were observed
at 256, 395 for Va; (Cu(Il) complexes with 5-nitro-cinnamoyl derivatives); 256, 284 for
Vby; 256, 317, 386 for V¢, nm, respectively.

For the course of the reaction, we judge not only by the colour changes, but also by the
spectral data of the resulting complexes, compared with those of the starting cinnamoyl
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derivatives published by us earlier [1]. The full reaction is traced with TLC. First, there has
been a reduction of the frequency of oscillation of the hydroxyl group with 40-85 cm™ for
the various complex compounds. The oscillations of one of the carbonyl groups have been
retained, unengaged with the chelato-creation, as well as the double C=C bond, while for
the other change it is significant, the difference is 20-45 cm™. Coordination of the 2-
cinnamoyl-1,3-indandiones after deprotonation of the enolic OH group is supposed after
comparing the IR spectra of the metal complexes with that of the free ligands. The
physicochemical parameters, as well as the IR-spectral data for Cu(Il) complexes with 4-
and 5-nitro-substituted heteroaryl cinnamoyl derivatives, are listed in Table 1, Table 3 and
Table 4.

exocyclic enol form endocyclic enol form

(@) (b)

acis

(©)

Fig. 1
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Table 2

(2E)-2-[(2E)-1-hydroxy-3-
(thiophen-2-yl)prop-2-en-1-
ylidene]-4-nitro-1H-indene-
1,3(2H)-dione

(2E)-2-[(2E)-1-hydroxy-3-
(thiophen-3-yl)prop-2-en-1-
ylidene]-4-nitro-1H-indene-
1,3(2H)-dione

(2E)-2-[(2E)-3~(furan-2-yl)-
1-hydroxyprop-2-en-1-
ylidene]-4-nitro-1H-indene-
1,3(2H)-dione

(2E)-2-[(2E)-1-hydroxy-3-
(1H-pyrrol-2-yl)prop-2-en-
1-ylidene]-4-nitro-1H-
indene-1,3(2H)-dione
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(2E)-2-[(2E)-1-hydroxy-3-
(thiophen-2-yl)prop-2-en-1-
ylidene]-5-nitro-1H-indene-
1,3(2H)-dione

(2E)-2-[(2E)-1-hydroxy-3-
(thiophen-3-yl)prop-2-en-1-
ylidene]-5-nitro-1H-indene-
1,3(2H)-dione

(2E)-2-[(2E)-3~(furan-2-yl)-
1-hydroxyprop-2-en-1-
ylidene]-5-nitro-1H-indene-
1,3(2H)-dione

(2E)-2-[(2E)-1-hydroxy-3-
(1H-pyrrol-2-yl)prop-2-en-
1-ylidene]-5-nitro-1H-
indene-1,3(2H)-dione

(2E)-2-[(22)-1-hydroxy-3-
(thiophen-2-yl)prop-2-en-1-
ylidene]-4-nitro-1H-indene-
1,3(2H)-dione

334
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OH \ / (2E)-2-[(2Z)-1-hydroxy-3-
(thiophen-3-yl)prop-2-en-1-
ylidene]-4-nitro-1H-indene-
H 1,3(2H)-dione

(2E)-2-[(22)-3-(furan-2-yl)-
1-hydroxyprop-2-en-1-
ylidene]-4-nitro-1H-indene-
H 1,3(2H)-dione

(2E)-2-[(22)-1-hydroxy-3-
(1H-pyrrol-2-yl)prop-2-en-
1-ylidene]-4-nitro-1H-
indene-1,3(2H)-dione

(2E)-2-[(22)-1-hydroxy-3-
(thiophen-2-yl)prop-2-en-1-
ylidene]-5-nitro-1H-indene-
1,3(2H)-dione

(2E)-2-[(22)-1-hydroxy-3-
(thiophen-3-yl)prop-2-en-1-
ylidene]-5-nitro-1H-indene-
1,3(2H)-dione

(2E)-2-[(22)-3-(furan-2-yl)-
1-hydroxyprop-2-en-1-
ylidene]-5-nitro-1H-indene-
1,3(2H)-dione
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(2E)-2-[(22)-1-hydroxy-3-
(1H-pyrrol-2-yl)prop-2-en-
1-ylidene]-5-nitro-1H-
indene-1,3(2H)-dione

4-nitro-2-[(2E)-3-(thiophen-
2-yl)prop-2-enoyl]-1H-
indene-1,3(2H)-dione

4-nitro-2-[(2E)-3-(thiophen-
3-yl)prop-2-enoyl]-1H-
indene-1,3(2H)-dione

2-[(2E)-3-(furan-2-yl)prop-
2-enoyl]-4-nitro-1H-indene-
1,3(2H)-dione

4-nitro-2-[(2E)-3-(1H-

pyrrol-2-yl)prop-2-enoyl]-
1H-indene-1,3(2H)-dione
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S5-nitro-2-[(2E)-3-(thiophen-
2-yl)prop-2-enoyl]-1H-
indene-1,3(2H)-dione

S5-nitro-2-[(2E)-3-(thiophen-
3-yl)prop-2-enoyl]-1H-
indene-1,3(2H)-dione

2-[(2E)-3-(furan-2-yl)prop-
2-enoyl]-5-nitro-1H-indene-
1,3(2H)-dione

S5-nitro-2-[(2E)-3-(1H-

pyrrol-2-yl)prop-2-enoyl]-
1H-indene-1,3(2H)-dione

4-nitro-2-[(2Z)-3-(thiophen-
2-yl)prop-2-enoyl]-1H-
indene-1,3(2H)-dione
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4-nitro-2-[(2Z)-3-(thiophen-
3-yl)prop-2-enoyl]-1H-
indene-1,3(2H)-dione

2-[(22)-3-(furan-2-yl)prop-
2-enoyl]-4-nitro-1H-indene-
1,3(2H)-dione

4-nitro-2-[(22)-3-(1H-

pyrrol-2-yl)prop-2-enoyl]-
1H-indene-1,3(2H)-dione

5-nitro-2-[(2Z)-3-(thiophen-
2-yl)prop-2-enoyl]-1H-
indene-1,3(2H)-dione

5-nitro-2-[(2Z)-3-(thiophen-
3-yl)prop-2-enoyl]-1H-
indene-1,3(2H)-dione

2-[(22)-3-(furan-2-yl)prop-
2-enoyl]-5-nitro-1H-indene-
1,3(2H)-dione
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S5-nitro-2-[(22)-3-(1H-

pyrrol-2-yl)prop-2-enoyl]-
1H-indene-1,3(2H)-dione

3-hydroxy-4-nitro-2-[(2E)-
3-(thiophen-2-yl)prop-2-
enoyl]-1H-inden-1-one

3-hydroxy-4-nitro-2-[(2E)-
3-(thiophen-3-yl)prop-2-
enoyl]-1H-inden-1-one

2-[(2E)-3-(furan-2-yl)prop-
2-enoyl]-3-hydroxy-4-nitro-
1H-inden-1-one

3-hydroxy-4-nitro-2-[(2E)-
3-(1H-pyrrol-2-yl)prop-2-
enoyl]-1H-inden-1-one
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3-hydroxy-5-nitro-2-[(2E)-
3-(thiophen-2-yl)prop-2-
enoyl]-1H-inden-1-one

3-hydroxy-5-nitro-2-[(2E)-
3-(thiophen-3-yl)prop-2-
enoyl]-1H-inden-1-one

2-[(2E)-3-(furan-2-yl)prop-
2-enoyl]-3-hydroxy-5-nitro-
1H-inden-1-one

3-hydroxy-5-nitro-2-[(2E)-
3-(1H-pyrrol-2-yl)prop-2-
enoyl]-1H-inden-1-one

340
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3-hydroxy-7-nitro-2-[(2E)-
3-(thiophen-2-yl)prop-2-
enoyl]-1H-inden-1-one

3-hydroxy-7-nitro-2-[(2E)-
3-(thiophen-3-yl)prop-2-
enoyl]-1H-inden-1-one

2-[(2E)-3-(furan-2-yl)prop-
2-enoyl]-3-hydroxy-7-nitro-
1H-inden-1-one

3-hydroxy-7-nitro-2-[(2E)-
3-(1H-pyrrol-2-yl)prop-2-
enoyl]-1H-inden-1-one
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3-hydroxy-6-nitro-2-[(2E)-
3-(thiophen-2-yl)prop-2-
enoyl]-1H-inden-1-one

3-hydroxy-6-nitro-2-[(2E)-
3-(thiophen-3-yl)prop-2-
enoyl]-1H-inden-1-one

2-[(2E)-3-(furan-2-yl)prop-
2-enoyl]-3-hydroxy-6-nitro-
1H-inden-1-one

3-hydroxy-6-nitro-2-[(2E)-
3-(1H-pyrrol-2-yl)prop-2-
enoyl]-1H-inden-1-one
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3-hydroxy-4-nitro-2-[(2Z2)-
3-(thiophen-2-yl)prop-2-
enoyl]-1H-inden-1-one

3-hydroxy-4-nitro-2-[(2Z2)-
3-(thiophen-3-yl)prop-2-
enoyl]-1H-inden-1-one

2-[(22)-3-(furan-2-yl)prop-
2-enoyl]-3-hydroxy-4-nitro-
1H-inden-1-one

3-hydroxy-4-nitro-2-[(2Z2)-
3-(1H-pyrrol-2-yl)prop-2-
enoyl]-1H-inden-1-one

3-hydroxy-5-nitro-2-[(2Z)-
3-(thiophen-2-yl)prop-2-
enoyl]-1H-inden-1-one

3-hydroxy-5-nitro-2-[(2Z)-
3-(thiophen-3-yl)prop-2-
enoyl]-1H-inden-1-one
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2-[(22)-3-(furan-2-yl)prop-
2-enoyl]-3-hydroxy-5-nitro-
1H-inden-1-one

3-hydroxy-5-nitro-2-[(2Z)-
3-(1H-pyrrol-2-yl)prop-2-
enoyl]-1H-inden-1-one

3-hydroxy-7-nitro-2-[(2Z)-
3-(thiophen-2-yl)prop-2-
enoyl]-1H-inden-1-one

3-hydroxy-7-nitro-2-[(2Z)-
3-(thiophen-3-yl)prop-2-
enoyl]-1H-inden-1-one

2-[(22)-3-(furan-2-yl)prop-
2-enoyl]-3-hydroxy-7-nitro-
1H-inden-1-one
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3-hydroxy-7-nitro-2-[(2Z)-
3-(1H-pyrrol-2-yl)prop-2-
enoyl]-1H-inden-1-one

3-hydroxy-6-nitro-2-[(2Z)-
3-(thiophen-2-yl)prop-2-
enoyl]-1H-inden-1-one

3-hydroxy-6-nitro-2-[(2Z)-
3-(thiophen-3-yl)prop-2-
enoyl]-1H-inden-1-one

2-[(22)-3-(furan-2-yl)prop-
2-enoyl]-3-hydroxy-6-nitro-
1H-inden-1-one

3-hydroxy-6-nitro-2-[(2Z)-
3-(1H-pyrrol-2-yl)prop-2-
enoyl]-1H-inden-1-one
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Table 3
Ne| Het |vou | vNu Var Vc=0 VC=0‘ Vce=Cc NMc=CHet)| VasNO2 | VsNO2 VoH V=CH | V2-tioph | V3-tioph
Va @ 3444 3062 | 1701 | 1632 | 1614 | 1571 | 1537 | 1351 | 1254 | 962 825
Vb /Cs 3443 3088 | 1697 | 1632 | 1610 | 1573 | 1537 | 1351 | 1276 | 967 768
Ve Q 3483 3071 | 1698 | 1636 | 1612 | 1572 | 1548 | 1351 | 1271 | 968
Vd Q 3471|3364 | 3055 | 1697 | 1633 | 1610 | 1572 | 1538 | 1351 | 1271 | 967
H

Table 4

Ne| Het | von | vV Var Vc=0 | Vc=0 Ve=c [Vc=C(Het)| VasNO2 | VsNo2 | VOH V=CH | V2-tioph | V3-tioph

Va, @ 3495 3096 | 1698 | 1625 | 1607 | 1563 | 1533 | 1342 | 1254 | 951 838
Vb, /Cs 3427 3096 | 1697 | 1626 | 1608 | 1586 | 1533 | 1342 | 1253 | 955 798
Ve ﬂ 3495 3097 | 1698 | 1631 | 1612 | 1571 | 1549 | 1342 | 1254 | 950

le/@3475 3381 3096 | 1697 | 1626 | 1610 | 1573 | 1540 | 1342 | 1253 | 951

Data from the elemental analysis of the ligands and the complexes are shown in Table
5 and Table 6. The elemental analyses data show composition of the complexes with 1 : 2
metal-to-ligand ratio ([M(L"),]). The ligands coordinate in a bidentate way as monoanions
after deprotonation of the enolic OH group. This is confirmed by the IR data of the metal
complexes, which are compared with those of the free ligands and presented in Table 3 and
4. The IR data of the 4- and S5-nitro-substituted heteroaryl cinnamoyl derivatives are
presented in reference 1.

Table 5
Compound C, % H, % N, % S, % Cu, %
calc. | found | calc. | found | calc. | found | calc. | found | calc. | found

L-Va 58.71 | 58.65 | 2.77 | 2.71 428 | 425 | 9.80 | 9.59

CuL 53.67 | 53.55 | 2.25 2.17 | 3.91 3.83 8.95 8.77 8.87 8.75
L-Vb 58.71 | 58.58 | 2.77 | 2.64 | 428 | 4.18 | 9.80 | 9.64

CuL 53.67 | 53.48 | 2.25 2.13 3.91 3.86 | 895 8.79 8.87 8.69
L-Vc 61.74 | 61.65 | 291 2.83 | 450 | 4.44

CuL 56.19 | 56.00 | 2.36 | 2.27 | 4.10 | 3.95 9.29 9.18
L-Vd 61.94 | 61.89 | 3.25 3.15 | 9.03 8.94

CuL 56.35 | 56.29 | 2.66 | 2.51 8.21 8.06 9.32 9.22
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Table 6
Compound C, % H, % N, % S, % Cu, %
calc. | found | calc. | found | calc. | found | calc. | found | calc. | found

L-Va, 58.71 | 58.57 | 2.77 | 2.61 428 | 424 | 9.80 | 9.67

CuL 53.67 | 53.48 | 2.25 2.21 3.91 3.79 | 895 8.78 8.87 8.71
L-Vb, 58.71 | 58.57 | 2.77 | 2.63 | 428 | 408 | 9.80 | 9.59

CuL 53.67 | 53.61 | 2.25 2.15 3.91 3.82 | 895 8.83 8.87 8.79
L-V¢, 61.74 | 61.55 | 291 2.81 450 | 4.35

CuL 56.19 | 56.03 | 2.36 | 2.27 | 4.10 | 3.95 9.29 9.11
L-Vd, 61.94 | 61.66 | 3.25 3.15 | 9.03 8.97

CuL 56.35 | 56.17 | 2.66 | 2.55 8.21 8.06 9.32 9.26

The most probable structure of the resulting complexes, in our opinion, can be
presented as follows:

NO
Het (0] Het o 2
0} 0}

/ N
OW CU"O o> Cuko
/ \o (0]
(0] Het NO, (0] Het

A\Y Vi

Based on the results obtained it is suggested that the composition of the complexes is
[M(L"),]. Based on the experimental data, the most probable structure for the Cu(II)
complexes has been suggested with two deprotonated OH groups of 4- and 5-nitro-
cinnamoyl derivatives. The spectroscopic data on the amorphous samples indicate a square
planar or a tetrahedral structure geometry of the Cu(II) complexes.

Anticoagulant activity of the synthesized complexes has been determined by their
prothrombin time and has been compared with that of the starting 4- and 5-nitro-cinnamoyl
derivatives (Table 7 and Table 8).

Table 7
Ne PT, % INR PT, s
Va 76.0 1.32 16.4
Va+Cu®’ 95.6 1.57 254
Vb 129.5 0.44 6.6
Vb+Cu?" 135.6 0.55 9.3
Ve 106.4 0.58 8.5
Vet+Cu 114.7 0.76 12.2

PT — Prothrombin Time
INR — International Normal Ratio
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Table 8

Ne PT, % INR PT, s

Va, 82.0 1.41 19.6
Va,+Cu?’ 101.5 1.63 31.3

Vb, 1323 0.64 10.5
Vb, +Cu** 140.1 0.66 13.8

Ve, 108.4 0.68 9.5
Ve, +Cu? 111.1 0.84 16.6

PT — Prothrombin Time
INR — International Normal Ratio

It is evident that the S-nitroderivatives and their complexes manifest a higher
anticoagulant activity.

Conclusion

Synthesized and characterized, still not described in the literature, are new 4- and 5-
nitro-cinnamoyl derivatives of five-cycle hetero-aldehyde with Cu®". A series of non-
charged complexes with Cu(II) has been isolated and analyzed by elemental analyses, UV-
Vis and IR spectroscopy. For the paramagnetic Cu(Il) complexes a tetrahedral or square
planar structure has been proposed.

The anticoagulant activity of the resulting complexes has been determined by defining
their prothrombin time, it has been shown that the 5-nitroderivatives have a higher
anticoagulant activity than the corresponding 4-nitroderivatives.
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Introduction. In this paper is proposed one of the following steps
to create the sucrose crystallization process mathematical model.

Materials and methods. To obtain the non-stationary diffusion
mass sucrose solutions flow quantities for sucrose cells solved
simultaneously system with 7 unsteady heat conduction problems in
each separate area with constant and with variable thermophysical
coefficients, and three separate unsteady diffusion mass transfer
problems for four sucrose solution areas with constant and variable
diffusion mass transfer coefficients applied numerical methods
(method of controlling volume).

Results and discussion. The unsteady mass diffusion sucrose
solutions flow distribution found for sucrose areas considered entire
system cells for ten cases relative time boiling sugar massecuite /1.
(t/7. =0.15; 0.2; 0.3; 0.4; 0.5; 0.6; 0.7; 0.8; 0.9, 1.0) based on four
simultaneous systems solution of the non-stationary parabolic type
differential equations in partial derivatives (first system — for
unsteady heat conduction problem; and three systems — for non-
stationary diffusion mass transfer problems). For the first time based on
the calculations found that the process dissolved sucrose flow from the
one crystal sucrose solution cell to other crystal sucrose solution cell
really is and in which direction it is going. Also for the first time were
evaluated quantitative value sucrose diffusion mass flow between sucrose
solutions cells areas of different sugar crystals. At the time relative boiling
sugar massecuite t/1.=0.15 is the substances (sucrose) transfer from the
area 4 (left sucrose solution of crystal 2 cell) in the region 3 (right sucrose
solution of crystal 1 cell). Approximately at t.=2 s is reached their
minimum. Since at time t.=2.58 s for calculating options with constant
thermophysical coefficients situation is reversed, ie the sucrose transfer is
already from the area 3 in the area 4. With all variable thermal
characteristics per stay system cells in the heating tube the sucrose
transfer is still going on field 4 in area 3 and at the exit system cells from
heating pipes approaches to zero, that is virtually absent. So in this case
were clearly defined minimum diffusion mass flow. At the time relative
boiling sugar massecuite t/t.=1.0 were clearly defined minimum and
maximum for both constant and variable for all thermal characteristics.

Conclusions. For each sucrose solution area received unsteady
diffusion mass sucrose flow value depending on the contact time system
cell with a heating tube. The first time the diffusion mass flow value and
direction between the two regions sucrose solutions first and second sugar
crystals.
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Introduction

The crystalline sucrose in sugar process production is the most energy intensive part.

On the basis of literary analysis revealed that single issue crystallization process of sugar
crystal, mass sucrose crystallization and related processes that directly affect these complex
processes up to date engaged several authors: Tetiana Vasylenko and Sergii Vasylenko [1],
Myronchuk and Dmitrenko [2], Hugot E. [3, 7], Jenkins G.H. [4], Jiahui Chen [5], Baikow V.E.
[6], Lauret P.[8], Alewijn W.F. [9], Semlali Aouragh Hassani [10] and Thomas R. Gillett [11].

From the literature review we can conclude that describe the crystallization of sucrose,
taking into account all factors that influence this process is extremely difficult. In addition can be
said that today there is no single universally accepted approach on this issue.

Therefore, in this paper were implemented one of the next steps in the development and
creation as the most complete mathematical model of mass crystallization of sucrose.

It is necessary that mathematical model is developed, more fully described process of
simultaneous heat and mass transfer, which takes place between the components of the
multiphase system, which is a sugar utfil.

Just note that all the above described process with all the technological, thermal and
hydrodynamic characteristics that affect the sucrose mass crystallization process, practically
very difficult or even impossible.

On this basis the number of simplifications was adopted. Therefore, developed a mass
crystallization mathematical model is attributed to the idealized model.

So, to continue [12, 13, 14] sugar massecuite also represented as a cellular model [15, 16,
17].

Considered that each sugar crystal cell [16] surrounded by a corresponding sucrose solution
cell [17] for the whole sugar massecuite boiling time.

Also assume that hydrodynamic interactions between cells occur only between crystalline
sucrose solutions.

At the same time, heat exchange and mass transfer processes occurring inside the system
cells and between them.

Modeling simultaneously unsteady heat and mass transfer processes for the entire system
cells is very complex, so held in several stages.

In the earlier stages of constructing a mathematical model was found unsteady temperature
distribution in all cells of the system.

In the first, a simple case [12] considered unsteady temperature distribution for the system
cells that consisted of only one crystal sugar. In the second, more complex cases [13] system
cells are made up of two sugar crystals.

In the future creation of a mathematical model of crystallization process considered system
cells for two sugar crystals.

So the next step had to find the sucrose transferred value between the cells and the sugar
crystal amount will crystallize (or dissolve) in each cell of crystal sugar.

The results of simultaneous unsteady temperature distribution calculation in the «larger
sugar crystal-larger sugar crystal sucrose solution—less sugar crystal sucrose solution—smaller
sugar crystal-massecuite» system cells and the sucrose concentration in the solutions cells of the
same system have been received and are described in detail in [14] for the two sugar crystals
case.

The problem in finding the value transferred between cells sucrose sucrose solution and
sugar crystal amount will crystallize (or dissolve) in each the sugar crystal cell because of
sufficient complexity had to be considered in several stages.
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The first step is to find the diffusion mass flow value on the boundaries of each sucrose
solution cell entire system cells.

That this issue and the subject of this work.

Based on these calculations finally have the opportunity to find sucrose value transferred
between sucrose solution cells and the sugar crystal amount will crystallize (or dissolve) in each
sugar crystal cell. What should also be implemented at a later stage to create a mathematical
model of sucrose mass crystallization.

So, in this paper we find the diffusion mass flow value on the boundaries of each sucrose
solution cell entire system cells which consists of two sugar crystals.

It is understood that solution to this problem is completely based on the simultaneous
solution of the unsteady diffusion mass transfer problems between sucrose solution cells and
unsteady heat transfer problem for the whole of the system cells.

In this work, to continue [12, 13, 14] the results of mathematical modeling at once unsteady
heat process and mass transfer unsteady diffusion processes for two sugar crystals, which are
surrounded by respective sucrose solution cells and which simultaneously interact with
massecuite is presented.

Simulation of unsteady diffusion mass transfer process for a system with two sugar crystals
was carried out based on the simultaneous solution of three separate non-stationary diffusion
mass transfer problems. As a result, the distribution concentration was determined in each cell
sucrose solution discussed above system.

Non-stationary heat exchange and mass transfer processes between system components to
cells are considered case of system cell contact with the heating (boiling) tube surface of the
heating chamber vacuum machine.

Accepted the initial time t., =0, when the whole cells system adjudged (included) to the
bottom of a vertically oriented heating tube.

Final 1.,y is the one time when the whole system comes out simultaneously with heating
tubes in its upper part.

Research regarding the residence time /1. ¢,g System cells at heating tube depending on the
relative boiling sugar massecuite time t/t. in detail was considered in [18].

Note also that the crystal’s cells, sucrose solution’s cells and massecuite’s cell thermal
characteristics and diffusion mass transfer coefficient of sucrose solutions cells will depend on
the relative boiling sugar massecuite time /1.

Materials and methods

In this paper, the search unsteady sucrose diffusion mass flow distribution on the sucrose
solutions cells boundaries entire system cells completely based on obtained mutual unsteady
temperature distribution in all system cells components and simultaneously received on the
between the solution cells concentrations distribution of the whole system cells.

Methods of obtaining temperature distribution in the whole system cells simultaneously
interference the distribution concentration counting only in the sucrose solution the same system
cells was examined in detail in [14].

Similarly in [13], first consider the volumetric case system of cells: «larger sugar crystal—
larger sugar crystal sucrose solution—less sugar crystal sucrose solution—smaller sugar crystal—
massecuite». By a similar method [13] made the transition from the volume cell model to
equivalent one-dimensional model.

Similarly, the work [14], the non-stationary heat and mass transfer problems considered
next 7 dimensional regions (Fig. 1), simultaneously pairs in contact with each other:

1 —left area larger crystal sucrose solution;
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2 — larger crystal sugar;

3 —rights area larger crystal sucrose solution;

4 — sucrose solution left area smaller crystal;

5 — smaller crystal sugar;

6 —rights area smaller crystal sucrose solution

7 — massecuite.

The problem of unsteady heat transfer process simultaneously for the entire system cells
has been considered by a non-stationary heat problem solution. This heat conduction problem
consists of system non-stationary heat conduction problems with appropriate initial and
boundary conditions [13]. Thus, the system unsteady heat transfer problems considered
simultaneously for all 7 one-dimensional regions (Fig. 1), in pairs in contact with each other.

The non-stationary diffusion mass transfer process problem only for sucrose solutions has
been considered by three separate unsteady mass transfer problems solution.

For three individual unsteady mass transfer problems considered one-dimensional four
areas (Fig. 1): 1, 3, 4, and 6:

1 — the first unsteady diffusion mass transfer problem involved the first area, representing
the left larger crystal sucrose solution region (Fig. 1);

2 — the second unsteady diffusion mass transfer problem involved the simultaneous contact
areas 3 and 4 of the ideal mass transfer between them (Fig. 1);

3 — the third unsteady diffusion mass transfer problem was about the sixth area,
representing the right smaller crystal sucrose solution region (Fig. 1).

Finding the unsteady heat conduction problem solution for the entire system cells and three
unsteady diffusion mass transfer problems solutions for sucrose solution areas were interrelated
and considered as one large system of equations.

To solve such a complex system of non-stationary differential equations with constant and
with variable thermophysical characteristics of analytical methods [19] is difficult and almost
impossible.

Therefore, in this case, similar to the cases examined [12, 13, 14] were applied numerical
methods using well-known methods of controlling volume [20, 21].

Thus, when writing programs algorithm to obtain the unsteady heat conduction problem
solution for the entire system cells and at the same time three unsteady diffusion mass transfer
problems solutions for sucrose solution areas at each step conducting of the time and to
coordinate calculations it was considered that they are interconnected.

The calculation of non-stationary sucrose solutions diffusion mass flow for the entire
system cells also performed using numerical methods on the basis of the non-stationary
concentration distribution problems solutions in their respective fields sucrose solution.

Assume the following notation. Diffusion mass flow on the boundary of two areas
simultaneously in contact with each other, denoted by the value j,.,, (mn) = {01; 21; 23; 34; 54;
56; 67}). Where the value of m is the number area from which comes (flowing) sucrose mass
flow, and the value #n is the number field which includes (enters) sucrose mass flow (Fig. 1).
Region "zero" formally put in writing the algorithm calculation program for recording left
boundary condition for the first sucrose solution area (Fig. 1).

Assume the following signs agreement concerning the value of sucrose mass flow j,.,
((mn) = {21; 23; 34; 54; 56}):

- the substance (sucrose) comes out of the region m in region n, then the sign of the mass
flow value j,.,, ((mn)= {21; 23; 34; 54; 56}) will be positive j,,.>0 (Fig. 1)

- if the same substance (sucrose) comes out of the field # in the region m, is a sign of the
mass flow value j,.., ((mn) = {21; 23; 34; 54; 56}) will be negative j,,,<0 (Fig. 1).
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In Fig. 1 the footnotes show all considered in this paper cases diffusion mass flow of
sucrose at appropriate boundary. Direction arrows on each of these points footnotes received
positive direction of the sucrose mass flow at appropriate boundaries neighboring areas.

Setting and solution unsteady heat and mass transfer problems similar to [14] considered
for future constant and variable cases selection thermal characteristics and diffusion mass
transfer coefficient:

I) all the thermal characteristics in the non-stationary heat transfer problem calculation and
the diffusion coefficient in the non-stationary diffusion mass transfer problem calculations is
constant in all sucrose solution areas;

I) all the thermal characteristics in the non-stationary heat transfer problem calculation and
the diffusion coefficient in the non-stationary diffusion mass transfer problem calculations is
constant in all sucrose solution areas:

11, a) at every calculating time step all variable thermal characteristics (density, the thermal
conductivity and the heat capacity) in all regions depend only on the current (variable)
temperature of the corresponding cell.

In calculating non-stationary mass transfer problem the diffusion mass transfer coefficient
in sucrose solution areas depended only on the current (variable) temperature corresponding cell.

A concentration of sucrose content in each area was fixed and taken an equal (steel) content
of sucrose concentration in massecuite at a given relative time /1.

11, b) as in the previous paragraph in the calculation of non-stationary heat problem at every
step of calculating time-variable thermal properties (density, thermal conductivity and heat
capacity) in all regions dependent only on the current (variable) temperature corresponding cell.

In calculating non-stationary mass transfer problem the diffusion mass transfer coefficient
in sucrose solution areas are dependent on current (variable) temperature and the current
(variable) sucrose content in each respective region at this time relative t/t..

11, ¢) the non-stationary heat problem calculation at every step of calculating time thermal
characteristics (only density and heat capacity) in all regions dependent only on the current
(variable) temperature corresponding cell. All other parameters change (factors) are dependent
on the density and heat capacity were fixed for each respective region at this time relative t/z..

At every step of calculating time a variable thermal conductivity in the areas of both sugar
crystals and massecuite depend only on the current (variable) temperature. Current solids
content in the cell massecuite was fixed (constant) in this relative time t/t..

At every time calculating step a variable thermal conductivity in areas sucrose solution
depends on the current (variable) temperature and current of dry matter content in each
respective field of cell sucrose solution.

At every time calculating step a variable thermal conductivity in areas sucrose solution
depends on the current (variable) temperature and current of dry matter content in each
corresponding sucrose solution area cell.

In calculating non-stationary mass transfer problem at every calculating time step variable
mass transfer diffusion coefficient in sucrose solution areas depends on the current (variable)
temperature and the current sucrose content in each corresponding area cell sucrose solution.
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Formulation of non-stationary heat conduction problems for the steady case (I) and
variable cases (II, a and II, b) thermal characteristics and methods of solving such problems
by numerical methods was discussed in detail in [13].

Production of non-stationary heat conduction problems for the variable case (I, c)
thermal characteristics and methods of solving such problems by numerical methods was
similar to the method considered in [13].

Production of non-stationary diffusion mass transfer problems in the steady case (I)
and variable cases (II, a and II, b) thermal characteristics and methods of solving such
problems by numerical methods similar to that discussed in detail in [14].

Formulation of unsteady three separate tasks diffusion mass transfer in the variable
case (II, ¢) thermal characteristics and methods of solving such problems by numerical
methods was discussed in detail in [14].

Remind once again, that [14] considered three separate simultaneous solution of of
unsteady diffusion mass transfer problems with a solution of non-stationary heat problem.

On the basis of these three unsteady diffusion mass transfer problems [14] write the
following equation to determine the diffusion mass flow in the sucrose solution boundary.

Note that previously put the diffusion mass flow value j,,,, ((mn) = {01; 21; 23; 34; 54;
56; 67}) calculated per unit area and its dimension in this paper is kg/(m?sec).

Consider the issue of boundary conditions formation for each area that reflects the
appropriate cell sucrose solution.

First, we note the following. We accept that the concentration value at each border
sucrose solution region in contact with the appropriate crystal sugar equals the saturation
concentration sucrose solution. The value is calculated saturated concentrations at the
current temperature of the crystal surface, which is in contact this sucrose solution area.

This applies to all sucrose solutions areas for all three specific unsteady diffusion mass
transfer problems.

Thus, the first unsteady diffusion mass transfer problem, which concerned one area on
the left border of the diffusion mass flow is absent. This fact get from a physical point of
view, because there is one area in contact with the heating tubes surface, which is not
leading mass.

As a result, we get the following equation:

=0- (1

x=0

' oC,
Joo ==p(4,Pr;,DS,) 'Dl(t"cxl)a_xl

As in the previous case, it was assumed that the diffusion mass transfer area between
sucrose solution region 6 and massecuite region not happens (or is so small that it can be
ignored):

. aC
Jer :—pé(té,Pl‘é,Dsé)'Dé(lé,cxﬁ)a—; —0- )

All other sucrose diffusion flows at the diffusion mass transfer processes were
calculated based on the following equation:

. oC,
Joi :_pl(tl’Prl’Dsl)'Dl(tlacxl)a_xl )

x =1
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. oC
Jn = —p5(4, Pr;,DS;) ~D3(l‘3,CX3)6—3 (4)
Xlx=1+1,
. oC.
Jzs =—P5(t;,Pry,DS;) - Dy(1;,Cx,) — =
X x:ZI+ZZ+Z3 (5)
oC
=-p,(t,,Pr,,DS,)-D,(t,,Cx,)—
aA’x:Z,+ZZ+Z3
. oC
Jss = —P4(1,,Pr,,DS,) ~D4(l‘4,CX4)6—4 (6)
Yix=L+L+1+],
. oC,
Js6 = _Pﬁ(tﬁ’Prﬁ’DS(,)'Dﬁ(tﬁ’cxﬁ)a_xﬁ ()

x=L+L+L+1+1

To calculate the diffusion mass flow values j,.., (m= 2, 3, 5, n= 1, 3, 4, 6, m#n), the
equations (3)—(7) also applied numerical simulation. In applying of numerical methods the
equations (1)~(7) conducted approximation for the first and second order accuracy.

Note that in this study the results of diffusion flows calculations between sucrose
solution areas using a second-order approximation.

As in [12, 13,14], the initial temperature of the system cells (Fig. 1) assumed equally to
all areas simultaneously and equal 75°C.

As in [12, 13,14], the initial concentration for each area between the crystal sucrose
solution calculated with a coefficient supersaturation S = 1. Thus, it shall be taken as in the
saturation concentration state under already accepted the initial temperature and equal to
77,594%.

The temperature of the heating tube’s inner wall assumed constant over the tube entire
height and equal 100 °C.

Also, [14], it is assumed that between areas 3 and 4 sucrose solutions entire system cells is
a perfect law of mass transfer.

Thus, in this case, as cases [12, 13, 14] were applied numerical methods using well-
known methods of controlling volume [20, 21].

Discretization in time was At, = 0,01 s.

The coordinate discretization for each area 1-6 was uniform, and for the area 7 (Fig. 1)
massecuite was uneven.

Each region separately (Fig. 1) smashed on the corresponding control volumes number:
n; =n3; =ny =n¢= 10, n, =ns =20, n; = 100.

The cells values are accepted the following sizes: a., | = 5,0-10" m, O 1 = 4,29-10° m,
Aoy = 2,510 m, 8, , = 3,73:10° m, a,,; = 4,83896-10 m.

Based on the calculations [18], the end contact time of the cell system with the heating
tubes wall for boiling relative time t/t. = 0,15 is .. = 3,95 sec, and with t/t.= 1,0 is
Teena = 07,93 sec.
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Results and discussion

The calculations for the above-mentioned non-stationary heat conduction problems and
three non-stationary diffusion mass transfer problems were conducted for all areas of
system cells the following values relative sugar massecuite boiling time t/t, = 0,15; 0,2;
0,3;0,4;0,5; 0,6;0,7;0,8; 0,9; 1,0.

Because of limited volume in this paper are given only two cases relative boiling sugar
massecuite time T/, : at the winding crystals time (t/t. = 0,15) and complete the boiling
sugar massecuite time (t/t= 1,0).

The unsteady sucrose diffusion mass flows distribution calculations results in an
appropriate areas border 1, 3, 4, and 6 (Fig. 1) sucrose solution at t/t.= 0.15 are given:

o diffusion mass flow j,; substances (sucrose) from region 2 (first crystal) to the
sucrose solution region 1 —in Fig. 2;

o diffusion mass flow j,; substances (sucrose) from region 2 (first crystal) to the
sucrose solution region 3 —in Fig. 3;

o diffusion mass flow j34 substances (sucrose) from the sucrose solution region 3 to the
sucrose solution region 4 — in Fig. 4;

o diffusion mass flow js4 substances (sucrose) from the region 5 (second crystal) to
sucrose solution region 4 — in Fig. 5;

o diffusion mass flow js¢ substances (sucrose) with region 5 (second crystal) to sucrose
solution 6 —in Fig. 6.

0,003 ~

0,002

0,001

0 T T T T
0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0
t, sec

Fig. 2. Sucrose diffusion mass flow j,; on the boundary (Fig. 1) region 2 (the first sugar crystal)
and region 1 (sucrose solution) depending on the contact time t system cells from the inner
surface of the heating tubes with a relative time massecuite boiling t/t1.=0,15;

[value j,;>0 if the substance (sucrose) is transferred from the region 2 (the first sugar crystal) in

X the region 1 (sucrose solution)].

Designations:
1 — all thermal characteristics and diffusion mass transfer coefficient are a constant (option I);
2 —thermal characteristics and diffusion mass transfer coefficient are variables (variant II, a);

3 — thermal characteristics and diffusion mass transfer coefficient are variables (variant II, b);
4 — thermal characteristics and diffusion mass transfer coefficient are variables (variant I, c);
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Fig. 3. Sucrose diffusion mass flow j,; on the boundary (Fig. 1) region 2 (the first sugar crystal)
and region 3 (sucrose solution) depending on the contact time t system cells from the inner
surface of the heating tubes with a relative time massecuite boiling t/t.=0,15;

[value j,3>0 if the substance (sucrose) is transferred from the region 2 (the first sugar crystal) in

the region 3 (sucrose solution)]. ‘Designations the same as in Fig. 2.
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Fig. 4. Sucrose diffusion mass flow j,; on the boundary (Fig. 1) region 3 and region 4 (sucrose
solutions both) depending on the contact time t system cells from the inner surface of the

heating tubes with a relative time massecuite boiling t/t=0,15;

[value j;,>0 if the substance (sucrose) is transferred from the region 3 (sucrose solution) in the

region 4 (sucrose solution)]. “Designations the same as in Fig. 2.
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0 ‘
0,0 0,5 1,0 1,5 2,0 25 3,0 3,5 4,0
t, sec
Fig. 5. Sucrose diffusion mass flow js4 on the boundary (Fig. 1) region 5 (the second sugar
crystal) and region 4 (sucrose solution) depending on the contact time t system cells from the
inner surface of the heating tubes with a relative time massecuite boiling t/t.=0,15;

[value js,>0 if the substance (sucrose) is transferl;ed from the region 5 (the second sugar crystal)
in the region 4 (sucrose solution)]. Designations the same as in Fig. 2.
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Fig. 6. Sucrose diffusion mass flow js; on the boundary (Fig. 1) region 5 (the second sugar
crystal) and region 6 (sucrose solution) depending on the contact time t system cells from the
inner surface of the heating tubes with a relative time massecuite boiling t/t.=0,15;
[value js¢>0 if the substance (sucrose) is transferied from the region 5 (the second sugar crystal)
in the region 6 (sucrose solution)]. Designations the same as in Fig. 2.
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Finally, we present the calculations results of unsteady sucrose diffusion mass flows
distribution in sucrose solutions in an appropriate areas border 1, 3, 4, and 6 (Fig. 1)
sucrose solution at t/t.= 1.0:

o diffusion mass flow j,; substances (sucrose) from region 2 (first crystal) to the
sucrose solution region 1 —in Fig. 7;

o diffusion mass flow j,; substances (sucrose) from region 2 (first crystal) to the
sucrose solution region 3 —in Fig. §;

o diffusion mass flow j34 substances (sucrose) from the sucrose solution region 3 to the
sucrose solution region 4 — in Fig. 9;

o diffusion mass flow js4 substances (sucrose) from the region 5 (second crystal) to
sucrose solution region 4 — in Fig. 10;

o diffusion mass flow js4 substances (sucrose) with region 5 (second crystal) to sucrose
solution 6 — in Fig. 11.

S 0,0012

v 1

"E 0,0010 1§42

k)

¥4

= 0,0008
0,0006 \
0,0004
0,0002 |

3
0,0000 4
0 10 20 30 40 50 60 70

t, sec

Fig. 7. Sucrose diffusion mass flow j,; on the boundary (Fig. 1) region 2 (the first sugar crystal)
and region 1 (sucrose solution) depending on the contact time t system cells from the inner
surface of the heating tubes with a relative time massecuite boiling t/71.=1,0;

[value j,;>0 if the substance (sucrose) is transferred from the region 2 (the first sugar crystal) in
the region 1 (sucrose solution)].

"Designations the same as in Fig. 2.
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Fig. 8. Sucrose diffusion mass flow j,; on the boundary (Fig. 1) region 2 (the first sugar crystal)
and region 3 (sucrose solution) depending on the contact time t system cells from the inner
surface of the heating tubes with a relative time massecuite boiling t/t.=1,0;

[value j,3>0 if the substance (sucrose) is transferred from the region 2 (the first sugar crystal) in
the region 3 (sucrose solution)]. ‘Designations the same as in Fig. 2.

T 0,000015
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£ 0000010
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Fig. 9. Sucrose diffusion mass flow j,; on the boundary (Fig. 1) region 3 and region 4 (sucrose
solutions both) depending on the contact time t system cells from the inner surface of the
heating tubes with a relative time massecuite boiling t/t=1,0; [value j;,>0 if the substance

(sucrose) is transferred from the region 3 (sucrose solution) in the region 4 (sucrose solution)].
Designations the same as in Fig. 2.
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Fig. 10. Sucrose diffusion mass flow js4 on the boundary (Fig. 1) region 5 (the second sugar
crystal) and region 4 (sucrose solution) depending on the contact time t system cells from the
inner surface of the heating tubes with a relative time massecuite boiling t/t1.=1,0;

[value js,>0 if the substance (sucrose) is transferred from the region 5 (the second sugar crystal)
in the region 4 (sucrose solution)]. “Designations the same as in Fig. 2.
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Fig. 11. Sucrose diffusion mass flow jss on the boundary (Fig. 1) region 5 (the second sugar
crystal) and region 6 (sucrose solution) depending on the contact time t system cells from the
inner surface of the heating tubes with a relative time massecuite boiling t/71.=1,0;

[value js¢>0 if the substance (sucrose) is transferred from the region 5 (the second sugar crystal)
in the region 6 (sucrose solution)]. “Designations the same as in Fig. 2.
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As can be seen from the graphs diffusion mass flows of sucrose:

e Fig. 2 and Fig. 7 the value j,;>0 for all the calculations cases (ie, constant thermal
coefficient case (I) and variable thermal coefficient (I, a), (II, b) and (II, ¢)). That is the
solute (sucrose) transfer from region 2 (the first sugar crystal) in region 1 (sucrose
solution). Thus, under these conditions the first crystal dissolves. This result could be
expected, because, recall, supersaturation coefficient in this study was taken to 1. Further,
as shown in (Fig. 2, Fig. 7), diffusion mass flow for all versions calculations differ little
between them. Also shows that in both cases /1. = 0,15 and t/t. = 1,0 at the outlet of the
heating tube diffusion mass flow is almost close to zero, ie, disappears.

¢ Fig. 3 and Fig. 8 the value j,3>0 for all the calculations cases ((I), (II, a), (I, b) and
(I1, ¢)). That is the solute (sucrose) transfer from region 2 (the first sugar crystal) in region 3
(sucrose solution). Thus, under these conditions the first crystal dissolves also. Further, as
shown in (Fig. 3, Fig. 8), diffusion mass flow in variant (I) and (II, a), calculations differ
little between them. As well had differing versions of calculations (II, b) and (I, ¢). In t/t,
= 0,15, as shown in Fig. 3, the output of the heating tube diffusion mass flow is 51-67% of
the its maximum value. Also shows in the case 1/, = 1,0 at the outlet of the heating tube
diffusion mass flow is almost close to zero, ie, disappears.

¢ Fig. 4 and Fig. 9 diffusion mass flow j34 calculations in different variants ((I), (11, a),
(II, b) and (II, c)) has the largest difference from each other. Note that the calculations
results for options (I) and (II a) almost coincide with each other (Fig. 4, Fig. 9).
Calculations for variants (II b) and (II a) and almost identical to each other.

Note that in Fig. 4 clearly shows that the first j34<0. That is, transfer agents (sucrose)
from the field 4 (the first crystal sucrose solution) in region 3 (the second crystal sucrose
solution). Around the time t.=2 s is reached their minimum.

For calculation options (I, b) and (I, ¢) the sucrose diffusion mass flow value is close
to zero, and the substance transfer direction remains the same.

Since at time 1.=2,58 s for calculation options (I) and (II a) carrying direction changes
to the opposite sucrose as j33>0. So sucrose begins transferred from region 3 (the first
crystal sucrose solution) in 4 (the second crystal solution sucrose).

Further, in Fig. 9 clearly shows that at first substance (sucrose) is transferred also from
the region 4 (the first crystal sucrose solution) in region 3 (the second crystal sucrose
solution). Approximately at time t=2 s is reached their minimum.

Then the situation is reversed. In other words, sucrose begins transferred from the
region 3 (the first crystal sucrose solution) in 4 (the second crystal sucrose solution). For
calculation options (I) and (II a) value j34 reaches its maximum respectively at time
17~=11,39 sec and 1.=12,06 sec. For calculation options (I, b), and (I, ¢) the value of j34
reaches its maximum respectively at time 1.=19,43 sec and t.=20,10 sec. Further, in all the
calculations cases after reaching its maximum sucrose diffusion mass flow start to decrease
to the leaving heating tube time.

The research at t/1.=0,15 showed that the ratio of the minimum diffusion mass flow
value j34,min (between regions 3 and 4 both sucrose solutions) compared with the maximum
diffusion mass flow value j,3m.x (from region 2 (the first crystal) in region 3 (sucrose
solution)) and value js4max (from region 5 (the second crystal) in region 4 (sucrose
solution)) for different calculation variants is:

within 0,49-0,58% for the calculation option (I);

within 0,50-0,59% for the calculation option (I, a);

within 1,26—1,49% for the calculation option (II, b);

within 0,82—0,98% for the calculation option (11, ¢).
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The research at t/t.=0,15 showed that the ratio of the maximum diffusion mass flow
value j34,max (between regions 3 and 4 both sucrose solutions) compared with the maximum
diffusion mass flow value j,3mx (from region 2 (the first crystal) in region 3 (sucrose
solution)) and value jsq,mx (from region 5 (the second crystal) in region 4 (sucrose
solution)) for different calculation variants is:

within 2,52-2,95% for the calculation option (I);

within 2,68-3,14% for the calculation option (II, a);

within 1,64—1,93% for the calculation option (II, b);

within 1,45-1,71% for the calculation option (11, ¢).

Most importantly, in this paper for the first time found that the process dissolved
sucrose flow from one solution cell to another really happening (even supersaturation factor
equal to 1). Also for the first time obtained a quantitative diffusion mass flow value js4
between sucrose solutions cells (Fig. 4, Fig. 9).

¢ Fig. 5 and Fig. 10 the value js4>0 for all the calculations cases ((I), (II, a), (II, b) and
(II, ¢)). That is the solute (sucrose) transfer from region 5 (the second sugar crystal) in
region 4 (sucrose solution). Thus, under these conditions the second crystal dissolves also.
This result could be expected, because, recall, supersaturation coefficient in this study was
taken to 1. As shown in (Fig. 5, Fig. 10), diffusion mass flow in variant (II, b) and (II, c)
calculations differ little between them.

¢ Fig. 6 and Fig. 11 the value js¢>0 for all the calculations cases ((I), (II, a), (II, b) and
(IL, ¢)). That is the solute (sucrose) transfer from region 5 (the second sugar crystal) in
region 6 (sucrose solution). Thus, under these conditions the second crystal dissolves also.
As shown in (Fig. 6, Fig. 11), diffusion mass flow in variant (II, b) and (I, c) calculations
differ little between them.

Thus, as in [14] can also be concluded that variants calculations (II, b) and (I, c)
coincide with each other. Thus, based on the unsteady diffusion mass flow calculations
between the system cells components also may be advisable in future to carry out
calculations is the variable thermal characteristics case, variant (11, b).

Conclusions

In this work was the non-stationary sucrose diffusion mass flow calculation was
conductedfor sucrose solution cells from the «larger sugar crystal-larger sugar crystal
sucrose solution—less sugar crystal sucrose solution—smaller sugar crystal-massecuite»
system cells depending on the boiling sugar massecuite time.

The results is obtained from the simultaneous non-stationary heat conduction problems
and three of unsteady diffusion mass transfer problems system solution by numerical
methods.

Calculations were made for relative boiling sugar massecuite time t/t. = 0.15; 0.2; 0.3;
0.4;0.5;0.6;0.7;0.8;0.9; 1.0.

This paper presents the results only for two cases relative boiling time: t/t.=0,15
and t/t. = 1,0.

For each options of /7. in this paper considered four different computing variants:
with constant (variant I) and three variants (II,a, II,b and II,c) with wvariable
thermophysical characteristics and the mass transfer diffusion coefficient.

With further research to create a mathematical model of crystallization process
according to the author should choose the formulation and solution of non-stationary heat
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conduction problems and mass transfer in the case of variable thermal characteristics of the
option (II, b). This is the match the real physical process of mass sucrose crystallization of
these variants (I), (11, a), (I, b), although it will concede variant calculations (I, c).

Most importantly, in this paper for the first time found that the dissolved sucrose flow
process from one cell to another solution really is. Also for the first time were evaluated
quantitative unsteady diffusion mass flow magnitude between sucrose solutions cells one
and other sugar crystals (Fig. 4, Fig. 9).

The unsteady diffusion mass flow calculations results needed in the future directly for:

o the number between cells sucrose transferred values between sucrose solution for one
and second sugar crystal;

o the number of sugar crystal that will crystallize (or dissolve) in each sugar crystal cell
of the considered system cells.

The system consists of two sugar crystals, each of which is surrounded by a
corresponding sucrose solution amount.
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Introduction. The aim of this study was the
intensification of the aeration of culture media in a
fermenter by the method of discrete — pulse input of energy,
which is being implemented in a rotor — pulsating apparatus.

Materials and methods. The process of aeration of
culture media in the technology of yeast Saccharomyces
cerevisiae growing by discrete — pulse energy input. The
mass transfer rate of oxygen was determined by the number
of yeast biomass grown for cultivation period.

Results and discussion. During the experiments on
cultivation of yeast on molasses solutions the mass transfer
rate of oxygen dependence on the angular rate of the rotor
unit in the culture medium with a solids content of 3 — 10%
was determined. With the reduction of the solids content
from 10 to 5% by treatment with an angular rate of rotor of
48 rps, the mass transfer rate is increased by 1.9 times. As
the frequency of the flow pulsations increases from 2 to 3.85
kHz, mass transfer increases from 4 to 6.3 g / 1 per h at
solids content — 3% and from 2,2 to 4 g /| per h at solids
content — 10%. A further increase of the frequency of
pulsations leads to inactivation of the yeast cells. It was also
found that the optimal value of the flow shear rate is 90 —
100 - 10° s,

Conclusions. The results of this study suggest that the
use of the DPIE method in absorption technologies can
significantly intensify the processes of mass transfer.
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Introduction

The dissolution of sparingly soluble gases in technological liquids is an essential
process in a number of food industry plants. Thus, the process of oxidation of technological
water with oxygen contained in the air during water treatment of alcohol, brewing and other
industries allows to remove from the water undesirable impurities such as iron, manganese,
hydrogen sulfide. Wastewater treatment alcohol and brewing industries, causing biological
pollution, also occured by chemical and biological oxidation of waste. Aeration of the
culture media used in biological productions during culturing aerobic microorganisms.
Oxygen breathing of organisms, being an order of magnitude more energetically favorable
than the alcoholic fermentation, is at the heart of the process of growing biomass of yeast
for bakery, alcohol industry, brewing, etc [1]. The main problem to be solved in the process
of yeast growing is to provide a sufficient number of cells of dissolved oxygen during the
entire culture period. The low equilibrium concentration of dissolved oxygen in water and
nutrient media at a temperature of the process (30 °C) with a high rate of oxygen
consumption by yeast cells is a constant need for supplying oxygen in the air into the
culture medium.

Literary analysis

By the process of aeration of culture media continued interest displayed by the
scientific community. It focuses on two aspects — the study of the impact of aeration on the
growth or production of target metabolites by microorganisms, as well as ways to change
the characteristics of mass transfer operation of the aeration devices [2—4].

Air flow rate passing through the culture medium in the bubble machines, mainly used
for process of yeast growing an achieve significant volumes [5]. This is related to the fact
that occurring during the bubbling air bubbles coalesce quickly, substantially reducing the
surface contact between the phases. In addition, the terms of flow aeration process such that
the mass of yeast unevenly distributed over the volume of the apparatus, which has a
negative impact on results of process. The process of dissolving oxygen in the culture
media is generally dependent upon the difference of oxygen concentration in the gas and
liquid phases, the contact area of the phases, as well as hydrodynamic conditions at the
interface. It should be noted that the main resistance to the mass transfer of oxygen has
liquid. The mass transfer resistance inside the gas phase, as well as resistance at the liquid —
cell interface is usually neglected.

Thus, the intensification of the mass transfer process is directed action on each of these
parameters.

One method of providing directional effect on the treated liquid medium in the
dispersion process, dissolving, emulsifying, mixing, catalysis, etc., is a method of discretely
— pulsed power input [6]. The principle of the method consists in that previously entered
stationary and randomly distributed in the working volume energy to accumulate
(concentrate) in the local discrete points of system to achieve the desired effects. The aim
of the method is the intensification of heat and mass transfer and hydrodynamic processes
in technological media, as well as the creation of methods of optimization and control
methods. Realization of the method involves the creation of a large number of uniformly
distributed in a dispersion medium working elements or working elements which transform
the fixed thermal, mechanical or other types of energy in the energy-power pulses, discrete
in time and space. Accompanying these phenomena shock waves, interfacial turbulence,
cavitation, penetrating cumulative microjet, vortices caused at interfaces such as Rayleigh —
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Taylor and Kelvin-Helmholtz instability, which leads a significant increase in the total
surface of phase contact and improve mass and heat transfer processes [7]. The discrete
pulse energy input method is realized in a variety of devices. The most common are the
impulse pulsator, rotary — disk and rotary — pulsation apparatus. The use of each of these
types of devices, as well as the design features of the working parts and processing modes
defined treatment goals, physical — chemical properties of the media, energy consumption.
The use of certain apparatus allows you to boost the role of cavitation, or the role of shear
stress, and so on. This allows to effectively solve technological problems in each particular
case. The discrete pulse energy input method as a method of intensifying mass transfer
processes at the gas — liquid has been applied in biotechnology in aquaculture ponds
aeration processes, the activation of yeast in alcohol production [8-9].

The aim of this work is the intensification of the process of mass transfer of oxygen by
discrete — pulse input energy in a rotary — pulsating apparatus in the fermentation unit at the
aeration of culture media, as well as the effect of this treatment on the process of yeast
growing .

Materials and methods

During the work the process of aeration of culture medium during the process of
growing Saccharomyces cerevisiae yeast growing on molasses solutions in the fermentation
unit with discrete — pulse energy input was studied.

The fermentation unit consists of the following units: the tank — storage, rotor —
pulsation apparatus, loop recycling, the refrigerant circuit, the control and monitoring unit.

Capacity storage tank is a useful volume of 50 liters and serves for the culture medium
processing.

In order to maintain a constant temperature process, the tank is provided cooling
(heating) jacket, containing the inlet and outlet port for connection to the water mains. To
determine the filling of the tank was a level gauge. Inside the tank storage removable inner
glass can be provided, which serves for receiving the treated culture fluid of the
recirculation system.

In the upper part of the tank — storage is welded pipe for the connection of the
recirculation pipe. The cover of a tank — storage provides technologies connections for
input into the workspace seed yeast, nutrients and defoamer, the pressure valve. The cover
is provided with a viewing window. At the bottom of the tank valve drive is provided for
the change of the volume flow.

Rotary — pulsating apparatus is intended for transforming electric energy input by
method DPIE to the physical, hydrodynamic, acoustic impact on the culture medium.

Fully assembled apparatus consist of a disc mounted on a shaft with blades — the
centrifugal pump impeller, a rotary — pulsating unit representing a settling down in the
housing two fixed stator and rotor mounted on the motor shaft. The stator and rotor are in
the form of shells with rectangular slits. Work RPA volume was 1.5-10° m®. The air in the
aeration is supplied through a filter self-priming. The air supply is due to local discharge in
the discharge line. Multiple processing is carried out at the expense of recycling of the
culture medium along the contour of tank-storage — rotary — pulsating apparatus — tank —
storage.

Control and monitoring unit is designed for controlling, monitoring and control of
electrical equipment. The unit consists of a magnetic starter, frequency inverter, ammeter,
electricity meter.
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Oxygen mass transfer rate was determined by equating the rate of oxygen dissolution
rate to its consumption by yeast cells. Taking the position that all the oxygen is consumed
by the cell, it is spent on the process of division of cells the consumption rate is calculated
based on the amount of growth of yeast mass.

This condition allowed to determine the oxygen absorption rate by determining the
amount of biomass of yeast growed during cultivation period.

Methods of obtaining initial data for determining the mass flow rate was as follows.

The tank-storage supplied pre-prepared culture medium. Clarification of molasses
made of acid — cold method. The resulting solution (1: 1, solids content — 37%) diluted with
artesian water to a content of solids content provided program of experiment and was
adjusted to 30 °C temperature.

The solids content was determined by the saccharometer. Preparation nutrient medium
acidified with phosphoric acid to pH 5.0. The solutions of nutrient salts, growth substances
prepared separately.

The tank — storage was filled with mixture of molasses solution and nutrient. Capacity
was determined by the height of the filling level gauge.

Frequency converter sets the frequency of the output shaft speed. After switching on
the device temperature of the medium was adjusted to 30°C. The air valve opened. Prepared
seed yeast was diluted with water to the yeast concentration, provided research program,
and then fed into a tank — storage. After 5 minutes after seeding a sample the culture
medium was taken, which was the control. A determination of yeast biomass, determination
of the number of dead cells was made. Samples were collected during the period of
cultivation for each hour. Temperature of cultivation was maintained by the start of cold
water into the jacket.

Foam height was determined visually through the viewing window. When exceeding
the critical level the oleic acid emulsion into the tank — storage supplied. The concentrated
culture medium (1:1), nutrient growth substances and salt solutions were calculated by the
method based on the intended specific growth rate. Supply of nutrients and growth
substances carried out every half hour throughout the entire period of cultivation.

Obtained mass of yeast was determined by weighing on an analytical balance according
to standard procedure.

The number of dead cells was determined by direct counting in Goryaev chamber.

The main parameters that have changed in the course of processing the culture media,
was the frequency of the flow pulsations and flow shear rate. The first parameter is
determined by the number of slots in the shell and characterizes the frequency of exposure
to the culture medium pulses of pressure generated when slots of the rotor and stator are at
overlapping. The second parameter takes into account the impact of gap between rotor and
stator on processing the culture medium.

Results and discussion

The initial concentration of yeast cells in the culture fluid volume of 30 liters was 20 g /
1. Yeast was cultured for 8 hours. The magnitude of biomass growth per hour was
determined depending on the concentration of yeast biomass at different processing modes.
In Figure 1-3 shows the dependence of the concentration of yeast and quantities of hourly
biomass growth in the processing method DPIE with a variety of flow shear rates.

——VUkrainian Food Journal. 2016. Volume 5. Issue 2 — 371



-Processes and equipment of food productions

100

80 |_|

60

]

40 —
’ :i i i
0 -
0 1 2 3

Fig.1. Yeast concentration dependence of the duration of culturing at a shear rate of flow
of 85,46:10° 5™

Yeast concentration, g/l

4 5 6 7 8
Period of cultivation, h

120

]

100

]

Yeast concentration, g/l
(=]
o

'S
o

N
o
|

—
jii
0 1 2 3

Fig.2. Yeast concentration dependence of the duration of culturing at a shear rate
of flow of 114:10° 5™

4 5 6 7 8

Period of cultivation, h

372 ——VUkrainian Food Journal. 2016. Volume 5. Issue 2 —



-Processes and equipment of food productions

120

]

100

]

80

]

60

Yeast concentration, g/l

40 []
: :i i i
0
0 1 2 3

Fig. 3. Yeast concentration dependence of the duration of culturing at a shear rate
of flow of 125,310’ 5™

4 5 6 7 8
Period of cultivation, h

Based on the obtained data of biomass growth for the last hour the mass transfer rate of
oxygen into the culture media was determined.

Table 1 shows the dependence of the mass flow rate of the angular speed of the rotor at
different solids content in culture medium

Table 1
Dependence of the rate of mass transfer on an angular rate of the rotor
at different solids content
Solids content Angular rate of the rotor, rps

38,2 43 47,75 52,52
10% 34 3,8 4,065 3,82
5% 4,15 4,7 4,88 4,59
3% 5,4 6 6,33 5,9

It should be noted that with increasing angular rate of the rotor from about 38.2 to
47.75 rps rate of mass transfer is increased. It is found that the mass transfer rate depends
on the concentration of solids content in the medium. With decreasing solids content from
10 to 5% by treatment with an angular rate of 47.75 rps the mass transfer rate increases 1.9
times.

In conducting research of interest is the effect on the rate of mass transfer rate the
frequency of flow pulsations at the different solids content (Table 2).

The table shows that the increase frequency flow pulsations from 2 to 3.85 kHz mass
transfer leads to an increase from 4 to 6.3 g /1 per h at 3% of solids content, from 3,0 to
4,88 g/ 1 per h at 5% of solids content and of 2,2 to 4 g /1 per h at 10% of solids content. A
marked increase in the frequency of pulsation leads to a "tightening" mode of operation,
which negatively affects the dynamics of the growth of yeast.
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Table 2
Dependence of the rate of mass transfer on frequency flow pulsations at different solids content

Solids content Frequency of the flow pulsations, kHz
2 2,483 2,865 3,15
10% 2,2 3,6 4,065 3,82
5% 3,0 4,5 4,88 4,59
3% 4 5,8 6,33 5,9

When determining the effect of DPIE mechanisms on the rate of mass transfer is an

important factor a gap between rotor and stator , which takes into account the influence of
an indicator such as the flow rate of the shift, which is defined as the ratio of flow rate
radially to the thickness gap between rotor and stator.

Experimental data showing the dependence of the flow shear rate on the rate of mass
transfer at different solids contents in medium shown in Table 3.

Table 3
Dependence of the rate of mass transfer on flow shear rate at different solids content

Solids content Flow shear rate, -10° s
57 85,46 114 125,3
10% 1,6 3.4 4,065 3,82
5% 2,5 4,35 4,88 4,59
3% 34 5,4 6,33 5,9

As in previous studies have shown that an increase in the flow shear rate of mass
transfer rate increases, but the increase in value of this magnitude leads to a need for small
(less than 100 micron) gap, which is technically difficult to implement. The optimum range
is the shear rate of flow is within 90 — 114 - 10° s'. The table also shows that an increase in
solids content of the medium the mass transfer rate decreases.

High values of the growth rate on the dilute media suggests that the oxygen in such
media dissolves better, however, the rapid uptake of yeast weight carbonaceous nutrient
forced feeding fresh medium practically continuously, which creates a certain difficulty in
maintaining a stable growth dynamics, thus the initial concentration of solids in the culture
medium should not be below 10%.

Reduced oxygen consumption rate by increasing the frequency of flow pulsations and
flow shear rate associated with increasing numbers of dead cells, which is confirmed by
data obtained by microscopy.

Conclusions

DPIE mechanisms controlling and changing the design features of the rotary —
pulsating apparatus, it is possible to influence the rate of mass transfer of oxygen into the
culture medium. This can be explained with decrease by the mean diameter of the air
bubbles in the space between the working parts of apparatus that greatly increases the
contact area of the interface.

Increasing the mass flow rate of 4.1 g / 1'h allows to intensify the process of
cultivation of yeasts, namely to reduce the process time duration from 12 to 8 hours and to
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increase the final concentration in the yeast in 2 times compared to the conventional
technology.

Increasing the degree of exposure on culture medium a flow shear rate higher then

114-10* s™" leads to decrease in the yield of finished product. This may be due to the fact
that increased physical and hydrodynamic effects in the apparatus leads to the inactivation
of some cells.

10.

11.
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Introduction. The use of corrugated tubes is an effective
method of intensification of heat transfer in tubular heat
exchangers, but there is currently no universal method of
calculation and design of such heat exchangers.

Materials and methods. The heat transfer characteristics of
flexible corrugated stainless steel tubes with different corrugation
profile were studied. The laboratory stand is a "tube in tube" type
heat exchanger with outer smooth tube and inner corrugated tube,
equipped with sensors for measuring temperature and hydraulic
flow parameters.

Results and discussion. The research of heat transfer and
hydrodynamics in the "tube in tube" type heat exchanger with a
corrugated inner tube found considerable intensification of heat
transfer compared with traditional smooth tube heat exchanger in
the range of Reynolds numbers from 4000 to 40000. The
increasing of heat transfer coefficient was from 2.0 to 2.6 times
during the increase of the hydraulic resistance in 1,9...2,0 times. It
was found that the tubes with the small corrugation height and the
big corrugating pitch (height/pitch ratio — 1.9/4.0 mm) have 15...
20% higher convective component of the heat transfer coefficient
in comparison with tubes with the higher corrugation height and
the small corrugation pitch (height/pitch ratio — 2.4/3.2 mm) under
identical flow conditions.

Two-dimensional axially symmetric computer model of the
unit cell of the heat exchanger was developed to estimate the effect
of the tube geometry on the intensity of the heat transfer process.
Numerical simulation of hydrodynamics and heat transfer in the
unit cell channel showed that mathematical calculations are quite
close to the experimental studies.

The heat exchanger with capacity of 350 kW for the
administrative building heating is designed and engineered using
criterial dependences. The experimental operation of the heat
exchanger confirmed the effectiveness of the proposed technical
solutions.

Conclusions. The using of corrugating tubes allowed to increase
the heat transfer coefficient. The received criterial dependences allow
to calculate and optimize the process of heat transfer in a tubular heat
exchanger with flexible corrugated pipes.
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Introduction

Heat exchangers play an important role in industrial power system. It is a great group
of heat-power equipment with considerable industrial areas and often 20% or more of the
total cost of equipment used in thermal power, chemical industry, refining industry, food
processing industry, utilities and other industries [1].

Creation of modern heat-exchange equipment is the complicated and multiplane
purpose. The expansion of activities focused on the intensification of heat exchange,
reducing the weight and dimensions of heat exchangers, increasing their productivity is
needed to decrease energy and material consumption as well as saving the cost of heat
exchange equipment. The real rationalization of heat exchanger design is considered nearly
exhausted today [2].

Heat treatment of liquid products in tubular heat exchangers is often used in the food
industry [3]. The high heat transfer performance and low flow resistance losses, compact
size and lightness are the main requirement for heat exchangers. The achievement of these
requirements is only possible using the intensification of heat exchange.

The intensification of heat exchange is one of the most important directions for
development of modern heat-exchange equipment. The intensification of heat exchange is
usually of interest providing gain in cost in comparison with standard samples. The method
of intensification depends on the availability of materials, safety and reliability. The
correlation properties of heat exchangers are presented in Figure 1.

Design of the heat exchange surface

I I

‘ Heat-transfer coefficient ‘ ‘ Flow resistance ‘

Il Il
‘ Heat transfer Power loss ‘
‘ Volume Wmetals usage }47

1
Workability o
Il

‘ Weight

| Cost price Contamination —
Il

‘ Reliability and durability Repairability }47

‘ Overall evaluation Performance stability }4—

Fig.1. Correlation properties of heat exchangers

The scientific works of foreign and native scientists are constantly studied for search of
methods of heat exchange intensification [4—11]. The methods of passive heat exchange
intensification and the use of developed heat exchange surfaces are widely applied today.
No universal methods and no criteria are developed for efficiency assessment of the heat
exchange surfaces. Further in-depth study of the thermal and hydrodynamic processes
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occurring in the developed heat exchange surfaces is required in order to obtain general
dependences for calculating the thermal and hydraulic characteristics and to evaluate their
efficiency.

The efficiency of the surface itself, its manufacture adaptability, technological
efficiency of the heat exchanger, strength requirements, and surface contamination is
necessary to consider choosing the method of heat exchange intensification for the practical
application.

Materials and methods

Thin-walled corrugated flexible stainless steel tubes of various modifications are
produced by a number of domestic companies today (Figure 2). These tubes are relatively
cheap and used extensively for hot and cold water supply systems, heating systems and gas
consuming equipment [12].

| !

i I'."I!T:"Il' !I";I"""I.'Pl.'ll l:'.;"..s L
R ETEERREEE AT T EY T (] /
| L i‘ l! !1 { |! 'l'rll r_I !1 !‘r“I'

Dn 12(mp)

Fig. 2. Thin-walled corrugated tubes of various modifications
1 — Tube Dn12 with wide pitch distance of discrete vortex generators;
2 —tube Dn12 with medium pitch distance of discrete vortex generators

The corrugated tubes are not afraid of defrosting and water stress, compensate linear
expansion and can operate at temperatures up to 150 °C and pressure of 25 kg/cm?. These
tubes are long service life due to the corrosion resistance and high tube strength and
characterized by reliability and resistance to external and internal mechanical and hydraulic
loads due to the material properties, high flexibility and elasticity.

The use of corrugated tubes of various modifications is the effective way to improve
the thermal and hydraulic characteristics of heat exchangers. The corrugated tubes provide
turbulence near the surface of the tube wall reducing the thickness of the thermal boundary
layer. There is improved mixing of the liquid near the tube wall, due to detached
disturbance from the wall to the main stream, and as a result the overall heat transfer
coefficient of heat exchange systems is increased (see Fig. 3).
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Fig. 3. Scheme of flow formation in tubes of various geometries:
a — smooth tube; b — tube with discrete vortex generators.

The test laboratory stand was created to research experimental models of heat
exchangers and to determine their performance. (Fig. 4) The stand was equipped with a
tubular heat exchanger type "tube in tube" with a corrugated inner tube (with replacement
tubes with other geometry) 2. The water meters 5, 11 (vane) to measure the flow of hot and
cold coolant were installed at the stand. Thermocouple chromel-kopel (HC) was used for
determining the temperature of the coolant inlet and outlet (in the tube, between and on the
walls of the tube) of the heat exchanger 14. The pressure sensors 12, 13 (DANFFOS
company) for fixing the flow pressure at the inlet and outlet of the heat exchanger tubes
were installed. The analog-to-digital converter (ADC) of the type I-7018 was included to
stand hardware system to ensure the conversion of input signals from the thermocouples
and pressure transducers to digital form and transmitting the data to the computer 15. The
sensors to measure the thermal hydraulic flow conditions were used at the stand. The
comparative analysis of operation modes of the heat exchanger with a corrugated inner tube
(various modifications) and the heat exchanger with a smooth inner tube was carried out
according to the results of experimental studies.
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Fig. 4. Schematic diagram of the laboratory stand for the experimental study of heat transfer in
corrugated tube heat exchangers based on tubes with discrete vortex generators:
1- insulated boiler; 2 — tube in tube heat exchanger; 3 — cold coolant supply valve;
4 — cold coolant feeding; 5 — cold coolant flow meter; 6 — cold water supply valve;
7 — cold water feeding; 8 — hot coolant supply valve; 9 — hot coolant feeding;
10 — hot coolant drain; 11 — hot coolant flow meter; 12, 13 — sensors (DANFFOS company) for

measuring the pressure at the inlet and outlet of the heat exchanger;
14 — thermocouples Chromel-Kopel (CK); 15 — personal computer.

Results and discussion

The results and heat transfer coefficient according to the coolant flow rate in corrugated
tubes comparing with a smooth tube are demonstrated in Fig. 5 — 6. The convective heat
transfer coefficient of corrugated tubes comparing with a smooth tube is considerably
increased under the same flow conditions. The efficiency rise of the heat transfer
coefficient is in the range of 2,0 to 2.6, and goes up with increasing Reynolds number. The
increase of heat transfer is more than growth of hydraulic resistance at the same time.
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of the corrugated and smooth tubes on coolant flow rate:
1 — tube Dn12 with wide pitch distance of discrete vortex generators;
2 — tube Dn12 with medium pitch distance of discrete vortex generators;
3 — smooth tube.
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Fig. 6. Dependence of hydraulic resistance of the corrugated
and smooth tubes on coolant flow rate:
1 — tube Dn12 with wide pitch distance of discrete vortex generators;
2 — tube Dn12 with medium pitch distance of discrete vortex generators;
3 — smooth tube.
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The criterial dependences of the flow inside fold and in the annular fold of the
corrugated tube were obtained in integrating experimental data. As the basic the equation
for the tube flow was used to generalize the experimental data for inner fold of the tubes
with discrete vortex generators:

Pr

w

Pr 0,25

Nu, =C-Re]- Prlg’“(—l"J
, (1
the value of the constant C and the exponent m were determined by the statistical

processing of the experimental data. For this purpose the experimental data was presented
in a logarithmic coordinate system:

Nu,,
0.43 0.25
Prf -(Prf / Prw)

F'=lg =lgC+mlg(Re,) 2

where the experimental data are located near the straight line (Fig. 7) with a constant C =
0.79 and the exponent m = 0,66 in Equation (2).

The value of the exponent m = 0.66 generally corresponds to the transitional regime.
Since the experiments were carried out at Reynolds numbers of more than 9000, it can be
considered that the flow in the corrugated tube was turbulent. Additional processing of the
experimental data was performed in the equation (1) with an exponent m = 0.8 at Reynolds
number.

F*24
2
22 Lot
‘/0,' *
2 QQA.’ 1
—&
1,8 _ : XK )
* - .
1,6
14
1,2
37 3,9 4,1 43 45 4,7
Ig(Red)

Fig. 7. Generalized results of experimental data of heat transfer inside corrugated tube:
1 —equation for the average heat exchange in tubes at the stabilized flow Nu, =0,021- Reg’g- Pr,f;'43 ;

2 — approximation of experimental data.
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The constant C is not constant, as it follows from the represented coordinate system
Fig. 7, and depends on the Reynolds number and is determined by the equations:

Ig(C)=-0.02-1g(Re, ) +0,12 3)

C= 10—0.02-1g(ReJ)+0.l2 (4)
In this case, the equation for the average heat exchange inside fold of tube takes the
following form:

P 0,25
i =107 e
T

w

)

It is used in Figure 8:

Nu,

F"=lg 0.25
Pry*.(Pr,/Pr,) " -Re}*
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Fig. 8. Generalized results of experimental data of heat transfer inside fold of tube with
exponent m = (.8 at Reynolds number

The analogical generalization of experimental data was performed for the average heat
exchange in the annular fold. The results in semi-log plot with the definition of the constant
C and exponent m are shown in Fig. 9. In this case, the constant C is equal to 1.77, and the
exponent m = 1,0.

——Ukrainian Food Journal. 2016. Volume 5. Issue 2 — 383



-Processes and equipment of food productions

F* 2,4

2,2 P

2,0 W“/.

1,8 -

1,6 1

1,4

1,2

1,0

3,5 3,6 3,7 3,8 3,9 4,0 4,1
Ig(Red)

Fig. 9. Generalized results of experimental data of heat transfer inside annular fold:

1 — equation for the average heat exchange in tubes at the stabilized flow Nu, =0,021- Reg’8 . Pr,g‘43 ;

2 — generalizing straight line.

The value of the exponent m does not correspond to the physical heat exchange in the
annular fold because the data was obtained at Reynolds number more of 4000. There is
assumed a turbulent regime in the annular fold despite the low Reynolds number
corresponding to the transition mode during axial flow. Figure 10 shows generalization of
experimental data performed with the exponent m=0.8 at Reynolds number.
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Fig. 10. Generalized results of experimental data of heat transfer inside annular fold of
corrugated tube with exponent i = 0.8 at Reynolds number

384 ——Ukrainian Food Journal. 2016. Volume 5. Issue 2 —



-Processes and equipment of food productions

The equation for the constant C is defined by the relationship in the present coordinate
system:

1g(C)=0.05-1g(Re,)-0,08 (6)
C = 10" e(Res)-008 %

and the equation for the average heat transfer in the annular fold takes the following form:

(®)

Pr

Pr 0,25
Nu, =107 B0 RebS. pro. [_MJ

The results show that the mathematical calculations are quite close to the experimental
research. The obtained criterial dependences allow developing a methodology for
engineering calculations for the design of new effective heat exchangers.

Theoretical and experimental studies show the prospects of this direction and allow
creating effective heat exchangers with thin-walled stainless steel flexible corrugated tubes.
Comparative heat engineering tests of the new heat exchanger 350 kW were successfully
carried out in the administrative building of the IET of NASU.

Conclusions

1. The heat transfer coefficient in new corrugated tube heat exchangers with discrete
vortex generators tubes is 1.1 — 1.2 times more the average value of k for plate heat
exchangers.

2. The metal consumption of new corrugated tube heat exchangers with discrete vortex
generator tubes is almost 1.5 times less compared to plate heat exchanger of the same
capacity.

3. The unit cost of heat exchange surface of corrugated tube heat exchangers is much less
compared to that of plate heat exchangers. It is a significant reserve to reduce the cost
of heat exchange equipment and to create competitive heat exchange systems.
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Introduction. The article deals with the problem of
methodological and practical principles of rating evaluation of
rural regions investment attractiveness.

Material and methods. It was studying the investment
attractiveness of rural areas on the example of Ukraine regions. It
was used synergistic method, the methods of integrated
comparison and evaluation. It was used ranking approach, which
is the most common for the evaluation of investment
attractiveness using index-indicator system.

Results and discussion. The evaluation algorithm of
investment attractiveness of the region was offered. It involves a
sequence of actions by which the first three stages are
preparative; the following four stages are the direct assessment
rating of the region at different levels.

The assessment methodology investment and innovation
attractiveness of regions was offered, which is based on the using
of standardization and rating methods and the using of the
comparison method too. The three-level index-indicator system
of assessing the investment attractiveness of rural areas was
offered. The first stage of which contains the performance
component of investment potential, the second stage contains
indicators of investment risk and the last stage contains the
generalized indicators of investment attractiveness of regions.

On the basis of the rating, we have constructed the typology
of rural areas. Rural areas are represented practically in all rating
groups approximately in the same proportion in relation to the
number of groups and thus represent investment environment
indicators for all regions of Ukraine.

It is defined that the rural investment attractiveness in the
majority depends on the social and economic development. The
type of investment climate 2B (average potential, moderate risk)
includes 6 rural regions; the type 3Bl (reduced potential,
moderate risk) includes 4 rural regions; the type 3B2 (great
potential, moderate risk), 2C (average potential, high risk), 3C1
(reduced potential, high risk) and 3C2 (great potential, high risk)
include 3 rural regions. The regions with the minimal risk (types
1A, 2A, 3A, 1B) according to the calculations are not available.

Conclusion. Based on the analysis of the investment
climate, the distribution of rural regions is represented according
to the investment types. The typology of rural regions is based on
the basis rating.
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Introduction

In the modern conditions of managing the competitive struggle for the attraction of
additional capital sources for stabilization and economic development is constantly
increasing. It is in the process at all economic levels, and especially at the mesolevel or the
level of the regional economy. In the world practice of government regulation of the
regional economy, funds are invested into the most powerful territorial and sectored
groupings which, due to its rapid and profitable growth, help to support necessary market
transformation in the areas with lower or slower level of development. It actualizes the
theme of rating evaluation of investment attractiveness of regions. Moreover private
investors’ important issue is the choice of the most attractive areas of strategic
management, investments into which will allow to recover and increase the initial capital,
that to attract reinvested funds.

Realization of innovative projects, including the national project "State Target Program
of Ukrainian Village Development for the Period up to 2015" provides more active
investment policy. At the same time, the investment processes in agriculture continues to
lag behind other industries. For the years of independence the investment policy of the
government was not aimed at changing the current situation. Normative Acts aimed at
intensifying of investment activities were not implemented. For example, the mentioned
"State Target Program of Ukrainian Village Development for the Period up to 2015" was
not financed and did not fully play the role designated to it. The analysis of the existing
system of AIC state support shows that it is aimed primarily at solving current problems,
and the strategic issues of agricultural development do not find the proper solution.

This policy has led to a decline in the share of fixed capital investments into
agricultural production in Ukraine from 14.3% of the value of gross output in 1991 to 4.5%
in 2010. The "the investment corridor”" providing the optimal level of savings for the
economy in general on a number of assessments should be 21-23% of GDP. In rural areas
the share of investment in 2013 ranged from 0.5 to 16.4% of gross added value produced in
agriculture (GVA in agriculture). More than 10% is in Lviv region (16.4%), Chernihiv
region (12.5%), Cherkasy region (15.1%), Kherson region (12.2%), Mykolaiv region
(11.3%), Zhytomyr region (11, 5%), Odessa and Zaporizhya regions (10.2%). In Lugansk
region it is 9.9%. Less than 5% is Sumy region (4.8%), Chernivtsi region (4.6%),
Transcarpathia region (4.3%), Rivne region (4.1%), the Crimean Republic (3.9%). The
remaining 12 rural areas have from 5 to 10%. Thus, the existing level of investment in
agriculture does not ensure the implementation of innovative projects and is unacceptably
low even in the most rural regions referred to the group with the highest socio-economic
development.

It is known that investment attractiveness is the integrating indicator of the investment
climate in a region. In the implementation of the national rural development projects, a
significant role is given to administrations, and therefore the investment attractiveness of
the region is crucial in attracting investments.

Analysis of recent research

There is a great number of approaches to evaluate the investment attractiveness of
regions, industries and individual businesses currently. Indicators of investment
attractiveness are quite diverse and vary depending on the place of the subject in the
relevant territorial, sector, management hierarchy. The rating approach is one of the most
common in the evaluation practice of investment attractiveness of regions. This approach
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(in the variety of its modifications) is put into the basis of techniques, particularly those
offered by such scientists as I. Blank [1], S. Sonko [2], A. Datsishin [3] etc., expert groups
of the Institute of Reforms, "SOCIS Gallup International", RA “Expert Rating” and others.
[4-8]. Authorities of Ukraine have developed the techniques in the direction of evaluation:
methods of assessing the level of business activity in the region, which is developed by the
Cabinet of Ministers of Ukraine [9]; methods of evaluation of investment attractiveness,
approved by the Ministry of Economy and European Integration of Ukraine; the method of
calculating the integrated regional indices of economic development adopted by the State
Statistics Committee of Ukraine and others.

In regard to administrative entities and industries the investment attractiveness is
determined by the investment climate, which is economic, political, financial conditions
affecting the supply of domestic and external investments into the economy. According to
the classification of A. Ageenko [10] all indicators of investment attraction and economic
entity can be divided into two groups. The first group includes social indicators that
characterize the political climate of the region, the environmental situation, demographics,
ethnic relations, and others. These factors are not amenable to precise quantitative
evaluation, linkage to a particular industry or organization. They characterize the region as
a whole. Different researchers apply subjective expert methods to them when determining
their impact on the overall potential economic entity. The second group is formed by
economic factors contained in the official statistical and accounting records. They help to
assess the production potential, financial results, investment activity, and labor potential of
economic entity. The association of outlined set of multi-level indicators makes the
information base for an integrated assessment of investment attractiveness of the rural
region and its major subsystems.

Material and methods

It was studying the investment attractiveness of rural areas on the example of Ukraine
regions.

It was used ranking approach, which is the most common for the evaluation of investment
attractiveness using index-indicator system.

The evaluation algorithm of investment region attractiveness is proposed, which
provides a certain sequence of actions, according to which the first three stages are
preparatory, and the next four are the direct rating assessment of a region at different levels
(at the level of individual indicators, their groups, associations of these groups and
integrated region assessment). The suggested technique of an estimation of investment and
innovation attractiveness of regions is based on the usage of the methods of standardization
and regulation, as well as on the method of comparison. Synergistic and systematic
approaches are used in the study as well.

Result and discussion

According to existing methods the investment climate of regional agents is evaluated
on the basis of indicators of investment potential and investment risk. Investment potential
takes into account basic macroeconomic characteristics, area saturation factors of
production, consumer demand and other indicators. The value of the investment risk
describes the probability of investments loss and income from them. When calculating the
integrated rankings of a region by the investment potential and risk, expert assessments of
potential components and risk are used as well as the rejection of risk components of a
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region on average. Final ratings define sequence numbers of regions so that the smaller the
number, the higher potential and thus the lower risk (the first number corresponds to the
highest potential and the lowest risk). In cases where the actual values of statistical
parameters of several regions are the same, the entire group is assigned an average rating
value.

The summary typology of regions based on the investment climate is offered in the
following stratification:

Type 1 A. Maximum potential — minimum risk.

Type 2A. Average capacity — minimum risk.

Type 3A. Low potential — minimal risk.

Type 1B. High potential — moderate risk.

Type 2B. Medium potential — moderate risk.

Type 3B1. Decreased potential — moderate risk.

Type 3B2. Minor potential — moderate risk.

Type 2C. Average capacity — high risk.

Type 3C1. Decreased potential — high risk.

Type 3C2. Minor potential — high risk.

Type 3D. Low potential — extreme risk.

For the current situation when it is necessary to develop investment policies at both the
national and regional levels, it is important to evaluate how the introduced indicators and
rankings affect the real actions of investors. This research was conducted by G. Untura
[11]. The investment activity in the part of the actually made investments was measured by
the size of domestic and, separately, foreign investments per capita of regions. These values
served as dependent variables in the equation of regression where the independent variables
were either investment potential or investment risk. Calculations, carried out on the
materials of 1990-2013, for each year individually, revealed statistical dependency
significance, increased reaction of investors on ratings given and adequate perception of
them (with some lag). The expediency of regular adjustment of methods of ranking
calculating with the change of socio-economic and political situation in the country was
also noted. Among the shortcomings of the methodology the incomplete set of indicators
which are calculated on the basis of ratings of regions' investment attractiveness and
possible subjectivity of expert assessments in the indicator calculation have been marked.

In regard to the abovementioned, we proposed the algorithm for the evaluating of the
region investment attractiveness, which provides a sequence of actions, according to which
the first three stages are preparatory, and the next four are direct rating assessment of the
region at different levels (at the level of individual indicators, their groups, associations of
these groups and complex estimation of the region). Thus, the main stages of the proposed
algorithm for evaluation of investment attractiveness of the region are:

1 — establishing of eight evaluation criteria of investment attractiveness of a region (its
general economic development, financial support of the economy, innovation and
investment and social development as well as the development of regional infrastructure,
efficient use of production resources and business activity), forming of eight groups of
indicators that correspond to the mentioned criteria (six groups of absolute indicators to
characterize the level of socio-economic development of the region and two groups of
relative indicators for the detection of the efficient usage of fixed types of resources in the
region;

2 — identifying and averaging the actual level (or standardized values) of each of the
output indicators used to evaluate the investment attractiveness of the region;
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3 — predicting the level of each of the normalized indices (indicators of investment
attractiveness of the region), taking into account the dynamics of the actual values of these
indices for the selected period;

4 — regions’ ratings plotting of the studied population according to their investment
attractiveness for each of the average actual and for each of the forecast values of the
standardized indices;

5 — group rating plotting of areas for each of the selected criteria of the investment
attractiveness based on the results calculated for each region of complex indicators which
average actual and projected levels of investment attractiveness according to a particular
group of indicators accordingly;

6 — plotting of general (or integrated) ratings of regions (individually for the
characterization of socio-economic level supply of the region development according the
first five groups of indicators and for the establishment of the efficiency level of fixed kinds
of resources in the following two groups of indicators) on the basis of calculation of
integrated indicators according to the totals of group value (actual and forecast) indicators
of investment attractiveness, defined in the previous (the fifth) assessment stage;

7 — plotting of complex (or final) rating of areas through integrated indicators identified
by combining the corresponding integral indicators of investment attractiveness.

The proposed method of estimating the investment and innovation attractiveness of
regions is based on the use of methods of standardization and regulation, as well as on the
method of comparison. In addition, in the study the synergistic and systematic approaches
are used.

The only complexity in the implementation of the algorithm of the investment
attractiveness of rural areas is to build a wider system of indicators characterizing the
investment potential of the region, and the calculation of partial coefficients of risk
investment activity within the rural area. Taking into account the research process and
assessment of the attractiveness a three-tier system of indicators is formed (Table 1).

Based on the analysis of the investment climate, table 2 shows the distribution of rural
areas according to investment types.

On the basis of the rating of 2012-2013, we have constructed the typology of rural
areas. Rural areas are represented practically in all rating groups approximately in the same
proportion in relation to the number of groups and thus represent investment environment
indicators for all regions of Ukraine. Regions with low-risk (groups 1A, 2A, 3A, 1B)
according to calculations are missing.

Analysis of Table 2 suggests that for rural areas investment attractiveness mostly
depends on the level of socio-economic development. The highest investment attractiveness
(type 3B1: Medium potential — moderate risk) is marked for the regions with the highest
complex rating assessment of socio-economic development. The decrease in the level of
socio-economic development is accompanied by the decrease in investment potential and
growth of the investment risk. The decrease in the level of socio-economic development is
accompanied by the decrease in investment potential and growth of the investment risk. In
Table 3 it is shown by simultaneous movement of regions to the right and down. In
particular, if the regions with the type of investment environment 3B1 (reduced potential —
moderate risk) are approximately evenly distributed between groups with differently rated
socio-economic development, for the following types of investment environment the
movement of regions into the lower groups of socio-economic development is observed,
and all rural areas with the lowest investment climate (type 3C2: little potential — high risk)
are concentrated in the third worst group in the ranking of socio-economic development.
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Table 1

The system of index-indicators for assessing the investment attractiveness of a region
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Indicators of
business activity of
the rural region

Level 2. Indicators of investment risk
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Level 3. Generalized indicators of investment attractiveness of a region
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Legend: a; — value of i-th index of the j-th region of corresponding components of
investment and innovation capacity; s; —standard deviations of a;; for corresponding
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component of investment and innovation capacity; &, — average value of the i-th indicator
of a corresponding component of investment potential; //P— index of industrial
production of the i-th region, %; DP — the largest decline in production in the region; L’
— share of loss in GRP of the i-th region; ID® — index of agricultural production
development of the i-th region; E;' — share of unprofitable enterprises of the i-¢4 region; P,
— level of enterprises profitability of the i-th region; F’ — financial dependence of
enterprises of the i-th region, L, — current enterprises liquidity of the i-t4 region; FR —
financial risk of enterprises of the i-th region; W, — the share of workers of the i-t4 region
who took part in strikes, %; U, — unemployment rate, in% to the economically active
population of the i-th region; E, — population number with an average income below the
subsistence minimum in% to the total population of the i-th region; G, — dynamics of the
real money incomes of population, in% in comparison to the previous year of the i-th
region; /G — import of the i-th region in the total amount of imported goods to Ukraine,
%; 1G°"" — share of import in the economy of the i-th region; EHS, — emissions of

harmful substances which into get into the atmosphere, in% of total of the i-th region;
HS!™ — amount of harmful substances per area of 1 km® of the i-th region; HS® -
amount of harmful substances per 1 person of resident population of the i-th region; R, —
share of persons prosecuted to the administrative responsibility, in an aggregate number of
resident population of the i-th region, %; O, — index of number of offenses registered in the
area of the i-th region, %.

Table 2
Distribution of rural areas by the type of investment environment

Type of investment Number of
. Rural areas
climatey rural areas
B 6 Regions: Donetsk, Dnipropetrovsk, Kyiv,
Lviv, Cherkasy, Mykolayiv
3Bl 4 Regions: Zhytomyr, Sumy, Luhansk, Poltava
3B2 3 Regions: Chernihiv, Rivne, Kherson
2C 3 Regions: Odessa, Zaporizhzhya; Crimea
Regions: Vinnytsya, Transcarpathian region,
3C1 3 .
Kharkiv
3C2 3 Regions: Volyn, Ivano-Frankivsk, Chernivtsi
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Table 3
Distribution of rural areas by the type of investment climate
and ranking of socio-economic development
Type of Group according to the rating of socioeconomic development
mvgstment 1 2 3
climate
3Bl Regions: Zhytomyr, Regions: Rivne, Regions: Odesa,
Poltava, Lugansk, Poltava, Kherson Vinnytsya
Kyiv
3B2 Crimea, Chernihiv region Regions: Regions:
Zaporizhzhia, Transcarpathian,
Kharkiv, Chernivtsi Lviv
2C Donetsk region
3C1 Dnipropetrovsk region
3C2 Volyn, Ivano-
Frankivsk region

1 — the highest level of economic development of its own food supply and purchasing
power of population;

2 — close to the Ukrainian national average of these indicators;

3 — the lowest indicator values.

It is also necessary to mention that Poltava, Cherkasy region are included in ten regions
with the least integrated investment risks since 2006 (annually); in certain years there were
the autonomous republic of Crimea, Kyiv, Luhansk, Zhytomyr regions; for 1-2 years —
Odesa, Vinnytsya regions. In other words, we have introduced factors and built
classifications which are quite productive for the assessment of investment attractiveness of
rural areas as well corresponded to the integral estimates, based on more complete system
of indicators, including indicators that are rated expertly.

Reduction of investment risk is the main task of administrations of the regions
represented in the three lower lanes in Table 3.

In recent years, it is the local levels of management which have become the most
important factor in changes of the investment climate in the region. Revitalization of the
regional strategies and programs development is accompanied by the creation of new tools
and the improvement of methods of interaction with investors. According to survey results,
investors traditionally believe that local "law" defines mostly the investment climate.
Regional administrations define different forms of support for investors who realize their
projects in the region.

Conclusions

Rating evaluation of investment attractiveness of a region is extremely important if
taking into consideration a wide range of users and possibilities to use its results. These
users are primarily private investors, for whom the set ratings will serve as indicators of
current and future benefit indicators and weaknesses, opportunities and threats during the
substantiation of investment capital directions into regional entities. Bodies of state and
local government which manage the allocation of expenditure of respective budgets for
investment purposes in different objects on the regional level will also be interested in an
objective rating assessment of the region, because this approach will help them to justify
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the optimal structure of expenditures and increase economic efficiency of the budget use. In
addition, the detection of complex problems and strong sides of certain regions in different
areas for regional socio-economic development support and according to the efficiency
level of the use of basic types of region resources can act as a reliable basis for the
formulation and implementation of national programs and strategies for country

development.
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AHoTaiil
Xapuosi TexHonorii

BwmicT MeTaHO/Iy y BUHOTPAAHUX i IUIOOBUX OPeHi: OCHOBHMII MOKA3HUK
OpMTIiHAJBHOCTI Ta Oe3MeKn

Himitap Jimitpos, Tersna lonueBa, Banbo Xaiirapos
ITnemumym eunoepadapcmea i enonoeii, paxyrvemem enonoeii i ximii, Ilnesen, boneapis

Beryn. MeraHon € HEOMMIHHUM CKJIaJHUKOM OpeHJi He3aJIeXKHO BiJI TOTO, 3 SIKOI came
¢pykroBoi cupoBuHM OyB 3poOneHuit Hamiid. Bwmict MeraHony —miATBEpIKYE
OpHTIHAJBHICT OpeH.i, a WOoro KOHIEHTpALlis € MOKa3HUKOM piBHs Oe3neku OpeHmi [uis
CHOXXKHBAYa.

Marepianu i MeTogu. BMicT aKkoroiro B IecSITH pi3HHUX 3pa3kax OpeHji - IIeCTH Ha
OCHOBiI BUHOTPaJy i YOTUPHOX Ha OCHOBI CIIMB - BU3HAYAJH 32 JIONIOMOT 00 aBTOMaTHYHOTO
6noka muctwranii Gibertiny BEE RV 10326. 3mict meraHonmy B OpeHji BH3HaYald 3a
JIOITOMOT0F0 Ta30Boro xpomarorpada Varian 3900 3 xamiyspHoto konoHkor VF max MS
(30 ™M, 0,25 MM ID, DF = 0,25um), ocuamienoi FID.

Pesyabratn i ob6roBopenHs. JlocmiDkeHHS MOKa3ajo, LI0 BMICT JIKOIONIO Y
BUHOrpagHoMy OpeHzi craHoBuB Bix 36,00 mo 69,98 00.% (y cepemnpomy 52,70 06.%).
Jlst cmuBoBHX OpeH/Il 3HAYEHHS IO MOKa3HUKa ctaHoBUIIO Bix 40,00 mo 62,70 06.% (y
cepenHboMy 46,27 00.%). MeraHon OyB BUSBJICHHH Yy BCIX JOCIIPKEHUX 3pa3kax OpeH[I.
Jlnst BuHOrpagHux OpeHai BMicT meraHony ckias 0,20-0,56 F/M3, a mis cauBoBux - 1,08-
2,98 r/nm’.

[epii Tpu 3pa3Ky BUHOTPaIHOTO OpeH/Ii MICTATh MEHIIIE METAHOITY, IO MOSCHIOETHCS
BUKODHCTaHHSIM TIEPETOHHOI YCTAHOBKM 3 JIOAATKOBOKO KOJIOHOK  OYMILNEHHS i
KOHJICHCATOPOM. 3aBISIKH [[bOMY JIOCATA€ThCs OUIBII BUIHMKA CTYIIHb OYHMIICHHS METAHOIY
MOPIBHAHO 3 IHIIMMH TPhOMa 3pa3kaMd BHHOTPATHOTO OpEHI, MUCTWIIALIS SKHX
BigOyBanacs B 3BUYaliHUX YMOBaXx.

Binpim BUCOKMI BMICT METaHOIy B CIMBOBOMY OpeH/i IOPIBHSHO 3 BHHOTPaIHUM
TIOSICHIOETBCSL OLIBIII BUCOKUM BMICTOM IIEKTHHY B IUTOJaX CIMBU. [I€KTHH € pe4OBHUHOO-
MONIepeTHUKOM METaHONy. BHCOKHI BMICT NEKTUHY 3a3BHYall PU3BOJUTH JI0 YTBOPEHHS
OLIBIIOT KUTBKOCTI METaHOITY B KiHIIEBOMY IIPOYKTI.

BMmict MeraHomy B JIOCHIDKEHMX 3pa3kax OpeHIi He IepeBUIyBaB 3HAYEHb,
BCTAHOBJIEHUX  OENBridCHKMM 1  €BPOINEHCHKUM  3aKOHONABCTBOM  (MaKCHMaJIbHO
JIOIMYCTUMUM MOKa3HUK cTaHOBUTH 10,00 1“/le3 ).

BucnoBku. Busnauenuii y mpoMy JOCIHIPKEHHI piBEHb METAaHONY B YCiX 3paskax
OpeHai MiATBEpANB OPUTIHAIBHICTH HAMNOI. 3MICT METaHOJY Yy BCIX 3pa3kaxX BiAIOBiJae
BUMOTaM OCIbIiiiChKOTO Ta €BPOMEHCHKOro 3akOHOAaBcTBa. JlOCHi/pKeHi 3pa3ku OpeHi
Oe3reyHi ISl CIIOYKUBAHHSI.

KurouoBi ciioBa: memanon, sunoepao, ciusa, Openoi, OUCmuiayis, emanoll.

InakTuByBaJBLHUI e)eKT MiKPOXBHJILOBOr0 HATPiBAHHS HA NEKTUHMeETHJIeCTePa3y B
aneJbCMHOBOMY COL
. . 1 L9
Acmnixan [lemipaosen , Tanep baiican
1 - Vuisepcumem I aziocmannawa, Toxan, Typeuyuna
2 - Eeeticokuii yHigepcumem, I3mip, Typeyuuna
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Beryn. InaktuBanis (epMeHTIB € OCHOBHOIO CKIIQAHICTIO MijJ Yac BUPOOHHUIITBA
amneJbCHHOBOTO COKY. 3BHYaiHe HArpiBaHHs 10 BHCOKHX TEMIIEpaTyp HEraTHBHO BIUIMBAE
Ha TOTOBUH TNPOAYKT, BHUKJIMKAIOYM 3MiHY KOJIBOPY, IIOTipIIEHHS apoMary i BTpary
acKOpOIHOBOI KUCIIOTH. B nmaHoMy mociifkeHHi Ui iHAKTHBAaLil NEKTUHMETUIECTEPa3H
(IIME) min 4ac BHpOOHMITBA aIleIbCHHOBOIO COKY OYJIO BHKOPHUCTAHO METO[
MikpoxBuiboBoro HarpiBy (MH), a mis ontumizanii ymoB MH BuxopuctoByBanu
METOOJIOTI0 MoBepxHi BiAryky (MIIB).

Marepianu i metonu. SIk cupoBUHY BHKOpUCTOBYBaiM anenbcuHu (Citrus sinensis
Osb.) copry Hagen. Bymno mocnmipkeHO BIDIMB IIBHAKOCTI IMOTOKY 1 IOTYKHOCTI Ha
aktuBHiCTh [IME. 3pa3ku aneibCHHOBOrO COKY BUPOOJSIM B ONTUMI30BaHMX YMOBAX,
micnst 4oro ix sIKICHI XapakTepucTuku W mapamerpu iHaktuBaunii [IME mnopiBHIoBanm 3
napaMeTpaMu HeOOpOOJICHUX KOHTPOJIBHUX 3Pa3KiB COKY 1 31 3pa3KaMM COKY, IO MPOMIILTH
3BUYAHHY TEpMIUHY 0OpOOKY.

PesyabraTu i odroBopennsi. JliHiiiHI edeKTH MBHAKOCTI MOTOKY (X1) 1 moTy»XHOCTI
(x2), a TakoX KBagpaTW4HUHA e(eKT IIBUAKOCTI MOTOKY (x12), moryxHicTh (x22), edekt
B3a€MOJIIi IBHUIKOCTI MOTOKY 1 MOTYXHOCTI (X1, X2) CYTTEBO BIUIMHYJIM Ha 1HAKTUBAIIIO
I[IME 3a pomomororo MH. HeBiamoBigHICTE EKCIEPUMCHTAJIBHUX JaHUX HE Maja
cratuctryHoi 3HauuMocti (P> 0,05) mis moneni. KoedimienT Bapianii (K.B.) ckias 6,27%.
Tounicte Momeni ckmama 6,788x107, mio € 3amoBimpHHM pesyabraToM. KoedimieHT
nerepminanii (R?) ckmaB 0,9793, B Toll yac SIK CKOpHrOBaHMH Koe]ilieHT aeTepMiHAIil
(ckopuroBanuii R?) ckmaB 0,9645. 3mauenns R? 1 ckopuroBaHoro koedirienra R?
MPaKTUYHO HE BIJPI3HINCS MK CO00I, HIO0 MOKa3ye BIJICYTHICTh KapAWHAJIBHUX
BiIMiHHOCTEH B Mojeni. 3HmwkeHHs aktuBHOCTI [IME 6yno BusBiero B 93-95% rpym MH.
InaktuBanis [IME mnpoXomuTh DOCHTHh IIBHIKO 3aiexHO Big ymMoB CBY-HarpiBaHHs.
InakruByBatu [IME MoyxHa 3a moMipHuX TemrepaTyp 3a gornomororo MH (40 mu/xB - 900
Br - 83 °C) i MH (50 mu/xB - 900 Bt - 75 °C). 3nauenns D Oynm oOumciieHi uis JBOX
ontumanbaux yMmoB MH 1 CH, sxi ckianu 39,24 cex ams MH (40 mu/xs - 900 Br), 38,76
cek gt MH (50 mu/xB - 900 Bt) i 70 cex mist CH (95 °C - 60 cex). 3aranpHuii BMicT
nekTuHy 30unbmmBest Ha 17,2% micnst 3acrocyBanHst MH. BrpaTa ackopOiHOBOI KHCIOTH B
3pasky, nizmanomy MH, Oyna HUK4Or0, HIXK B 1HIINX 3pa3Kax COKY.

BucnoBku. Ilig yac MiKpOXBHWJIBOBOTO HarpiBaHHs OyB BHSIBICHHH CHHEPTeTHYHHNA
eQekT BIUIMBY MIKpOXBHJIBOBOI eHeprii i Ttemmeparypu Ha iHaktuBauito [IME B
anenbcuHoBoMy coky. MH (50 mu/xB - 900 BT) MoxHa 3aCTOCOBYBATH ISl TE€PMidHOI
00pOOKH aneIbCHHOBOTO COKY 3a moMipHuX Temneparyp (75 °C) ans inakrusauii [IME, a
TAKOX JUIS TIONIMIEHHS (YHKI[IOHAJbHUX XapaKTEepUCTUK arelIbCHHOBOTO  COKY.
OTpuMaHMii  pe3ynbTaT Mae BeJIMKEe 3HAa4YeHHS I I[PaBWIBHOTO  30epiraHHs
aneJbCUHOBOTO COKY.

Kunro4doBi ciioBa: anenvcun, cix, MikpoxXeunbo8uil Hazpie, nekmum, Memuiecmepasd.

Komno3nuii 1akTodakTepiii A1 3acTocyBaHHS B M'siconepepooHiii
MPOMUCJIOBOCTI

. . 1 ‘u 1
Jlionmuna Binnikosa', Arapiit Kumens', Ipusa Crpanrsosa’
1 — Odecvka nayionanvia axademis xapuosux mexuonoziu, Qdeca, Yrkpaina
2 — Ooecwrutl HayionanvHull yrisepcumem imeni I.1. Meunuxosa, Odeca, Yrpaina

Beryn. HesBakaroum Ha BeNUKY KUIBKICT OakTepiajbHUX —IpenapartiB, IO

3aCTOCOBYIOTHCS B M'AICONEPEPOOHiil MPOMUCIOBOCTI, aKTYaJIbHOIO 3aJIMIIAETHCA PO3POOKa
HOBUX 3aKBacCOK 1 BUBUEHHS iX BIUIMBY HA PO3BUTOK HeOa)KaHOi MiKpOOiOTH.
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Marepianu i merogu. JlociiKyBaayu Trano- i TEpPMOPE3UCTEHTHICTh § KOJNEKIIHHIX
IITaMiB JIAKTOOAKTepid 1 CTBOPEHHUX Ha IX OCHOBI JIAKTOOAKTEpiaJIbHUX KOMITO3HUITIH.
AHTaroHiCTHYHY aKTUBHICTh y BiJTHOIIEHHI IHIUKAaTOPHHUX, BUIIEHUX 3 M'SICHOI CHPOBUHHU
1 KOJIEKLIHHMX MITaMiB OaKkTepiii BU3HAYAIH SIMKOBO-TH (Y31 HHUM METOIOM.

Pesyabratn Ta oOroopenns. 3a makcumaibHoi (10,0%) konnenrpanii NaCl B
CepeOBUINI KYAbTUBYBaHHs taMu L. plantarum 12 1 1005 xapakTepu3yBajaucs BHCOKOIO
IHTCHCUBHICTIO pocty, L. delbrueckii s/sp. lactis 013 1 L. casei s/sp. tolerans 290 —
CepeHboI0. TepMOpPE3UCTEHTHICTh (3aTHMMHM 3 BHCOKOK 1HTCHCHBHICTIO POCTH B
nmianasoHi Big 5 1o 25 OC) BusiBwiMcs mrtamu L. Plantarum 12, , L. delbrueckii s/sp. lactis
013, L. acidophilus 147, L. casei s/sp. tolerans 187 u 290. JlakrobakTepii mposiBHIN
AHTArOHICTHYHY aKTHBHICTB 1 IIOJI0 BUIICHHUX 3 M'SICHOI CHPOBHHH, 1 KOJICKIIIHHUX IITaMiB
Oakrepiil. 3pocTaHHs AESKUX 1HAMKATOPHUX OAaKTEpiil BOHW TINBKU 3aTPUMYBAIIH, 1HIIHX —
MOBHICTIO MpuaylryBaiu. HalkpammMu aHTaroHicramu BusiBWIHCS ramu L. Plantarum
12, , L. delbrueckii s/sp. lactis 013 u L. casei s/sp. tolerans 290, TOBHICTIO MPUTHIYYIOTH
pict Bacillus sp. 3, Kurthia sp., Planacoccus sp. 1, sp. 2, Micrococcus sp. 2, Sarcina sp. i
Staphylococcus sp., BUIIEHHX 3 M'sica, 1 Konekuinuux — Planacoccus citreus, Escherichia
coli, Salmonella enteritidis.

Ha ocnosi mramiB L. Plantarum 12, L. delbrueckii s/sp. lactis 013 i L. casei s/sp.
tolerans 290 Oymu cTBOpeHi 9 BapiaHTIB KOMIIO3HUIIIH Ta BHBYCHO X O10TEXHOJOTIYHHIMA
noteHian. Bel kommo3uuii Oynm 3matHi poctd HaBite npu 0 °C. HaiiGinemn crifikoro
BUsBWIIAaCS 3akBacka L. delbrueckii s/sp. lactis 013 + L. plantarum 12 B cniBBigHOIICHHI
1:2, 3pocranns sikoi mpu 5 °C Gyno OLIHEHO K «IyKe iHTEHCHBHe». Kommosmuii
JaKTOOaKTepi ICTOTHO NPUTHIYYBaJ M pICT I1HAUKATOpHUX Oakrepiii. Po3mipu 30H
BIJICYTHOCTI POCTY OakTepiii, BHIUICHHX 3 M'sca, KOJUBAIUCS Bim 16 MM 10 43 MM B
3aJIeKHOCTI W BiJ IHOMKATOPHOrO INTaMy, 1 BiJl KOMIIO3MLIi. 3 KONEKIiHHHX Oakrepii
HAMOUIBII YyTIIMBUMHU BUSIBIIIMCS KOKU P. citreus 1 M. luteus, po3Mipu 30H BiJICyTHOCTI
POCTY SIKHMX B 3aJIC)KHOCTI BiJl KOMIIO3UII1 KOJUBAIKCA Bill 34 MM 110 42 MM 1 Bix 28 MM 10
40 MM, BiIITOBIIHO.

BucnoBkn. OtpuMaHi pe3yiabTaTH CBiA4YaTh PO INJBHILEHHS Ol0TEXHOJIOTIYHOI
AKTUBHOCTI JIAKTOOAKTEpiil B KOMITO3UIlisAX. HalWOUIbI MepCneKTHBHOK I ampolarrii B
MIPOMHUCIIOBUX yMOBax € Kommosuilis L. delbrueckii s/sp. lactis 013 + L. plantarum 12 B
criBBigHOIIEHH] 1:2.

Kuouosi cJioBa: M'sico, Jakmobaxmepis, 2a710pe3UCTNEHMHICNY,
MepMOPe3UCEHMHICMb, AHMALOHICMUYHA AKTNUGHICMb.

EnigitHi i periamenToBani MikpoOHi KOHTAMIHAHTH Xap40BOi POCJAMHHOI CHPOBHHH i
NMPOAYKTIB

Inna Iununenko, Jironmuia [ununenko,
Onena CeBactbsiHOBa, €Breniit Korsip, Pycnana Kpydex
Ooecvka HayionanbHa akademis xapuosux mexuonozit, Odeca, Ykpaina

Beryn. bBionoriuni HeGe3neku sIK NMPIOPUTETHI MiJ Yac OI[HKUA CTYNEHS PH3HKY
TIOB's13aH1 3 IPUCYTHICTIO B XapUOBUX NPOJYKTaX MiKpOOPTaHi3MiB.

Marepianu Tta Meromm. JlocmipkeHO moOMMpeHi BUIM (PYKTIB, OBOYIB 1 SITi.
BukopucroByBaiu 3araibHONPUHHATI MikpoOionoridni meroau: Me3o(dinabHI aepoOHi i
(axynpraTnBHO-aHaepoOHi Oakrepii (MADPAHM), rpubH 1 APIKIKI BpaxoBYBaIU MOCIBOM
mig Mm'sico-nentoHHui arap (MITA) i arapu3zoBane cycno BianoiaHo, xomigopmu (BI'KIT)
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BH3HAYaJIM TOCIBOM B piAKi TOXUBHI cepemoBuila, Bacillus cereus ta Clostridium
perfringens — meronamu [SO, ocTaHHI# 3 po3pOOJICHOIO MOMEPEAHBOK 00POOKOIFO.

Pesyabratn Ta 00roBopeHHsl. BuBueHO TpymHoBWH CKiiajJ emidiTHUX MiKpOOHHX
KOHTaMiHaHTIB TOIIMPEHUX BHIIB (PYKTiB, OBOYIB, sria 3a nokazHukamu: MADAHM,
rpubu, apixmki, BI'KII. BcranoBneHo 3Ha4yHy 3a0py/AHEHICTH CUPOBHHH Me30(iTbHUMHU
arpmamu Bin 1,8+10% 10 7,6°10° KYO/r. IToka3aHo, 10 OCHOBHi i30160BaHi MOP(OTHITH
Oammy MOXKHa BimHecTH 10 Tpymu subtilis-licheniformis. Cxinajg MiKpOOpPraHi3MiB
POCIIMHHOI CHPOBHHU JIO3BOJISIE CYAMUTH SIK PO MOXIIUBICTB €ITiA€MIONOriYHOi HeOe3MeKH,
Tax i Mpo J0OPOSKICHICTh MPOAYKIi. Beyneped HassBHOI paHile TyMKH PO JOMiHYBaHHS
cepen emidiTHOI MIKpoOioTH TpHOIB, HAIll PE3yAbTATH MOKA3aIHM I OUIBIIOCTI 3pa3KiB
MepeBAYKHUN BMICT MaJTMYKOBHIHUX MiKpoopraHi3miB. [1oau pi3HHX COpTIB, BHPOILEHI B
OJTHAKOBHMX YMOBaXx 1 OIHOYACHO 3i0paHi, PO3PI3HAIOTHCS MEePEBAXKAIOYNMHU BHIAMH TPHOIB.
[IpiopureTHUM pO3pPOOJIEHUM HAMH METOOM BH3HAu€Ha KOHIEHTpAIlisl MaTyNliHy B
3aJIeKHOCTI Bijl CTYIEHs TICYBaHH IUIOAIB. Bennka KiNnbKicTh IPYHTOBHX MIKpOOPTaHi3MiB,
BKJTIOYAIOYHN JY)KE CTIiHKI J0 HarpiBaHHsA criopu Ta Oakrepii pomiB Bacillus i Clostridium,
3HAXOJATHCS HAa IMOBEPXHI POCIMHHOI CHPOBHMHH, OCOOJMBO KOPEHEIUIOAiB. SIK mokasaiu
MIPOBENEHI JOCHIHKCHHS, WMOBIPHICT BHSBICHHSA HEOE3IEYHOIro Ui 3J0pPOB'S JrOIEH
Clostridium perfringens Ha JTUCTKax 3eJICHUX POCIMH CTaHOBHTH 110 61%, Ha oBOYaxX — J0
39%. Mikpoopranismu rpynu subtilis-licheniformis € IOMIHYIOUMMH KOHTaMiHaHTAMU
CHPOBUHH, TPEBATIOIOTH B CKJIaJli MiKpOO1OTH MPOIYKTY Hepe]] CTEpUITI3alli€ro 1 BUSIBIICHI B
3aJIMIIKOBIM MIKpOOiOTI TOTOBMX KOHCepBiB. Cepen BHIIIEHUX 3 POCIUHHOI CHPOBUHHU
Oakrepiii Oynu BUsIBIIEHI 30yIHUKH Xap4oOBHX OTpYyeHb — Bacillus cereus Ta iH. Bacillus
cereus BUSABIEHUH B 6,2% pocmimpkeHnx 3pas3kiB ¢pykriB, 33% mpod mopkeu, 21% —
MeTpyIKH, 10 9,5% npod KOHCEPBOBAHHUX MTPOIYKTIB.

BucnoBku. Bucoka TepMOCTIHKICTh CHOPOHOCHUX MIKPOOPI'aHi3MiB CUPOBHHH, B TOMY
YHUCIII BUKOPUCTOBYBAHHMX SIK TECT-KYIBTYpH, MOXK€ OOYMOBIIOBaTH IX HasBHICTh B
KOHCEpBOBAHUX  NPOAYKTaX, OyTH MNPUYMHOIO  TMOTIPUIEHHS  OpPraHOJENTUYHUX
BJIACTHBOCTEH MPOJYKTIB 1 BUKJIMKATH TOKCHYHHUH BILIMB Ha OPTaHi3M.

KurouoBi ciioBa: enigim, mixpoopeanizm, pociuna, KOHCEP8Y8aHH s, NANMYLIH.

3acTocyBaHHSI MPUPOIAHUX 0JIil B AKOCTi 0i0JI0riYHO AKTUBHMX iHIPeTicHTIB
KOCMETHYHMX 32c00iB

Banepiii Mank, TersHa ITomoHchka
Hayionanvuiti ynisepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. KomrmoHeHTH ofifi BOYIOBYIOTBCS B JIMIJHI CTPYKTYpPU POrOBOTO IIapy
emiiepMicy, 3MIHIOIOYM BIIACTHBOCTI emiaepmanbHOro Oap’epy. HaiiBakiuBimoro
XapaKTEePUCTUKOIO KUPHUX POCIWHHUX OJiH, 110 BU3HAYA€ IX BIACTUBOCTI KOCMETHYHOIO
IHTpEIiEHTa, € BMICT CKJIaJHKUX e(ipiB )KUPHUX KHCIIOT.

Martepianu Ta meromm. [ CTBOpEHHS KOMITO3MIIT >KUPOBOi (pa3u KOCMETHYHUX
3ac00iB eMIIPUYHUM METOAOM CKJIAJaIH CyMIlli POCIMHHUX OJill (KOKOCOBA, MallbMOBA,
MUTAajdbHA, BHHOTPAJHHUX KICTOYOK, OJNIMBKOBA, KYKYpyI3sHA, KYH)KyTHa, 3apOJIKiB
MIIEHUI Ta i1HII), XUPHOKUCIOTHUHA CKJIAJ] SIKMX IMITYyE CKJIaJ KIITHHHUX MeMOpaH.
JleTekiis KUPHUX KUCIOT 3IIMCHIOBAJINCh HAa Ta30BOMY XpomaTorpadi BHUPOOHHIITBA
Hewlett-Packard HP6890 3a 3araibHOIPHUIHHATO METOAUKOIO.

Pesyabratn i obroBopenHsi. MoxiuBuii emmipuuHuid miglip cymimi odmii, abo
PO3paxyHOK CyMilli 3a IEBHUM aJrOPUTMOM 3 HasBHOTO Ha0Opy Ol 3 BiIOMUM

400 ——Ukrainian Food Journal. 2016. Volume 5. Issue 2 —



—— Abstracts

KUPHOKHCIOTHUM  CKJIQJIOM.  Pe3ynbTaTH  CKPUHIHTY  KHPHOKHCIOTHOI'O  CKJIany
TPaJULIHHNX KOCMETHYHUX OJIf IOKa3yloTh, IO JXHPHI KHCIOTH MICTATBCS B YCiX
BIIOMHX JXMpax 1 OJisIX, OJHAK IX BMICT KOJIMBA€EThCS Yy IIMPOKHX Mexax. HaitOimbin
30aJJaHCOBaHUMM 3a CKJIAJIOM € apaxicoBa, ONisl 3apOJKiB IIICHHUIl, OJMBKOBA, KOKOCOBA,
MUT[ajbHa, NajlbMOBa Ta pinakoBa omil. OpHak CcKiaj JKOOHOI 3  HaBEJCHUX
IHAVBIAYyaJbHUX ONIH HE BINIOBiZae HOpMaM KocMeTosorii. Jlochi/pkeHo XapakTepHe
CHiBBI/IHOIIEHHS JITHOJNEBOI 1 OJIETHOBOI KHUCJIOT, IIO JUIi HOPMAaJbHOI 3[0pOBOI LIKipH
CTaHOBUTH Topsiaky 1:1,8, y Toi yac sik it cyxoi HIKIpM BOHO CTaHOBHUTH NPHOIN3HO
1:4,7. Hali0inpI OoNTUMaIbHOIO 3 TOYKH 30pY BMICTY MOHO- Ta MOJIi HEHACHYEHUX KUPHUX
KHACJIOT € KOMIIO3HWILiS, IO MICTUTh KOKOCOBY, KYHXXYTHY Ta IIIIEHHYHY OJii.
CmiBBignomenns JiHoneroi (C18:2) ta oneinopoi (C18:0) kucmot y Hil CTaHOBUTH 1:8, 1110
€ aJeKBaTHUM JUIS HOPMaJIbHOI 3/I0pPOBOI HIKIpW, a CIIBBIJHOIIECHHS ITOJiHEHACHYCHUX
ninosneBoi (C18:2) ta ambda-ninoneHooi (C18:3 ®-3) HabGmmxaeTscss M0 Oi0NOTIYHO
eekTUBHOro piBHs 1 craHoBUTH 1:11 nporu ineansHoro 1:10.

BucnoBku. Taka kocMeTHyHa 6a3a MOBHICTIO CKIIAAETHCS 3 HATYPaJIbHUX POCIHHHUX
omiii 1 mpu3HaueHa IO 3acCTOCYBaHHA B pELENTypax IKHUPOBHUX Ta EMYJIbCIHHUX
KOCMETHYHHUX 3acO0iB JUIA JOIJISIYy 33 CYXOI MOAPa3HEHOI WIKIpo, ii JKUBJIEHHS 1
TIOM'SIKILICHHS.

KurouoBi ciioBa: onis, kocmemuka, wikipa, ckiao.

JocigxeHHs] peooriYHUX BJACTUBOCTEH PO3YMHIB JKeJJATHHY IS BUPOOHULITBA
0e3r.1I0TeHOBUX MAKAPOHHUX BUPOOiB

Onekcanap Poxxno, Onena ITono6iii, Bipa FOpuak
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. s ¢opmyBaHHS O€3INIIOTEHOBUX MaKapOHHHMX BHPOOIB 3 KYKYPYA3SIHOTO
OopolHa, sSKe HE YTBOPIOE KIEHKOBUHY, Ba)AIUBHM € BHOIp CTPYKTypOYTBOpIOBaya,
BU3HAYEHHS CIIOCO0Y HOro BHECEHHs Ta JO3yBaHHS Ha MiJCTaBi BUBUEHHS PEOJIOTIYHHX
BJIACTHBOCTEH HOTO PO3YHHIB Ta BIUIUBY HA SIKICTh BUPOOIB.

Marepianu i metomu. JIOCHiPKEHO PEOJIOTiIUHI BIACTUBOCTI KOJOIAHUX PO3YHHIB
xeJaaTuHy KoHueHrpauiero 0,50—1,25%, npuroronennx 3a Temneparypu Boau 20 °C ta 40
°C i TpuBayiocti HaOyxanHs 40 xB. Ta 3a 60 °C 0e3 HaOyxaHHS. Bu3Havyamu B S3KIiCTh IMX
po3unHiB Ha Bickozumetpi Peotect-2 3a Temmneparypu 20 °C. 3a oTpuMaHMMHU JaHUMHU
OynyBaJM peoNoriuHi KpHBI B’SI3KOCTI Ta IUIMHHOCTI, PO3pPaxOBYBaJIH PEOJIOTIUHI
XapaKTepPUCTUKU 1IMX PO34MHIB. BU3HAUEHO BIUIMB PO3YMHIB CTPYKTYpOYTBOPIOBAauiB Ha
TOKA3HUKH SKOCTI MaKapOHHHUX BHPOOIB.

PesynbraT. 3a Temrepatypu HaOyxaHHsA ckenatuHy 20 °C auHaMi4Ha B’S3KICTh
HEe3pYHHOBAHOI CTPYKTYPH KOJOIZHOTO PO3YUHY 31 30UIBLICHHSIM HOro KOHIEHTpalii 3
0,50% mo 1,25% s3umxkyetsbes Big 59,10 Ila-c mo 21,89 Ila‘c, 3a BHHATKOM PO3UYUHY 3
koHIeHtpamiero 1,00%, s SKOro CIOCTEPIraeThCs aHOMAJIS B’SI3KOCTI, a B’SA3KICTh
nopiBaioe 531,90 Ila-c. AHayoriyHi JOCHIPKEHHs, NMpPOBEAEHI Mix yac HaOyXaHHS 3a
temrepaTypu Boau 40 °C, mokasai, 110 BCi KOJIOIAHI PO3UMHH JKEJIAaTHHY 32 KOHICHTpAIlii
0,50-1,25% € ncepnorutactnaauMH pinuHamu (Pk; = 0), MatoTh 3HAYHO HIKYY TUHAMIYHY
B’SI3KICTh SIK 3pYyHHOBAHOI, TaKk 1 HE3pyHHOBAHOI CTPYKTYpU Ta HWKYY MIIHICTh
CTPYKTYPHOTO Kapkacy, HiDK 3a Temmeparypu HaOyxanus 20 °C. [lnsg 3paska 3
koHLeHTpauier 0,75% crocrepiraeTbcsi aHOMais B I3KOCTI: 3a M€l KOHIIEHTpaLlii pO3YHH
Ma€ HalOIIbIy AWHAMIYHY B S3KICTh HE3pYWHOBAHOI CTPYKTYPH il HAWOIIbITY TUHAMIYHY
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B’SI3KICTh 3pyHHOBaHOI CTPYKTypH, BimmoBimno 94,56 Tta 1,35 Ila-c, Ta Haiibinbme
3HAYCHHA M)o-Nm — 93,21 I1a ¢ i oqHOUaCHO HAWOLIBITY MIITHICTh YTBOPEHOI'O CTPYKTYPHOTO
kapkacy 425,52 I1a. MakapoHHI BUpoOU, BUTOTOBJIEHI 3 BUKOPUCTAHHSIM TaKUX PO3YMHIB,
MaloTh HaWKpamly skictb. 3a Temreparypu 60 °C po3uMHM MarOThb HHM3BKY B’S3KICTh i
MIIHICTh, TOOTO YTBOPIOIOTH CJAOKI reii, sSKi He 3a0e3MedYyloTh YTBOPCHHS MIITHOTO
CTPYKTYPHOT'O KapKacy i XOpOIIoi SKOCTI MaKapOHHUX BHPOOIB.

BucHoBok. BcraHOBIIEHO onTHManbHY KiIbKiCTh skematuny 0,75-1,0% no0 Macu
OopolIHa Ta apaMeTpH MiArOTOBKH HOro 0 BUPOOHMITBA — HaOyxaHHs npotsroM 40 XB.
3a temneparypu 40-20 °C BiInoBifHO, sKi 3a0€3Me4yOTh HaWBUILY B’S3KICTh PO3UYHHIB
xenatuny 94,6-531,9 I1a-c i cnpusiOTh OTpUMaHHIO BUPOOIB BUCOKOT SIKOCTI.

KurouoBi ciioBa: oicenamun, 003y68ants, 6 s3Kicmb, PO3UUH, SKICTb.

bioTexHonoris, Mikpo6ionoris

Mikpob6iosioriune q0ocaigKeHHsI TUKUX, KYJIbTHBOBAHUX
(Mytilus galloprovincialis L. 1819) i papmmpoBanux migii

Jemer Kocatene', I'bokaii Tauikas?, Xynst TypaHz, Smann Kast®
1 - Vuisepcumem Cunon, Lllkona mypusmy i 2comenvbno2o menedxrcmenmy, kageopa
MeHeddcmenmy cyscou xapyyeanns, Cunon, Typeuuuna
2 - Vnisepcumem Cumnon, ghaxyiemem pubHoeo 2ocnooapcmea, kageopa mexHonioii
puboobpabru, Cunon, Typeuuuna

Beryn. YV crarTi MOCHIKYIOTBCS — MIKPOOIOJIOTiIUHI  BJIACTMBOCTI  JUKHX 1
KYJbTUBOBAHUX MiJlilf, a TakoX (aplIMpOBaHUX MiJiH, SIKi MIPOJAIOTHCS B pecTopaHax i
BYJIMYHHX TOPTOBEJILHUX TOYKAaX B CEpITHi i BepecHi y M. CuHoI.

Martepianu i MeTomu. 3a JOMOMOro0 CTaHIAPTHUX MPOLERYp Oy JociipkeHi 68
spaskiB Minitt (Mytilus galloprovincialis L. 1819), a Takox (apiimpoBaHi Milii, B SIKHX
BH3HAYAJIU 3arajbHUN BMICT aepoOHHMX Me30(impHUX OakTepiit, Oaktepiii Coliform,
Escherichia coli i Vibrio spp. Binbip npo0 s MikpoOiolOTriyHOro aHaji3y MpOBOIWIN B
aCeNTHYHUX YMOBaX. Y ci MiKpoOioIOriuHi aHaNi3u TPOBOMIIKCS TPHPA30BO.

PesyabraTtu i o6roBopennsi. [TouyaTKoBi MOKa3HUKM CyMapHOi KUIBKOCTI aepoOHHX
Me30(hiTpHUX OakTepiid, komidopmHuux O6akrepii, E. coli B AMKUX 1 KYIIbTUBOBAaHUX MiisfX B
ceprHi cktanu, BignoriaHo, 4,04 In Koe/r i 3,55 In Koe/r; 3,69 In Koe/r i 3,09 In Koe/T;
0,59 morapupma Koe/r 1 0,39 norapudma Koe/r. 3aranpHa KiIbKIiCTh OaKTepil,
KomiopMHUX OakTepiit i Oakrepiii Vibrio spp. B JAMKUX Minisx Oyjia BHIIOIH, HIK Yy
kynbTuBoBaHUX (p<0,05). YV KynpTHBOBaHUX Mifisx Oakrtepiii Vibrio spp. BUSBIEHO HE
oyio.

3arayiipHa KUTBKICTh aepoOHMX Me30(inbHUX OakTepiid, KomipopMHHX OakTepiil i
Oakrepiit E. coli y dhapmupoBaHuX MiTisfX, SKi MPOAABATUCA Y BYIHYHHX TOPTOBEIBHUX
TOYKaX Yy CEpIHi, IEPEBUIIYBaJa Il MMOKa3HUK M (apmIMpOBaHUX MIIid, M0
MpOaBajcs B pecTopaHax y Ier xke 4dac (p <0,05). ¥ BepecHi Oakrepii E. coli He Oyiau
BUSIBJIEHI B 3pa3kax (hapHmMpoBaHUX Milii, sSKi IMpoAaBajucs sSK y pecTopaHax, Tak i y
BYJMYHHUX TOPTOBENBHUX TOYKaX. Y CEpIHi Ta BEPECHI BMICT aepoOHUX OaKTepiil B 3pa3kax
(apumpoBaHUX MiAiii He MEepPEeBHIINYBaB JIONYCTHMMHUX TI'paHMYHHX 3HaueHb (6 In Koe/r).
Bakrepii Vibrio spp. Oynu BHUSBIEHI y BCiX 3pa3kax (apIIMpOBaHUX Mifii, KpiM THX, sIKi
NpoJaBajiicss y BYJIMYHUX TOPrOBHX To4ykax y BepecHi. apmmpoBani wminii Oymn
MPUTOTOBJIEHI 3 JWKUX MiAid 1 3araybHUN BMICT aepoOHMX Me30(iIbHUX OakTepii,
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KommiopMHUX OakTepiit 1 OakTepiit E.coli y HUX NEpeBUIyBaB BMICT IUX e OakTepiil y
UKHAX MIJisX.

BucnoBku. baxrepii E. coli He Oymu BusiBieHi B (apmmpoBaHuUX MimisfX, sIKi
MIPO/IaBAJIMCSA B PECTOpaHaX B CEPIHI W BepecHi, a Oakrepii Vibrio spp. Oyau BUSABJICHI B
JBAILEITH CEMH 3 COpPOKa BOCBMH 3paskiB (aplmpoBaHUX Mifid, SIKi MpoAaBaiucs B
pecTopaHax 1 ByJHYHUX TOPTOBEIFHUX TOUYKAX.

KarouoBi ciioBa: wmiodis, papuuposana miois, e.coli, coliform, 300pos's.

BrnuiuB TexHonorivHuxX napameTpis ¢pepMeHTaii BepmikiB Ha ¢GopMyBaHHs
(pyHKIiOHATBHUX BJIACTHBOCTEl KHCI0BEPIIKOBOro Macjaa

JTio60B Myciit', Opucst Llicapux', Ipuna CruBka', Oner Ianenko’
1 — JlviecoKuti HAYIOHANLHULL YHIGEPCUMEM 6eMEPUHAPHOT MeOUYUHY Mma OLOMexHOoN02il
imeni C.3. Dicuywrozo, Jlvsie, Yipaina
2 — HayionanvHuil ynisepcumem xapuosux mexnonoeit, Kuie, Yxpaina

Beryn. BusHavyanbHUMHM YMHHHKAaMU BHUTOTOBIICHHST KHCIIOBEPLIKOBOTO Maciia €
npouecu QepmeHtanii (miadip 3aKBanIyBalbHUX KYJIBTYp, IX CIIBBIJIHOIIEHHS Ta
BU3HAYEHHS ONTUMAJbHUX TEXHOJOTIYHUX TNapaMeTpiB ¢Qepmenranii) Ta QizugHOrO
BU3pIBaHHS BEPIIKIB.

Martepianu Ta MeTOAM. AKTHBHICTh KHCJIOTOYTBOPEHHS NpH (epMeHTalii BepIIKiB
BH3HAYAIM 32 3MIHOIO THTPOBAHOI Ta aKTUBHOI KHUCIOTHOCTi. KiIBKICTb >KHUTTE3AaTHHUX
kit Flora Danica ta Lactobacillus acidophilus La-5 Oyia mipaxoBaHa IIISXOM ITOCIBY
pu BUKOpHCTaHHI cepenoBuia M17 Agar CM 0785 Ta Lactobacillus MRS Agar M 641-
500G (Himedia). JKupHOKHCIOTHHI CKJIaJx 3pa3KiB Macla TOCTIIKYBaIH METOIOM
razopiguHHol xpoMaTorpadii Ha razoBomy xpomatorpagi Hewlett Packard HP-6890.

Pesyabratn i o0roBopenHsi. BukopucraHHs Yy BHUPOOHHMITBI KHCIOMOJOYHHX
MIPOAYKTIB 3aKBaIyBATBbHUX KOMITO3HIIIN, SIKi TIOPSIT 3 IEBHUMH JIAKTOOAKTEPISIMHU, MICTATh
MOHOKYJBTYPH MPOOIOTUYHHMX IITAMIB, JO3BOJSIE OTPHUMAaTH HE3aMiHHHMH 3 TOYKH 30Dy
Cy4acHOI JI€TONOrI] IPOAYKT Xap4yyBaHHS 3 MPOOIOTHYHUMHU, O3AOPOBYMMHU Ta 3aJaHUMHU
CreliaIbHUMU BJIACTHBOCTSIMH.

I3 ypaxyBaHHSIM pPEKOMEHJOBAaHMX TEXHOJOTIYHUMH IHCTPYKLISIMH TEMIIEpaTyp
(depMeHTaLlii Ta KOMIIPOMICHOI TeMIlepaTypu Uil MIKpoOiallbHUX KYIBTYp BHOpaHHX
mpemnaparis oopanu aBa TemiepatypHi pexxumu — 20 1 30 °C mis gepMeHTallii BepIiKiB.
BcranoBieHo, IO HAaWBUINMA TEMI 3POCTaHHS THTPOBAHOI KHCIOTHOCTI BEpILIKiB
3apeECTPOBaHO I 3pa3ka, i (epMEHTalii sSKOro BHUKOpHCTOBYBanmu FD+La-5 i
temneparypy 30 °C.

Sk 3acBigUYIOTH pe3ysbTaTH, 3pa30K MiJ Yac CIJIBHOrO KyNbTHUBYBaHHS FD 1 La-5 3a
temnepatypu (epmentariii 30 °C AeMOHCTpye HaWKpanly JUHAMIKy HapoCTaHHsS Oiomacu
nporsiroM  QepmeHTanii i (i3MYHOrO BU3PIBaHHS BEPINKIB, OCKUIBKH KOHIIEHTpALis
YKUTTE3JATHUX KIIITHH Y IbOMY BapiaHTi Oyna Hail0inbIIor0.

[lomo BMICTY >KHUPHHX KHCIIOT, SIKi MPOSIBISIFOTH BHpaXKEHY Ol0JOrivHYy Ait0, TO iX
BMICT MPOSIBJISB YiTKY TEHICHINIO JO 30UIBIICHHS Y 3pa3Ky KHCIOBEPIIIKOBOIO Macia, Je
3aCTOCOBYBJIM  TOEJHAHHS 3MIIAHUX Me30(IIbHUX KYIBTYp 1 TepMOQLIbHOI
aruaoQIEHOT MaTMYKK Ta (hepMeHTaio Bepuikis 3a remmepatypu 30 °C.

BucHoBkn. PekomeHmyeTbcsi BHKOPHUCTOBYBATH Y TEXHOJOTI] KHCIOBEPIIKOBOIO
Maciia 3aKBallyBajbHY KOMITO3MIIIIO, CKJIaJIeHy 13 3MilllaHNX Me30(uIbHUX KyabTyp Flora
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Danica ta TepmodinbHOi MOHOKYIBTYpH Lactobacillus acidophilus La-5 Ta Temnepatypy
¢depmenTanii Bepukis 30 °C.

KarouoBi cnoBa: ghepmenmayis, eepuxu, Flora Danica, Lactobacillus acidophilus La-
5, macno.

Onrumizanisi BUPOOHMITBA MiKPOOHOI TPpaHCIJIIOTaMiHAa3u i3 Streptomyces sp.

I33er Typkep', Tokan Jlomypmxyk', Mexmer Tokati',
Xinan Icneporny', Bamy Koc?
1 - Vuisepcumem I'aziocmannawa, ¢paxyiemem npupoOHUX i MEXHIYHUX HAYK,
rkageopa xapuosoi inxcenepii, Toxan, Typeuuuna
2 - I'azianmenckuii ynigepcumem, (haxyivmem 00pa30mMeopuUx MUCmeyms, 2acmpoHomii
ma xkyninapii, I'azianmen, Typeuyuna

Beryn. 3 MeToro moJanbIioro CTBOPEHHsT MOAEN Utk MalOyTHIX JOCTI/KEHb Ha TEMY
BUKOPDHCTaHHS MIKpOOHOI TpaHCIJIIOTaMiHAa3W OyaM BUBYEHI METOAM ONTHMIi3aril
BUPOOHMLITBA MiKpoOHOI TpaHncriroraminazu (MTT).

Marepianu i metomn. BruuB temnepatypu, pH, cepenoBuia i tumy mramy Oyio
JIOCII/DKEHO 3 METOI0 BU3HAYCHHS MaKCHUMajbHOI aKkTHBHOCTI QepmeHTiB. Jlns
BupoOHuuTBa MTI Oynm BimiOpani m'aTh pi3HHUX IUTaMiB: Streptomyces mobaraensis
(NRRL B-3729), S. ladakanum (NRRL ISP-5587), S. lividans (NRRL B-12275), S.
sioyaensis (NRRL B-5408) i S. platensis (NRRL B-5486). [Iporiec pepmeHTAaIlil MpOXoIuB
y ABOX (epMEeHTaliiHUX CEpPEeJOBUIAX — TIJIIOKO3HO-KPOXMAIILHOMY 1 COEBOMY, SIKi
XapaKTepu3yBaucs pisHUMH okasHukamu pH i remmnepatypu (6,0; 7,0; 8,0 pH i 20; 30; 40
°C). AxruBHicTb MTI BU3Hauanacst mpoTarom 28 JAHIB KOJIOPUMETPUYHUM METOIOM.

PesyabraTtu i odrosopennsi. bakrepii S. mobaraensis, S. ladakanum i S. lividans
MIPOJIEMOHCTPYBAJIX OLIbII BUCOKI TEMIIH 3pOCTaHHs, HiXK S. sioyaensis 1 S. platensis. OTxe,
Juisl BUpOOHHMITBA (epMeHTIB Oynu oOpani Oaxrepii S. mobaraensis, S. ladakanum 1 S.
lividans. 3a 3Hauenr pH 6,0 HaiiBuiia aktuBHiICTH (epmentiB (0,036 om/mi) Oynma
nocsirHyta 3a 14 pgHiB g Oakrtepiit S. mobaraensis B TIHOKO3HO-KPOXMaJIBHOMY
cepenosuiti 3a 30 °C, a Ha 14-i1 neHb pepMeHTallii akTUBHICTH (DEPMEHTIB Pi3KO 3HU3UIIACS
JUTs BCiX ImtamiB Oakrepii. 3a 3HaueHHs pH 7,0 HaiiBuilla aKTHBHICTH (EpMEHTIB Oyna
OCATHYTa Ha 28-i JieHb i OakTepiit S. mobaraensis 3a Temnepatypu 30 °C. 3a 3HaUCHHS
pH 8,0 MTT He Bpmamocs oTpuMaTd B >KOJHOMY JKMBHIILHOMY CEpEJOBHII Hi 3a SIKOI
TemrepaTypu. J{i1st moyarkoBoro 3HaueHHs pH 6,0 3pocratounii piBens aktuBHOCTI MTI B
TIIIOKO3HO-KPOXMaJILHOMY CepeloBHILI 3a pizHuX Temnepatryp (20, 30 i 40 °C) Oy Bumunm,
HIX y cOeBOMY cepenoBui. bakrepii S. ladakanum and S. lividans He MOXyTh BHPOOJIATH
MTT 3a >xoIHUX YMOB.

BucnoBku. bakrepii S. mobaraensis noxazanu HaiiBunly GepMeHTATHBHY aKTHUBHICTh
MOPIBHAHO 3 IHINUMH INTaMaMH. [JIIOKO3HO-KPOXMallbHE CEpeHOBHINE € HaiOUIbII
ontuMaibHuM uis orpumanHs MTI. 3mina 3Hayens pH 1 TemmepaTypu BIUIMBae Ha
aKTHBHICTb (epMeHTiB. Halikpammu ymoBamu mist orpumands MTT e pisens pH 6,0 i
temnepatypa 30 °C.

KarouoBi cnoBa: wmikpoona mpancenymaminasza, s. Mobaraensis, gepmenm,
aKmueHicmo, epmenmayis.
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Komnuekcu 4- i S-niTpo3amimenux rerepoapuiabHux uuHamMoinoxiaaux 3 Cu(Il) i
BHU3HAYEHHS IXHbOI AHTUKOATYJISIHTHOI AKTUBHOCTI

Imiana Hixomosa', Mapin Mapinos?,
Ilers MapinoBa®, Aranac [imitpos’, Heiiko CtosiHOB'
1 — Pycencoruil ynieepcumem «Aneen Kanuesy, @inis 6 m. Pazepao, boneapis
2 — Aepapnuii ynisepcumem, Ilnosous, Boreapis
3 — Vuieepcumem «Ilaiciii Xinenoapckiy, Ilnoeous, boreapis

Beryn. Ommcano cunte3 kommekcie  Cu(Ill) 3 4- 1 S-HiTpO3aMilllEeHUMH
reTepoapIbHIMU [IMHAMOIJIOXITHUMH 1 JOCIIJHKEHO TXHIO aHTUKOATYJISTHTHY aKTUBHICTb.

Martepianu i meromm. Bci BukopucrtaHi XximiuHi peaktuBH Oyiau npuadaHi 3a
katasoraMu kommasii Merck 1 Sigma-Aldrich. Temneparypu 1iaBieHHS pPEYOBHH
BU3HaueHi Ha nudposomy npuctpoi SMP 10. JlaHi exemeHTHOro aHaiizy olep)kaHi Ha
anamizatopi Carlo Erba 1106. Yucrora pedoBHH mepeBipeHa METOJOM TOHKOIIAPOBOI
xpomatorpadii 3 Bukopucrantsm 0,2 mM miatiBok Kieselgel 60 Fysq (Merck, Himeyuuna),
emoeHT: cymimt CH,Cl, : CH;COCH; = 1 : 1 (06’emui cniBBigHomeHss1). Cnexrpu Y-
cnekrpockomnii 3amucani Ha crektpomerpi Perkin-Elmer FTIR-1600 (3pa3ku y Burmsai
tabnerok 3 KBr).

Pesynbratn i ob6roBopenHsi. Jliranmu, HEOOXifHI JUIs YTBOPEHHS BiIIOBITHHX
KOMIUIEKCIB, Oyiau oxepxani 3 4- 1 S-HiTpo3amimieHux 2-anwi-1,3-iHIaHAiIOHIB JBOMA
crocobamu: 3a Mmerogom Mosher i Meier, Rotberg i Oshkaya, a Takoxx aBTOpCHKHM
METO/I0M, HOBH3HOIO SIKOT'O € BUKOPUCTaHHS MIPOJiIMHY SK KaTtanizaTopa. J{ns onepixkaHHs
KOMIUIEKCHHX CITOJIYK J0 PO3YMHIB KIHIEBHX JITaHIB y JIIOKCaHI J0MaBaJId METAHOIBLHHUN
posuun Cu(CH;COO), H,0O. VTBOpeHi KOMIUIEKCHI CHOJIYKH KpPHUCTATI3yBaJUCS IiCIsA
OXOJIO/DKeHHS cymimi. s HOBOOJEp)KAaHMX CIIONYK BH3HAuUeHI (I3MKO-XIMivHI
mapameTpd, a TaKoK MPOBEICHO  CIEKTpalbHI  JOCHikeHHA. Ha  mimcraBi
EKCIICPUMCHTAJIbHUX JIaHUX 3aIlpOIOHOBAHO CKkiaj komiuiekciB [M(L'),] 1 3pobieHo
BHCHOBOK, III0 HAaWOUIbII iMOBipHa cTpykTypa komiuiekciB Cu(Il) mepenbavae HasBHICTBH
nBox gaemporoHoBanux OH rpym 4- i S-HiTponmHamoinmoxigHuxX. CHEKTPOCKOMiUHI
JIOCII/pKeHHsT aMopdHHUX 3paskiB mokazanu, mo komiuiekcu Cu(Il) xapaxrepusyroTbes
YOTUPUTPAHHOIO  TEOMETPHUYHOI0  CTPYKTYpOK.  AHTHKOAryisHTHa  aKTHBHICTh
CHHTE30BaHUX KOMIUIEKCIB OXapaKTepHU30BaHa IXHIM MPOTPOMOIHOBHM YacoM 1 IMOpiBHIHA
3 YaCOM BUXITHHX 4- 1 5-HITpo3aMillleHUX MoXigHux. [Toka3zaHo, 110 S-HITPOITOXiHI MalOTh
BUIIlY aHTUKOATYJITHTHY aKTUBHICTb, HIXK BiJIOBiHI 4-HITPOITOXiHi.

BucnoBok. Opepxxani HoBi kommiuekcu Cu(ll) 3 4- i S-HiTpo3amileHUMH
reTepoapmIbHIMU [IMHAMOLIIIOXITHUMH 1 BU3HAU€HA IXHS aHTUKOATYJISTHTHA aKTUBHICTb.
Komriekcu MoXyTh OyTH BHKOPUCTaHI Yy MaiOyTHIX TECTYBaHHSIX Xap4YOBHX IPOIYKTIB
POCIIMHHOTO 1 TBAPUHHOT'O TIOX OJPKEHHSI.

KuarouoBi cioBa: /, 3-indandionu, Cu(ll)-komnnexc, IR, PT, INR.
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Mpouecu i o6napgaHHA Xxap4yoBUX BUPO6GHULTB

Po3paxyHok HecTanioHapHUX I Y3iliHUX MAaCOBUX MOTOKIB caxapo3u JJisi KOMipoK
MIXKKPHCTAJIBHUX PO3YUHIB CaXapo3u CHCTEMH: «OIIbIINH KPHCTAJ YKPY—PO3YHH
caxapo3u OUIBIIOro KPUCTAJY—MEHIINH KPUCTAJ IYKPY—PO34HH caXapo3u MEHIIOro
KPHCTAJIY—yT(eJIb» B 32/1€KHOCTI Bi/l 4acy yBaploBaHHsSI IYKPOBOI 0 yTdeJio

Tapac I[Noropinuii
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. B maniii po0OTi  3ampONOHOBAHO ONMH 13 HACTYITHHMX CTalliB CTBOPCHHS
MaTEeMaTHIHOI MOJICi TIPOIIECY KPHCTATI3AIl caXxapo3u.

Marepianu Ta Metonu. [ OTpUMaHHS BEJTMYMH HECTALIOHAPHUX JU(Y3IHHUX MaCOBUX
TIOTOKIB Caxapo3u Ui KOMIPOK MIXKPHCTaJIbHHX PO3YHMHIB Caxapo3u pO3B’S3aHO OJHOYACHO
cucTeMy i3 7 HecTaliOHapHHMX 3ajad TEIUIONPOBIIHOCTI UIsi KOXKHOI OKpeMoi oOiacti 3i
CTalMMH Ta 31 3MIHHUMH TeIUIO(I3MYHUMH Koe(illieHTAMH, a TaKOK TPU OKPEMHX
HECTaIllOHAPHUX 3a/a4i qu(y31HHOr0 MacOOOMIHY TS YOTHPHOX 00JIacTell MiIKKPHUCTAIBHOTO
pO3UMHY caxapo3W 3i CTAIMMH Ta 3MIHHUMH KoedilieHTaMu JH(y31HHOr0 MacooOMiHy
YHUCEITBHUMHU METOIaMH (METO]T KOHTPOJIEHOTO 00°eMYy).

Pesyabratn i o0roBopenHsi. /[y jecsaiT BUIAJKIB BIJHOCHOTO 4Yacy YBapIOBaHHS
mykposoro yrgento tv/t, (t/t,=0,15; 0,2; 0,3; 0.4; 0,5; 0,6; 0,7; 0,8; 0,9; 1,0) Ha OCHOBI
OIHOYACHOTO PO3B’SI3KY HYOTHPHOX CHUCTEM HECTalliOHApHMX JH(epeHIialbHUX PIBHSIHb B
YaCTHHHUX TOXIHUX IMapadoiiyHoro Tumy (Tiepiua cucreMa — Ul HecTallloHapHOi 3anadi
TEIUTIONPOBIHOCTI; Ta TPH CHCTEMH — I HEeCTaliOHapHUX 3a/1a4 JuQy31HHOr0 MacooOMiHy)
3HAMIEHO PO3MOIT HEeCTAlOHAPHUX MU(Y31HHUX MACOBHX IMOTOKIB Caxapo3u I oOnacTeit
MDKKpPHCTaJIbHUX PO3YMHIB CaXxapo3H BCI€l PO3MIIIHYTOI CHCTEMH KOMIpoK. Brieprire Ha ocHOBI
TPOBEAICHNX PO3PaXyHKIB BCTAHOBJIEHO, IIO TPOIEC MEepEeTiKaHHS PO3YMHEHOi Caxapo3 3
KOMIPKH MDKKPUCTAILHOIO PO3YHMHY OJIHOTO KpHCTalla B KOMIPKY MIKKPHCTAILHOIO PO3YHHY
caxapo3d IHIIOrO KpUCTaia JiHCHO BiIOYBAeThCsl 1 B SIKOMY HamlpsMKY BiH BiJOyBa€ThCs.
Takox Briepiie OTpHMaHy KUIBKICHY BEIMUMHY AMQY31HHOrO MacoBOrO MOTOKY Caxapo3H MK
00JacTsIMU, IO TPEICTABISIOTh KOMIPKAMH MIDKKPHCTAJIBHUX PO3YHMHIB DI3HUX KpPHCTAIB
IyKpy. 3a BIiJHOCHOTO 4acy YBaproBaHHsA IykpoBoro yrdens t/t,=0,15 BimOyBaeTbes
MIePEHECEHHST PEUOBHHHU (caxapo3u) 3 obnacti 4 J1iBOi KOMIpKA MDKKPHUCTAJBHOIO PO3YMHY
KpucTaity 2 B 00J1acTh 3 IpaBoi KOMipKH MIXXKPHCTaJIBHOTO po34uHy Kprcrany 1. [Tpubnusno B
3a T,=2 C JocsraeThes ixHiil MiHiMyM. [lounHaroun 3 MOMEHTY Yacy T,=2,58 ¢ i BapiaHTy
PO3paxyHKy 31 CTaIMMH TEIUIOMI3UYHUMH KOe(IIliEHTaMHA CHTYallisl 3MIHIOEThCS Ha
MPOTIJICKHY, TOOTO MEPEHECCHHS caxapo3H BiIOYBAEThCS Bxke 3 0071acTi 3 B 00nacTh 4. 3a BCiX
K€ 3MIHHUX TerUIO(Pi3NYHNX XapaKTepHCTHKaX TMEepPEHECEeHHs caxapo3d 3a 4Yac IepeOyBaHHS
CHCTEMH KOMIpPOK B HarpiBaJIbHIN TPYOIl BCe Ie BiAOYBA€ThCS 3 00IacTi 4 B 00NacTs 3, a min
Yyac BUXOIy CHCTEMH KOMIPOK 3 HarpiBajbHOI TPYOKH IparHe 10 HyIsl, TOOTO, MPAaKTUYHO
BizicyrHs. OTxe, B LIbOMY BHIIJIKy OTPUMAaIM YiTKO BHUpPaKEHHH MIHIMyM IuQy3iiHOro
MacoBoro noroky. [Ipu BiJHOCHOMY 4aci yBaproBaHHS IyKpoBoro yrdens t/t, = 1,0 orpumainu
YiTKO BUPXEHHH MIHIMyM Ta MakCHMyM SIK JUISl CTallUX, TaKk 1 i1 BCIX 3MIHHHX
Ter1o(i3MIHNX XapaKTEPHCTHK.

BucnoBku. [lnsi KoKHOI 00nacTi, 10 mpencTaBise OO0 MDKKPUCTAIBHHHA pPO3YUH
caxapo3y, OTpUMaHO BEIMYHHY HECTAI[lOHAPHOTO ANU(Y31HHOrO MacOBOrO IOTOKY Caxapo3u B
3aJI©KHOCTI Bl 4acy KOHTAaKTy CHCTEMH KOMIPOK 3 HarpiBaJlbHOIO TpyOKowo. Brmepiue
BCTaHOBJICHO BEJIMYKMHY Ta HANPSMOK AM(]Y31HHOr0 MacoBOro MOTOKY MK JBOMa 00JacTsIMU
MDKKPHCTaJIBHUX PO3YHHIB CaXapo3H TEPILIOro Ta APYroro KpUCTalliB IyKpy.

KuarouoBi cinoBa: caxaposa, ougysis, pozuun, kpucmai, ymgin.
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InTencudikanis npoueciB MaconepeHeceHHs B ra30B0-PiAKUX cepeAoBHUINAX
AUCKPETHUM — iIMIYJIbCHUM METOI0M BBe/ICHHS eHeprii.

1 2 . o .

Ounexcanmp Beccapa6', Onexcannp OGoxosua %, Bitaniit Cizopenko’
1 — Hayionanvnuii ynieepcumem xapuosux mexvonociu, Kuis, Yxpaina
2 — Incmumym mexuiunoi mennoizuxu HAH Ykpainu, Kuis, Yxpaina

Beryn. Meroto gaHoro nocnijpkeHHss Oyna iHTeHcHdikalis mporecy aepauii
KYJIbTYPJIBHUX CEPEIOBUI METOAOM JUCKPETHO — IMITYJbCHOTO BBEACHHS €HEpTii, sSKuii
peai3yeThecsl B pOTOPHO — MYJIbCAIlITHOMY amaparti.

Marepianu Ta Metomu. [[ocimiKeHO TpoIiec aepallii KyJIbTypadbHUX CEPEIOBHUII B
TEXHOJIOTIT BUPOLIYBaHHS JpKIDKIB Saccharomyces cerevisiae METOIOM JHCKPETHO —
IMITYJICHOTO BBejieHHs1 eHeprii. I1IBuakicTh MaconepeHeceHHs KHCHIO BH3HAdamacs 3a
KUIBKICTIO 0i0MacH APIKIIKIB, BUPOIIECHHX 3a Mepiof] KYIbTUBYBaHH.

Pe3yabraTu Ta 00roBopeHHsi. B X0/l eKCIIEpUMEHTIB 3 KyJIbTUBYBaHHS JPIKDKIB Ha
MEJISICHUX PO34MHax Oysja BHU3HAUYEHA 3aJIeKHICTh IIBUJIKOCTI MacOIEpPEHECEHHS KHCHIO Bil
KYTOBOI MIBHAKOCTI OOEpTaHHS DPOTOPHOrO BY3Ja B KYyJIbTYPAJIbHHUX CEPEAOBHIIAX 3
BMiCTOM cyxuX pedoBuH 3 — 10%. 31 3MeHIIeHHIM BMICTy cyxux pe4oBHH Big 10 mo 5%
npu 00poO1Ii 3 KyTOBHH MIBUAKICTIO 48 00/C, IBUIKICTh MacorepeHocy 301IbmyeThes B 1,9
pa3u. 3i 30UTBIICHHIM YacTOTH MyJbcartiii Big 2 1o 3,85 kI, MBHIKICTH MaCOIICpEHECCHHS
3poctae Bia 4 10 6,3 1/ * To1 Ipu BMICTI CyXuX pedoBHH — 3% 1 Big 2,2 110 4 1/71 - roj 1Ipu
BMicTi cyxux pedoBuH — 10%. [lonanpiie nmiABUIEHHS! YaCTOTU ITyJbCALii IPU3BOIUTH 10
IHaKTHBAIi1 YaCTHHU JIPIXHKOBUX KIIITHH. BCTaHOBIEHO TaKOX, 1110 ONTHMANIbHE 3HAYCHHS
LIBHKOCTI 3CyBY MOTOKY cTaHoBuTs 90 — 100 - 10° ¢

BucnoBku. Pe3ympTaTé 1bOro AOCTIKEHHS CBiAYaTh MPO T€, LIO 3aCTOCYBaHHS
merony JIBE B aOcopOuiiiHMX TEXHONOTISIX JMO3BOJNSIE 3HAYHO IHTEHCH(]iKyBaTH
MacoOOMIHHI TPOIIECH.

KurouoBi ciioBa: maconepenecenns, abcopoyis, MiKpoopeanism, iHmeHcu@ixayis.

IinBumenns egpekTUBHOCTI Temonepeaayi B Tpyd4yacTomMy Tema1000MiHHUKY 3
roppoBanumu Tpydamu

Jxamanyrain Yanaes 1, Hina CunbHsrina 1,

Ouexciit IlImarox', Onexcannp HenGaiino'
1 — Incmumym mexniunoi mennogizux HAH Vkpainu, Kuis, Yxpaina
2 — HayionanvHnuti ynisepcumem xapyosux mexuonoeit, Kuis, Ykpaina

Beryn. JlieBum meromom  iHTeHcidimikaiii  Teruomepemadi B TpyO4acTHX
TEIJIOOOMIHHUKAaX € 3acTOCyBaHHS ToQpoBaHMX TpyO, ane B JaHUH 4Yac Hemae
YHIBEpCaJIbHOI METOIMKU PO3PaxXyHKY 1 MPOEKTYBaHHSI TAKMX TEIIOOOMIHHHUKIB.

Marepianu Ta wmeroau. BuBYeHO Temonepenarodi XapakTEPUCTUKH THYYKHX
ropoBaHuX TPyO 3 HEPIKABIFOYOI cTali 3 pisHUM npodinem rodp. BunpodyBansHuii creHn
SIBIIIE COOOKO TEIUIOOOMIHHMK THIy "Tpyba B TpyOi" 3 TIJIAAKO 30BHIIIHBOIO 1
MpoQiTbOBAHOI0 BHYTPINIHLOIO TPYOOI0, OOJIAJHAHWIM NAaTYMKAMH JUIS BHMIipIOBaHHS
TEMIIEpaTYPHUX 1 MiAPaBIiYHUX [TApaMETPiB MOTOKY.

Pesyabratu i o0roBopennsi. J[ocmi[DkeHHSI TEIUIONEPEHOCY Ta TiAPOAMHAMIKH B
TEIUTIOOOMIHHUKY «Tpy0a B TpyOi» 3 TO(pOBaHOI BHYTPINIHROIO TPYOOIO MOKAa3ajo, Mo B
niamazoni uucen PeiiHombaca Bim 4000 no 40000 mocsiraeTbesi 3HaYHa iHTEHCHUQIKALiS
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TEIJIOOOMIHY B TOPIBHAHHI 3 TPamuLUiiHUM TJIAAKOTPYOHUM  TEIUIOOOMiHHUKOM
30inbieHHss KoedilieHTa Teronepenayi ckiano Bixg 2,0 go 2,6 pasiB mpu 3pOCTaHHI
rigparmigyHoro omopy B 1,9..2,0 pasu. BcraHoBEeHO, IO IPH OIHAKOBHX YMOBaX IMOTOKY
TpyOM 3 Majol BHCOTOIO TO(PpPH 1 BEIMKAM KPOKOM To(pyBaHHS (CIiBBiJIHOIICHHS
Bucora/kpok — 1,9/4,0 mm) marote Ha 15..20% OLIBIIy KOHBEKTUBHYIO CKIIQJOBY
koedillieHTa TeIonepenadi B MOPIBHAHHI 3 TpyOamMH 3 BHCOKMMHU rodpaMu i ApiOHMM
KpOKOM TopyBaHHS (CIiBBiIHOIIEHHS! BUCOTa/KPOK — 2,4/3,2 MMm).

JI71s1 OIiHKM BIUIMBY TeOMeTpii TpyO Ha IHTEHCHBHICTH MPOIIECY TEIUIOOOMiHY Oyia
po3pobiieHa JBOBHMIpHA OCeCEMETpPUYHA KOMI'IOTEpHA MOJENb OJMHUYHOIO EJIeMEHTa
TeIsI000MiHHOTO amaparta. YucenbHe MOZENIOBAHHS TiIPOAWHAMIKA 1 TEIJIOOOMIHY B
KaHaJli OJJMHUYHOTO eJIeMEHTa M0Ka3alo, 0 MaTeMaTHYHI PO3paxyHKH TOCUTH OJNN3BKI 0
€KCIIEPUMEHTAIBHUX JIOCIIHKEHb.

3 BHUKOPUCTaHHSM JIaHUX  KpUTEpIaJbHUX  3aJI©KHOCTEW  po3paxoBaHMU 1
CIPOEKTOBAaHMH TEIMIOOOMIHHMK mOTyXHicTIo 350 kBT 1ms cucremu omaneHHs
aMIHICTPAaTUBHOI'O KOPITYyCY, JOCTIHA €KCIUTyaTallis SKOro MiATBepamia ¢(peKTUBHICTH
3aIpPOIOHOBAaHHUX TEXHIUYHHUX PIllIEHb.

BucnoBku. BukopucranHs rodpoBaHMX TpyO [JO3BOMWIO 30LIBLIIMTH KOE]Ili€HT
Tertonepenavi. OTpuUMaHi KpPUTEpiajbHI 3aJICKHOCTI JTO3BOJSIFOTH PO3paxyBaTH Ta
OINITHMI3YBaTH TpOLEC TEIUIONepeayi B TPyOYacTOMY TEIUIOOOMIHHUKY 3 THYYKHMH
ropoBaHUMHU TPyOaAMH.

KurouoBi ciioBa: meniooominnuk, coppompyba, mypoynizamop, menionepedaud.

ExoHoMiKka i ynpaBiHHA

MeTtoanyHi 3acagu peliTHHIOBOI OLIiIHKM iHBeCTHLiHOI MPUBAOIUBOCTI CIIBCHKUX
perioHiB ykpainu
Onexcanp SueHko
CxioHo€e8ponelicoKuil YHIBepCUmem eKOHOMIKU [ MEHEONCMEHMY,
Yepxacu, Yrpaina

Beryn. Crartst mpHcBsS4eHa JIOCTIDKEHHIO METOAMYHUX Ta TPAKTUYHHX 3acajl
PEUTHHTOBOT'O OILIHIOBAHHS 1HBECTUIIMHOI TPHBAOIUBOCTI CUTLCHKUX PETiOHIB.

Martepianu Ta Metomu. JloChmimKyeThCsl 1HBECTHIlIHA NPHUBAOIUBICTH CIIBCHKUX
pErioHiB Ha MpuUKIami obiacredl Ykpainu. Iy OMIHKMA IHBECTHUINHHOI TPHUBAOIUBOCTI
3aCTOCOBAHO CHHEPIreTHYHUI METOJA, METOJ TIOpiBHSHHSA Ta IHTETPAIBHOI OIIHKH.
BukopucraHo peHTHHTOBHH MiXil, SIKMH € HAWIONIMPEHIIINM Y MPAKTHUIll OIiHIOBAHHS
IHBECTHILIHHOT MPUBAOINBOCTI 3 BUKOPUCTAHHSIM CUCTEMH MOKa3HHKIB-1HANKATOPIB.

Pesyabratm Ta  00roBopeHHsi.  3anpoIlOHOBAHWH  aJNTOPUTM  OIHIOBAHHS
IHBECTHILIHHOT TPUBAOIMBOCTI PETiOHY, IO Nepeadavae MeBHY MOCIiAOBHICTb i, 3TiIHO 3
SIKOIO TIepIIN TPH €TalM € IMArOTOBYMMH, a HACTYIIHI YOTHPH € O0e3mocepeHbOI0
PEHUTHHTOBOIO OLIIHKOIO PETiOHY Ha Pi3HUX PiBHSIX.

3anpornoHoBaHa METO/AWMKA OIIHKMA I1HBECTHIIHHO-IHHOBAIIMHOI  NPHUBaOIMBOCTI
obnactel, sika I'PYHTYETbCS Ha BHKOPUCTAaHHI METOJIB CTaHAAPTU3allil Ta HOPMYBaHHS, a
TAKOXX Ha 3aCTOCyBaHHI Merony TmopiBHSHHSA. HaBerneHa TpboXpiBHEBa cucTeMa
MOKa3HUKIB-1HAWKATOPIB OIIHKM I1HBECTHIIMHOI MPUBAOIMBOCTI CLIBCHKHX PETIOHIB, IO
MIepIIOro PiBHS SIKOI BKIIIOYEHI IOKa3HWKM CKJIAJIOBUX 1HBECTUIIIHHOTO IMOTEHIIaNy, 10
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JIPYroro piBHS — ITOKa3HUKU 1HBECTHLIHHOTO PH3HMKY 1 A0 TPETHOrO PIiBHS — y3arajbHEHi
TOKA3HUKH iHBECTHIIHHOT IPUBaOINBOCTI PEriOHIB.

Ha ocHOBiI pe3y/ibTaTiB PEHTUHTY 3AIMHACHEHUN PO3MOINT CIIBCHKHX pErioHIB 3a
TUIIaMU iHBecTHLiHOrO KiiMaTy. CilbChbKI PErioHM MpeACTaBlieHi NMPAaKTUYHO Y BCIiX
PEHTHHTOBUX IPyMax MPUOJU3HO B OJHAKOBIH MPOIOPIIiI IO BiIHOIICHHIO IO YHUCEIBHOCTI
IPYI i, TAKUM YHUHOM, PEIPE3CHTYIOTh 3a IMOKAa3HMKAMH IHBECTHIIIMHOIO KJIIMAaTy BCi
perionu YkpaiHu.

BcranoBieHo, 110 ISl CUTBCHKUX PETiOHIB 1HBECTHUIlIHHA MPUBAOIUBICTH y OLIBIIOCTI
3aJISKHUTH BiJI PiBHS COLIaJIbHO-€KOHOMIYHOTO PO3BUTKY. /10 THITY iIHBECTHILIIHHOrO KIiMaTy
2B (cepenniil moTeHIias, NOMIPHHHA PU3HK) BiTHOCATHCS 6 CITBCBKUX PETIOHIB, J0 TUITY
3Bl (3HmWXKEHWi TOTEHIlial, MOMIpHUH pH3HMK) — 4 CUTBCHKHX pErioHiB, no tumiB 3B2
(He3HaYHMH TOTEHIial, oMipHUil pu3uK), 2C (cepenHiii moTeHmiaN, BUCOKUiT pu3uk), 3C1
(3HIWKEHMH MOoTeHIiaN, BUCOKHH pu3uk) Ta 3C2 (He3HAYHMIA MMOTEHIiaN, BUCOKHH PU3HK)
BiJTHOCSATBCS 110 TPU CUIBCBKUX peTioHiB. PerioHu 3 MiHIMaIbHUM pH3UKOM (THmH 1A, 2A,
3A, 1B) 3a po3paxyHKaMu BiJICYTHi.

BucnoBkn. Ha ocHOBI aHaiily iHBECTHLIWHOrO KJIIMaTy HaBENEHUH PO3MOALT
CUIBCHKMX pETIOHIB 3a IHBECTHLIHHMMHM THIAMH. Ha OCHOBI pe3ylbTaTiB pEeHTHHTY
1oOyI0OBaHa TUIIOJIOTISI CLITBCHKHUX PETIOHIB.

KurouoBi ciioBa: ineecmuyis, npusabausicmo, po3Umox, pecioH, peumune.
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AHHOTAIIMU

MuwyeBble TeXHONOrnmn

Conepmalme METaHOJa B BUHOIPAJAHbIX U IUIO0BbIX 6peH)1n: OCHOBHOIi IMOKa3aTeb
NOAJIHHHOCTH U 0e30MacHOCTH

Humurap Jumutpos, TatesiHa MonueBa, Banbo Xaiirapos
Hncmumym sunogpadapcemea u sHoro2uu, Gaxyivmem snonoeuu u xumuu, Ilnesen,
boneapus

BBenenune. MetaHoi Beerfia BXOAUT B COCTaB OpPEHAM HE3aBHCUMO OT TOT'O, U3 KaKOIro
UMEHHO (PYKTOBOTO ChIpbs ObUT mpom3BereH HamuTok. ConepkaHue MeTaHoja
MOATBEPKAAET MOITHHHOCT OPEH/IH, a €r0 KOHIIEHTPALUS SBIIACTCS TOKa3aTeNeM YpPOBHS
0€30IacHOCTH OPCHIU TS TOTPEOUTEIS.

Matepuaiabl U Metoabl. CojepXkaHdHe ajKorojid B JECATH Pa3IMYHBIX O0Opasmax
OpeHIU - IIECTH HAa OCHOBE BHHOIPAJa W YETHIPEX HAa OCHOBE CJIMB - ONPEICIIIN C
MTOMOIIBI0 aBTOMaTHdecKoro oyoka auctwuianuu Gibertiny BEE RV 10326. Conepxanue
METaHoJIa B OpEHAM ONpENeSsUIM C IMOMOINBI0 Ta30BOro xpomarorpada Varian 3900 c
kamwuipHor kosmonkodr VF max MS (30 m, 0,25 mum ID, DF = 0,25um), ocHamennoit FID.
CTaTHCTUYECKHI aHalW3 JaHHBIX [POBOAMIM C IIOMOIIBIO CTAHIAPTHOTO METO/Aa
OIpPEICIICHUS TOTPEITHOCTH.

Pe3ynbTaThl U o6cy:KaeHue. VccaenoBanue MoKa3ano, YTO COACPIKAHHUE aIKOroNis B
BUHOTpaJHOM OpeHu cocTaBisuio oT 36,00 mo 69,98 06.% (B cpennem 52,70 00.%). Jlns
CIIMBOBBIX OpeHIW 3Ha4YeHHe ATOro mokasatens cocraBisuio ot 40,00 mo 62,70 06.% (B
cpenreM 46,27 06.%). MetaHoi ObUT 00HapYXKEH BO BCEX HCCIICAYEMBIX 00pa3iiax OpeH/Iu.
Jlnst BUHOTpamHBIX OpeHOM coaepkaHue MeraHoia cocrtaBwio 0,20-0,56 1/ M3, a A
CITMBOBBIX - 1,08-2,98 /v,

IlepBbic Tpu o0Opaslla BHHOTPATHOIO OpPEHIM COIEpXKAT MEHBIIE METaHOoJa, YTO
OOBSCHSETCS HCIONB30BAHUEM IIEPETOHHOM YCTAHOBKH C JOIOJHHUTENHLHON KOJOHHOM
OYMCTKH M KOHAeHCaTopoM. biarogaps 3TOMy IOCTMIaeTCs JIydllas CTENeHb OYUCTKH
METaHOJIa II0 CPaBHEHHIO C JAPYTUMH TpeMs o0Opa3laMd BHHOTPAJIHOTO OpeH.IH,
JUCTHUTALMS KOTOPBIX MPOUCX O/ B OOBIYHBIX YCIIOBHSX.

Boree BBICOKOE coliepkaHWE METaHOJAa B CIIMBOBOM OpEHIM IO CPaBHEHUIO C
BUHOTPAIHBIM SIBJISIETCS HOPMAJIbHOM TEHIEHIIUEH, KOTOpas 0OBSICHIETCS 00Jee BHICOKHM
coJep)KaHWEM MEKTHHAa B IUIOJAaX  CIWMBBL.  [IeKTHH  SBIAETCA  BELIECTBOM-
MPEANIECTBEHHUKOM MeTaHoa. BBICOKOE cojepikaHMe MEKTHHA OOBIYHO MPUBOIAMT K
00pa30BaHUI0 OOJIBIIEIO KOJUUECTBA METAHOJIA B KOHEYHOM MPOAYKTE.

ConepkaHle METaHOJNIA B UCCICAYEMBIX 00pa3nax OpeHIM HE MPEBBIMIANI0 3HAYCHUM,
YCTAHOBJICHHBIX OCIBTHACKAM M €BPOMEHCKHM 3aKOHOAATEIBCTBOM (MaKCHMaJbHO
JIOITYCTUMBIN TIOKa3zarenb coctariser 10,00 /M’ ).

BuiBoabl. OnpesieicHHBIN B 3TOM HCCIICOBAHUM YPOBCHb METaHOJIA BO BCeX 00pasiiax
OpeHIU MOATBEPIWI MOMIMHHOCTh HamuTKka. CojepikaHue MeTaHoJla BO BCEX 0Opasiax
oTBeyaeT  TpPeOOBAaHUAM  OCHBIMHCKOTO M CBPONCHCKOTO  3aKOHOAATENIbCTBA.
HccnenoBanHbie 00pa3isl OpeH U 0e30MacHbI IS MTOTPEOICHNUS.

KiroueBble ciI0Ba: mMemanon, 6unozpao, causa, OpeHou, OUCmuiisayus, Manoll.
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HNuakTuBupyronmii 3¢g(peKT MUKPOBOJHOBOr0 HATPEBa HA MeKTHHMETHIIICTEpa3y B
aneJIbCHHOBOM COKe

Acmuxan Jemupnosen', Tanep Baiican’
1 - Ynueepcumem I asuocmannawa, Toxam, Typyus
2 - Deetickuti ynusepcumem, Vizmup, Typyus

Beenenue. naktuBamust (QepMEHTOB MPEACTABISET OCHOBHYIO CIOXKHOCTH MpPH
MIPOU3BOJICTBE AIEIbCUHOBOrO coka. OOBIYHBIA HArpeB J0 BBICOKUX TEMIIEpaTyp IUTOXO
BJIMSICT Ha TOTOBBIA MPOAYKT, BhI3bIBAas M3MEHEHHE 1IBETa, YXYIIUIEHHE apoMara | IOTepIo
aCKOpOMHOBOM  KUCJIOTBI. B~ 1MaHHOM  HWCCIENOBaHWUM Ui HMHAKTHBAILMU
nekTuHMeTIIAcTepassl (IIM3) npu npou3BOJICTBE aNeIbCHHOBOI'O COKa OBLT MCIOJIB30BaH
MeToJl MUKpoBoOHOBOro HarpeBa (MH), a ans ontumuzanun ycnosuit MH ncnonbs3oBanu
METOOJIOTHIO TTOBEPXHOCTH oTKiInKa (MIIO).

Matepuanbl 1 MeToAbI. B KauecTBe ChIpbs UCTIONb30BaNN anenbcuusbl (Citrus sinensis
Osb.) copra Hapen. Beuto wcciemoBaHo BIHMSHHE CKOPOCTH IMOTOKA W MOIIHOCTH Ha
aktiBHOCTH [IMD. OOpasibl aneabCHHOBOTO COKa MPOU3BOIMIM B ONTHMHU3UPOBAaHHBIX
YCIIOBHSAX, TOCJE Yero WX KaueCTBEHHbIE XapaKTePHCTHKH U TMapameTpbl MHAKTHBAIMH
[IMD cpaBHMBaNM C mapameTrpaMH HeOoOpaOOTaHHBIX KOHTPOJIBHBIX 00pa3loB COKa H C
0o0pa3IamMu Coka, IPOIICIIIMMU OOBIYHYIO TEPMUIECKYIO 00pabOTKYy.

PesyabraTsl u 06cyxnenue. Jiuneiinoie 3¢ ¢ekThl CKOpocTH NOTOKA (X 1) 1 MOIIHOCTH
(x2), a Tarxke KBagpaTU4HBIN d3PPEKT ckopocTH MoToKa (x12), MourHoCcTh (X22) U 3 dekT
B3aMMOJICHICTBUSI CKOPOCTH IIOTOKa ¥ MOMIHOCTH (X1,X2) OKa3bIBagM 3HAYHUTEIHHOE
BIUsIHUE Ha nHakTHBauuio [IM3 ¢ nomompsio MH. HecooTBeTcTBUE SKCIEPUMEHTAIBHBIX
JIAHHBIX HE ObUIO0 cratuctuuecku 3HayuMbiM (P> 0,05) mnst momemu.  Koaddurment
Bapuanuu (K.B.) coctaui 6,27%. TounocTs Mojienu cocTaBmia 6,788x10-3, 4To sBIIsieTCs
YIIOBJICTBOPHUTENBbHBIM pe3yibTaTtoM. Koaddurment nerepmunanuu (R?) cocraBmi 0,9793,
B TO BPEMs KaK CKOPPEKTUPOBAHHBIN KO GUINEHT eTepMUHALNK (CKOPPEKTHPOBaHHbIN
R?) cocraBun 0,9645. 3nauennss R?> u ckoppektupoBaHHOro koddduimenra R?
MPaKTHYECKA HE OTIMYAIUCh MEXKIY COOOMH, YTO IOKa3bIBaeT OTCYTCTBHE KapHHAIIBHBIX
pasnuuuii B Monenu. CHmkeHne aktuBHocTd [IMD Obuto oOHapyxeHO B 93-95% rpynn
MH. MnaktuBanus [IM3 npoxouT 10cTaToqHO OBICTPO B 3aBUCUMOCTH OT ycioBuii CBU-
HarpeBa. MHakTuBHpOBaTh [IM3D MOXXHO NpH yMEpPEHHBIX TeMIlepaTypax ¢ nomouisio MH
(40 ma/muur - 900 Br - 83°C) u MH (50 mi/mun - 900 Bt - 75°C). 3nauenus D,
BBIYHMCIIEHHBIE /IS IBYX onTuMaibHbIX yeiaouid MH u CH, coctaBunu 39,24 cek nins MH
(40 mur/muH - 900 Br), 38,76 cek ansas MH (50 mu/mus - 900 Br) u 70 cex g CH (95 °C -
60 cex). OOmiee coiepkaHue MEKTUHA yBETHMUWIOCh Ha 17,2% mocie npumenenus MH.
[MoTepst ackopOMHOBOI KHCIOTH B 00pasiie, noaseprayroM MH, Oblia Hike, 4eM B IpYTrux
o0OpasIax coka.

BouiBonbl. [Ipu MUKpOBOIHOBOM HarpeBe ObUT OOHApYKEH CHHepreTHueckuil ekt
BO3JICUCTBUSI MHUKPOBOJHOBOM DSHEpPruM M TeMIlepaTypsl Ha HHakTuBamuio I[IMD B
anenbcuHoBoM coke. MH (50 mu/muH - 900 BT) MOXXHO IIPUMEHSITH Uil TEPMUYECKOU
00paboTKH arenbCHHOBOTO COKa MpU yMepeHHBIX Temnepatypax (75 °C) s MHaKTUBAIMA
[IMD, a taxxke st yaydnieHHs (QyHKIMOHAIBHBIX XapaKTEPUCTHK alleIbCHHOBOTO COKa.
[onmyueHnslii pe3yabTaT HMeeT OONbIIOE 3HAYEHWE JUIA NPABHWIBHOTO XpaHEHHUs
aneJbCUHOBOTO COKa.

KiaroueBbie ciaoBa: anenbCcuH, COK, MUKPOBOIHOBOU Hazpes,  NeKMuH,
Memunacmepasa.
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Komno3nuuu jJakrodakTepuii Ajsi NpUMeHeHUs1 B MsiconepepadaTbiBalolei
NMPOMBIILIEHHOCTH

Jlionmuna Bunnnkosa', Aunpeit Kumrenst', Mpuna Crpamsosa’
1 — Oodecckas nayuonanvHas axademus nuwesvix mexronoauti, Odecca, Yxpauna
2 — Ooeccrutl HayuonanwbHulil yHueepcumem umenu U.U. Meunuxosa, Odecca,
Yxpauna

Beenenue. Hecmorpss Ha 0oJblIOe KOJIWYECTBO OaKTepHalbHBIX IPENapaToB,
MPUMEHSIEMBIX B MsicoriepepalaTbiBaroniell MPOMBIIIIEHHOCTH, aKTyaJbHOW OCTaeTcs
pa3paboTka HOBBIX 3aKBACOK M H3y4YEHUE BJIMSHHMI WX Ha pPa3BUTHE HEXKENaTeIbHOM
MHUKPOOHOTEL.

Martepnansl u Metoabl. lcciemoBanu Tajo- W TEPMOPE3HCTEHTHOCTH 8
KOJUIEKIIMIOHHBIX ~ IITAMMOB  JIAKTOOAKTepHUd W CO3JaHHBIX Ha HMX  OCHOBE
JIAKTOOAKTEPUAIBHBIX KOMIIO3UIMHA. AHTarOHUCTUYECKYI0 AaKTHBHOCTh B OTHOLICHHE
WHIUKATOPHBIX BBIICIICHHBIX W3 MSCHOTO CBHIPhS U KOJUICKIIMOHHBIX IITAMMOB OaKTepuit
OITPEIEIISTH JTYHOUHO-TU(PPY3UOHHBIM METOJIOM.

Pesyabratnl U obcyxnenue. [Ipu makcumanbHo#t (10,0%) xonunentpaumu NaCl B
cpeze KyJabTUBUpOBaHMs mTamMMbl L. plantarum 12 u 1005 xapakrepn3oBajuch BBICOKOW
WHTCHCUBHOCTBIO pocTa, mraMmbl L. delbrueckii s/sp. lactis 013 u L. casei s/sp. tolerans
290 — cpenneit. TepMOpe3UCTEHTHRIMH (CIIOCOOHBIMH C BHICOKOW HHTCHCUBHOCTBIO PACTH B
nuanasome ot 5 10 25 °C) BeIsBHIHCH mTaMMbl L. plantarum 12, L. delbrueckii s/sp. lactis
013, L. acidophilus 147, L. casei s/sp. tolerans 187 u 290. JlakToOaKTEpHH NPOSBHIH
AHTArOHUCTHYCCKYI0 AKTUBHOCTh M B OTHOIICHHUM BBIJICICHHBIX M3 MSCHOTO CHIPbs, U
KOJUIEKIIMOHHBIX IITaMMOB OaKkTepuil. POCT HEKOTOPHIX WHIMKATOPHBIX OaKTEpHid OHU
TOJIBKO 3aJIEP)KUBAIIM, NPYIHX — ITOJHOCTHIO MOJABISUIM. HawmydmiMu aHTaroHUCTaMu
oKaszanuch mrammel L. plantarum 12, L. delbrueckii s/sp. lactis 013 u L. casei s/sp. tolerans
290, nonHOCTRIO monasistomue poct Bacillus sp. 3, Kurthia sp., Planacoccus sp. 1, sp. 2,
Micrococcus sp. 2, Sarcina sp. u Staphylococcus sp., BBIOCICHHBIX U3 Msca, H
KOJUIEKIIMOHHEIX — Planacoccus citreus, Escherichia coli, Salmonella enteritidis.

Ha ocHoBe mitammoB L. plantarum 12, L. delbrueckii s/sp. lactis 013 u L. casei s/sp.
tolerans 290 ObuM co3MaHbl 9 BapUAHTOB KOMITO3HMIIUA M M3YUeH X OMOTEXHOIOTUUECKHIA
noTeHrMan. Bce KOMIOSMIMH ObUIH crocoOHBI pactu gaxe mpu 0 °C. HamGomee
YCTOWUYMBOW OKa3aynach 3akBacka L. delbrueckii s/sp. lactis 013 + L. plantarum 12 B
CcOOTHOIIEHUU 1:2, pocT KOTOpoW mpu 5 °C Gbln OLEGHEH KaK «OYeHb MHTCHCHBHBIID).
Komrmo3uiuu 51akToO0aKkTepuil CyIIECTBEHHO YrHETaJld POCT HMHAMKATOPHBIX OaKTepuil.
Pa3mepsl 30H oTCYTCTBUS pocTa OaKTepHi, BBIICIIEHHBIX M3 Msica Kojebaiuch oT 16 MM 1o
43 MM B 3aBUCHMOCTH W OT HHAMKAaTOPHOIO INTaMMa, WM OT Kommo3unuu. W3
KOJUIEKIIMOHHBIX OaKTepHii HanOoee YyBCTBUTEIBHBIMH BBISIBUIIUCH TPAMIIOIOKUTEIbHBIC
KOKKH P. citreus n M. luteus, pa3Mepbl 30H OTCYTCTBHSI POCTa KOTOPHIX B 3aBHCUMOCTH OT
KOMITO3UIIUH KoJIe0amnuch ot 34 MM 10 42 MM 1 0T 28 MM 10 40 MM, COOTBETCTBEHHO.

BoiBonbl.  TlomydeHHblE — pe3ysibTaThl  CBUJIETENBCTBYIOT O  TOBBINICHHH
OMOTEXHOJIOTMUECKOH  aKTUBHOCTH  JIAKTOOAaKkTepuii B  Kommo3uuusx. Hauboree
MIEPCIICKTUBHON ISl anpoOaiyy B MPOMBIILIICHHBIX YCIOBUAX SIBISACTCS KOMIO3HMIIUA L.
delbrueckii s/sp. lactis 013 + L. plantarum 12 B cootHomenuu 1:2.

KarwoueBbie cjioBa: msco, aakmobaxmepus, 2a10pe3UCTNEeHMHOCb,
MepMOpe3UCmeHmHOCMb, AHMAZOHUCTNUYECKAsl AKIMUBHOCHIb.
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3HHq)PITH])le H periiaMeHTHUPYEMBbIC MHKpOﬁHBIe KOHTAMHWHAHTHBI MUIIIECBOI'0
PACTUTEJBHOIO CHIPbA U IPOAYKTOB

Wnna Iununenxo, Jliromvmuna Iununenko, Enena CeBacthsaHOBa,
Esrenuit Kotnsap, Pycnana Kpydex
Ooecckas HayuoHaIbHas akademust nuuesvix mexroiaozeui, Qdecca, Yrpauna

Beenenue. Bruonornieckue OMacHOCTH KaK MPUOPUTETHBIE TIPU OIICHKE CTETIEHH PUCKa
BBI3BIBAIOTCS IPUCYTCTBHEM B IMHIIEBBIX MPOMYKTaX MHKPOOPTaHU3MOB.

Martepuanbsl M MeToabl. B KkadecTBe OOBEKTOB HCCICIOBAHHS HCIOIB30BAIH
pacrnpocTpaHeHHbIe BHIBI (QPYKTOB, OBOHIeH H sArom. M cmomb3oBaid OOUICTIPUHSTHIC
MHUKPOOHOIIOTHYECKHE METOIbI: Me30(hUIbHbIE adpOOHbIe W (PaKyIbTATUBHO-aHAIPOOHBIC
OakTepuu, TPUOBI M IPOXOIKH YUHTHIBAIHM MMOCEBOM IMOJA MsCO-TenToHHbIN arap (MIIA) u
arapu3oBaHHOe Cyclio coorBeTcTBeHHO, BI'KII ompenensuii moceBOM B KUAKHE
nmUTaTeNbHbie cpensl, Bacillus cereus n Clostridium perfringens onpenensiii METOIAMHU
ISO, mocienuuii ¢ pa3paboTaHHOM MPENBAPUTEIBHON 00pabOTKOM.

Pesyabratel W oOcyxnaenume. lV3ydeH TpynmoBod  cocTaB  SMUQPUTHBIX
MHUKPOOPTaHU3MOB, KOHTAMHUHHUPYIOIIUX PACIPOCTPaHEHHBIE BHIBI DPYKTOB, OBOIIEH, Sr0/1
Mo  ToKazarelmsiM:  Me3o(uibHbIE — adpobOHBIE U (PaKyJIbTATUBHO-aHAIPOOHBIC
Mukpoopranm3smMel (MADAHM), rpudsl, npoxku, konudopmbl (BI'KII). VYcraHosnena
3HAYHTENbHAS OOCEMEHEHHOCTh ChIPbS Me30(GMIbHEIME Oamwmuiamu ot 1,8:10° 10
7,6:10° KOE/r. Tloka3aHo, 4TO OCHOBHbIE HM30IHPOBAHHBIC MOP(OTHIIBI GAIMILT MOYXHO
OTHECTH K rpymre subtilis-licheniformis. CocTaB MUKPOOPTaHU3MOB PACTUTEIBHOTO CHIPhS
MO3BOJISAICT CYJAWTh KAaK O BO3MOXXHOCTH OSITHICMHOIOIMYECKOH OMACHOCTH, TaK U O
JOOPOKAYECTBEHHOCTH TPOAYKIMH. BOMPEKH CyIIECTBOBABIIEMY paHee MHEHHIO O
JIOMUHHUPOBAHUU CPEM SMUPUTHOW MHKPOOUOTHI IPUOOB, HAIIN PE3YJIbTAThl TOKA3AIH B
psiie ciiydaeB MPEUMYILIECTBEHHOE COJAEpKaHHE MAJOYKOBUIHBIX MHKPOOPTAaHU3MOB.
[Imoapl pasHBIX COPTOB, BBIPAINCHHBIE B OJUHAKOBBIX YCIOBUSIX H OJHOBPEMEHHO
coOpaHHBIC, pa3MUYAlOTCAd [0 MPeoONafaroIM BUAaM TpuOoB. [IpHOPHUTETHBIM
pa3paboTaHHBIM HAMH METOIOM OINpe/ieieHa KOHICHTPAIMS MaTyIHHA B 3aBHCHMOCTH OT
CTEMEHH TOPYH IUIONO0B. BOMNbIoe KOMHYECTBO MOYBEHHBIX MHKPOOPTAHH3MOB, BKIFOYAsI
OUYeHb CTOMKHE K HarPEeBaHUIO CIIOPHI M OakTepuu ponos Bacillus w Clostridium Haxonsarcs
Ha TIOBEPXHOCTH pPACTHTEIBHOIO CHIPhS, OCOOCHHO KOpHeIIoqoB. Kak mokasaiu
MPOBEICHHbBIC UCCIICOBAHMUS, BEPOSITHOCT OOHAPY)KEHHUSI OMIACHOTO ISl 3I0POBbS JIFOICH
Clostridium perfringens Ha JUCTBSIX 3€JIEHBIX pacTEHUH cocTamisieT 10 61%, Ha OBOIIAX—
1m0 39%. Mukpoopranusmel Tpymnbl subtilis-licheniformis SBASIOTCS AOMHHUPYIOIIMMU
KOHTAMHUHAHTAMHU CBHIPbs, MPEBAIHPYIOT B COCTABE MHKPOOHOTHI MPOAYKTA TEpes
cTepunu3aiyeil 1 oOHAPY)KEHBI B OCTATOYHON MHUKPOOHOTE TOTOBBIX KOHCepBOB. Cpemu
BBIJICTICHHBIX M3 PACTUTENBHOTO ChIPhs OakTepuil OBUTH OOHAPYKEHBI areHThI MHIIEBBIX
otpasienuii — Bacillus cereus w np. Bacillus cereus oOHapyxkeH B 6,2% HUCCICIOBAHHBIX
o0Opas3ioB ¢GpykToB, 33% mnpod MopkoBu, 21% mnpob6 mnerpymku, mo 9,5% mpob
KOHCEPBUPOBaHHBIX POTYKTOB.

BoiBosbI. Bhicokasi TepMOYCTOHYHBOCTH CIIOPOHOCHBIX MHKPOOPTaHU3MOB ChIPbSi, B
TOM YHCIIE UCTIONB3YEMbBIX B KQUeCTBE TECT-KYJIBTYp, MOXKET 00YCIaBIMBATh UX HAIHYUE B
KOHCEPBHUPOBAHHBIX MIPOIYKTaX, ObITh PUUHHON YXY/IIICHHS OPTaHOMENITHICCKUX CBOHCTB
MPOAYKTOB U BBI3BIBATH TOKCHUECKUE BO3JICHCTBHS Ha OPTaHHU3M.

KaroueBsie cinoBa: snugum, mukpoopeanusm, pacmenue, KOHCEPBUPOBAHUE, NATIYIUH.
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HpnMeHelme NPUPOIHBIX MaceJI B Ka1€CTBE OMOJIOrNYeCKH AaKTHBHBIX HHI'PEIUCHTOB
KOCMETHYIECCKHUX CPEACTB

Banepuii Mank, TaTtbsHa [lonoHckas
Hayuonanvnwiti ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

Brenenue. KoMoHeHTHI Macell BCTpauBalOTCs B JIMIUAHBIE CTPYKTYPHI pOTOBOTO CIIO5
SMHAEPMHUCA, U3MEHSISI CBOMCTBA SIHEPMaIbHOrO Oapbepa. BaxxHeiimed xapakTepucTUKOn
KUPHBIX  pAacCTUTENIFHBIX Macel, ONpeJeNSIoOme HMX CBOWCTBA  KOCMETHYECKHX
WHIPE/IMEHTOB, SIBJISIETCS COJIEPIKaHUE CIIOKHBIX A(HPOB KUPHBIX KUCIIOT.

Matepuanbl U MeTobl. [ co3/1aHMsT KOMIIO3UIIMHU KHUPOBOW (Pa3bl KOCMETHYECKHX
CpPE/ICTB SMIHMPHYECKUM METOJOM COCTABIISUIM CMECH PACTHTENBHBIX Macell (KOKOCOBOE,
MaJIbMOBOE, MUHAAJIBHOE, BUHOTPAJHBIX KOCTOYEK, OJMBKOBOE, KYKYPY3HOE, KYH)KYTHOE,
3apOoAbIIIeH MIICHUIBI U JPYTHE), JXUPHOKUCIOTHBIH COCTaB KOTOPBIX HMUTHUPYET COCTaB
KJIETOYHBIX MeMOpaH. JleTekims IKUPHBIX KHCIOT OCYIIECTBISUINCH Ha Ta30BOM
xpomarorpade npouspoactsa Hewlett-Packard HP6890 o o0mienpuHATON METOTUKE.

PesyabraThl U o0cy:kaenne. BozMoxkeH sMnupuyeckuil mogdop cMecu Maces, WId
pacyer CMEeCH I10 OIIPE/IeNICHHOMY AITOPUTMY M3 MMEIOIErocsi Habopa Macen ¢ U3BECTHBIM
KUPHOKHCIOTHBIM ~COCTaBOM. Pe3ylbTaThl CKpPUHHHTAa SKUPHOKHCIOTHOTO —COCTaBa
TPaJULIHOHHBIX KOCMETHYECKUX Mace MOKa3bIBAIOT, YTO )KUPHBIE KHCIIOTHI COJEPIKaTCs BO
BCEX H3BECTHBIX JKUpax M Macjiax, OJHAKO HX COAEpKaHHWE KojeOlercs B HIMPOKUX
npezenax. Hawmbonee cOasaHCHMpOBaHHBIMH TIO COCTaBY SIBJISIIOTCS apaxHMCOBOE, Macio
3apOAbIIIeH MIIEHHIB, OJWBKOBOE, KOKOCOBOE, MHUHJAJIbHOE, IalbMOBOE M DPaIiCOBOE
Macia. OJHaKO COCTaB HU OJHOTO W3 IPHBEACHHBIX WHIUBHIYaJbHBIX Macea He
COOTBETCTBYET HOpPMaM KocMerojoruu. lccienoBaHO XapakTepHOE COOTHOIICHHE
JIMHOJIEBOM M OJIEMHOBOM KHCIIOT, KOTOPOE JJIsl HOPMAJILHOM 3/I0POBOM KOXKH COCTaBIISIET
mopsinka 1:1,8, B TO Bpems Kak Ui CyXoH KOXKM OHO COCTaBiseT npumepHo 1:4,7.
Hanbonee onTuManbHON C TOYKM 3pEHUS] COAEPKAHUS MOHO- M IIOJMHEHACBHIIIEHHBIX
KUPHBIX KHCJIOT SIBJSIETCS KOMIIO3HMIIMS, COJEpKalasi KOKOCOBOE, KYHXXYTHOE W
mreHnyHoe Macina. CootHomenue uHoseBol (C18:2) u onennosoit (C18:0) xucmor B Helt
cocraBisieT 1:8 u siBnsieTcs aJieKBaTHBIM U1 HOPMaJIbHOW 3JI0POBOI KOXKH, 2 COOTHOIICHHE
MOJIMHEHAChIeHHbIX  JuHONeBol (C18:2) wu  ampda-nmunonenoBoit  (C18:3  ®-3)
npubImKaeTcs K Ouonmormdeckd 3QQEeKTUBHOro ypoBHS W cocraBiser 1:11 mporus
uaeansHoro 1:10.

BoiBonbl. Takas kocmerwueckass 0a3a TIONHOCTBIO COCTOMT M3 HATypallbHBIX
pacTUTENBHBIX Macel W NpelHa3HayeHa Uil NPUMEHEHUs B pelenTypax >XHPOBBIX U
SMYJIBCUOHHBIX KOCMETHYECKHX CPENCTB I yXOJAa 3a CyXOH pa3aparkeHHOH KOXeH, ee
MTUTAHUSA ¥ CMATYCHUS.

KaroueBsle ciioBa: macno, kocmemuxa, Kocd, cocmas.

HUccaenoBanue PE€OJOrHIE€CKUX CBOWCTB PAaCTBOPOB KeJaTUHA 1/ IPOU3BOACTBA
0€e3rJII0TEHOBBIX MaKapOHHbIX M3t

Anexcannp PoxxHo, Enena Ilomo6wuii, Bepa FOpuax
Hayuonanvnwiti ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

Beenenue. [lns  QopmupoBaHHs OE3IJIIOTEHOBBIX MaKapOHHBIX —HM3JEIHA U3
KYKYPY3HOH MYKH, BaXHBIM SIBJSIETCS BBIOOp CTPYKTYypOOOpa3zoBaTels, OIpelelieHHe
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croco0a ero BHECEHUs M JIO3UPOBKU Ha OCHOBAHWH M3YYEHHS PEOJIOTHYECKUX CBOWCTB €ro
PacTBOPOB M BIIMSHHS Ha KAYE€CTBO W3JICIIHH.

Matepuanbl u Mertoabl. lccnenoBaHbl pEONOTHUECKHE CBOWCTBA KOJUIOMIHBIX
pacTtBopoB xenaTuHa KoHueHTparmeidt 0,50—1,25%, mpuroToBIeHHBIX NpHU TeMIeparype
Bomel 20 °C wum 40 °C w nponmomkurensHocTH HaOyxaHus 40 MuH. #
60 °C 0e3 HaOyxaHus. OnpesieNsuin BI3KOCTh STHX pacTBOPOB Ha BHCKo3uMmerpe Peorect-2,
mpu temmepatype 20 °C. OnpeneneHo BJIMSHHE PacTBOPOB CTPYKTYpOooOpas3oBaTens Ha
TOKa3aTeNH Ka4eCcTBa MaKapOHHBIX M3JIEITHH.

Pesynbratsl. [Ipu TemnepaTtype HaOyxanus sxenatuna 20 °C nuHaMu4ecKas BI3KOCThb
pa3pyLIeHHOH CTPYKTYPbl KOJUIOWIAHOTO PAacTBOpa C YBEIMUYEHHWEM €ro KOHIIEHTPAIUHU C
0,50% mo 1,25% cumxaercs ot 59,10 Ila-c mo 21,89 Ila-c, 3a uckiIIOUeHUEM pacTBOpa C
koHIentpanuei 1,00%, 111 KOTOPOro HaONIOIACTCs AaHOMAHS BA3KOCTH, a BA3KOCTh paBHA
531,90 Tlaec. AwHanOru4HbBIE UCCIENOBaHMS, IPOBEACHHbIE TPH HaOyXaHHU MpHU
temrepatype Boabl 40 °C, mokaszaiu, 4TO BCE€ KOJUIOMJHBIE PAaCTBOPBI JKENAaTHHA TPH
koHueHtpauun 0,50-1,25% sBnsitoTest mceBpomIacTHIecKuMu xuakoctsmMu (Pxl = 0),
HUMEIOT 3HAYUTENHbHO 00Jee HU3KYI0 NUHAMHYECKYIO BS3KOCTh KaK pa3pylICHHOH, Tak U
Hepa3pyLIeHHOH CTPYKTYphl M HHU3KYIO INPOYHOCTh CTPYKTYPHOTO Kapkaca, 4YeM Iph
Temnepatype HaOyxauums 20 °C. Jlna obOpasua c¢ koureHtpanueit 0,75% HaOmromaercs
aHOMaJIMsl  BSI3KOCTW: TPU OTOW  KOHIEHTPAMM pacTBOP HMMEET HauOOJIBLIYIO
JUHAMHYECKYIO BSI3KOCTh HEpa3pyLIEHHOH CTPYKTYpPbl W JUHAMHYECKYIO BSI3KOCTb
pa3pyIICHHON CTPYKTYPhI, cCooTBeTCTBeHHO 94,56 1 1,35 Ila-c, Haubonbmee 3HaueHue 10—
nm — 93,21 INa*c U OMHOBPEMEHHO HAUOOJBIIYIO IPOYHOCTH 00PA30BAHHOTO CTPYKTYPHOI'O
kapkaca 425,52 Ila. MakapoHHbIE W3JETHUS, W3TOTOBJICHHBIE C HCIOJb30BAHUEM TaKUX
pacTBOpoOB, UMEIOT Jydliee kadecTBo. IIpu Temnepatype 60 °C pacTBOpbI UMEIOT HU3KYIO
BSI3KOCTh M IIPOYHOCTh, TO €CTh OOpa3yroT ciadble TelH, KOTOpble He OOECIeYMBAIOT W
XOPOIUIET0 KauecTBa MaKapOHHBIX U3JIEIHUH.

BeiBoa. YcranoBneHo qo3upoBanus xxenatuda 0,75—1,0% k Macce MykH U mapaMeTphl
MIOATOTOBKHU €r0 K MPOHU3BOJICTBY — HaOyxaHue B Tedenue 40 muH. mpu Temneparype 40-20
°C COOTBETCTBEHHO, KOTOpHIE OOECIEYMBAIOT CaMyI0 BBICOKYIO BSI3KOCTh PacTBOPOB
xenatuHa 94,6—531,9 I1a'c ¥ COCOOCTBYIOT MOTYYCHHIO U3ICITHI XOPOIIEro Ka4eCcTRa.

KaroueBslie cioBa: sicenamun, 003Upo6Ka, 833K0CHb, pACMEOp, KAUeCcmeo.

Muxkpobuonorus, 6uorexHonorus

MukpoouoJiornyecKoe uccjieoBaHne TUKNX, KYJbTHBHPOBAHHBIX
(Mytilus galloprovincialis L. 1819) u ¢papuupoBaHHBIX MUTUI

Jemer Kocatene', ['ékaii Tamkas?, Xynst TypaHz, Smann Kast®
1 - Ynueepcumem 2. Cunon, Lllxona mypusma u omenbHo2o meHeodicmenma, Kageopa
MmeHedxcmenma cayoicovl numanus, Curnon, Typyus
2 - Vnusepcumem 2. Cunon, paxyivmem polOH020 X038UCmea, Kagheopa mexHoaiocuu
polooodopadbomku, Cumnon, Typyus

BBenenune. B pabore wuccienyroTcs MHUKPOOHONIOTMYCCKHE CBOMCTBA TUKHX U

KYJIbTUBUPOBAHHBIX MHﬂHﬁ, a TaKXe q)apIJ_II/IpOBaHHI)IX MHﬂHﬁ, KOTOPbIC NPOAAIOTCA B
peCTOpaHax U YINWYHBIX TOPIroBBIX TOYKAaX B aBI'yCTe€ U CeHTH6pe B I. CuHoI.
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Matepuanbl u MeToabl. C MOMOIIBIO CTAHAAPTHBIX MPOLEAYpP OBUTH HCCIIeI0BaHbI 68
obpasnoB mumuii (Mytilus galloprovincialis L. 1819), a Taxxke ¢dhapuipoBaHHbBIC MUIIVH, B
KOTOPBIX ONpEeNsuid o0Iee coepikaHue a3poOHBIX Me30(HIbHBIX OaKkTepui, OakTepuii
Coliform, Escherichia coli u Vibrio spp. OT60p npo0 is MEKPOOHOJIOIMYECKOTO aHAIN3a
MIPOBOJIMIIM B aCENTHYECKUX YCIOBUsX. Bce MUKpoOMonornieckre aHannu3bl IPOBOHINCH
TPOEKPaTHO.

Pesyabratel m o6cy:knenue. HavanmpHble NOKazaTen CyMMapHOTO KOJIMYECTBa
a’pOOHBIX ME30(QMIBHBIX OakTepuid, KomudopMHBIX Oaktepuit E. coli B aukux u
KYJbTUBUPOBAHHBIX MUJUSX B aBTYCTE COCTaBHIIM, COOTBETCTBEHHO, 4,04 In KOD/r u 3,55
In KOO3/r; 3,69 In KO3/t u 3,09 In KOS2/r; 0,59 In KO3/r u 0,39 In KO3/r. Obmee
KOJIMYEeCTBO OakTepHii, KOMUPOpMHBIX OakTepuil u 0akrepuit Vibrio spp. B AUKUX MUAUSIX
ObLIO BBINIE, YeM B KyJIbTUBUPOBaHHBIX (p<0,05). B KynbTHBUPOBaHHBIX MUIHUIX OaKTepHi
Vibrio spp. oOHapy»eHO HE OBLIO.

OO11ee KOIMYECTBO a’pOOHBIX Me30(MIBHBIX OakTepui, KOMU(POPMHBIX OaKTepuil u
6akrepuii E. coli B papmrpoBaHHBIX MUNSIX, KOTOPBIE MPOJABAIKCH B YAHYHBIX TOPTOBBIX
TOYKax B aBrycTe, MPEBBIIIAJ0 3TOT MOKa3aTedb IS (aplIMpOBaHHBIX MUJAWH, KOTOPHIE
MPOaBaJIMCh B pecTopaHax B 3TO e Bpems (p<0,05). B cenrsope Oakrepuu E. coli He
ObUTH OOHapyXeHbl B oOpasiax (paplIMpOBaHHBIX MHIUH, KOTOpbIE MPOJABAJMCh KakK B
pecTopaHax, Tak ¥ B YJIMYHBIX TOPTOBBIX TOYKax. B aBrycre m ceHTsOpe copepkaHue
a’poOHBIX OakTepuil B 00pa3lax (apIIMpOBaHHBIX MUAMN HE TPEBBIMIANO JOITYCTUMBIX
npeaenbHbIX 3HadeHuid (6 In KOJ/r). bakrepun Vibrio spp. Obuin oOHapy»KeHBI BO Bcex
obpasuax (apuIMpoBaHHBIX MUAWH, KpoMe TeX (apIIupOBaHHBIX MHUIUHA, KOTOpBIE
MPOJABAJINCH B YIMYHBIX TOPTOBBIX TOUKAX B CEHTSIOpE.

dapurpoBaHHbIe MUIUK OBUTH IIPUTOTOBIIEHBI M3 AUKUX MHUIUNA U 00lIee cojepiKaHne
a’poOHBIX Me30(miIbHBIX OakTepuil, komudopMHBIX OakTepuit U Oakrepuil E.coli B HUX
MIPEBBIIIANO COACPIKAHHUE ITHX JKe OaKTEpUil B IMKUX MUJUSIX.

BuiBonbl. bakrepun E. coli He Obutn oOHapyKeHbl B (DapIIMPOBaHHBIX MHIHSAX,
KOTOpBIC TPOIAaBAIUCh B PECTOpaHaX B aBTyCTe M CEHTIOpe, a Oakrtepum Vibrio spp.
OoOHapyXeHbl B JBaJIIaTH CEMH M3 COpPOKa BOCBMH O0pasloB (hapIIMpOBaHHBIX MUIU,
KOTOpBIE ITPOIAaBAIUCH B PECTOPAHAX U YJAMYHBIX TOPTOBBIX TOYKAX.

KiaroueBnle caoBa:  wmuous, gapwuposannas — mudus,  e.coli,  coliform,
30pasooxpanentue.

OnTuMH3anUs MPOU3BOICTBA MUKPOOHO# TPAHCIIIIOTAMHHA3LI U3 Streptomyces sp.

Uszer Typxep', [okan Jomypmkyk', Mexmer Tokatu',
Xunan Ucneporny', Bary Koc?

1 - Ynusepcumem I'asuocmannawa, paxynomem ecmecmeeHubix U mexHu4ecKux Hayx,
rkageopa nuwesou undcenepuu, Toxam, Typyus
2 - F'azuanmenckuil ynusepcumem, (axkyivmen U300pasumenbHulX UCKYCCMa,
eacmponomuu u Kynunapuu, I asuanmen, Typyus

Beenenne. C 1ebl0 IOCIEAYIOMIET0 CO3AaHUA MOJEIH A1 OYAYLIMX HCCIlel0BaHUi
Ha TEMY MCIOJB30BaHUS MUKPOOHO!H TPaHCIIIFOTAMHHA3bI B pa0b0Te ObUIN U3y4EHBI METOIBI
OINTHUMU3AIMY TIPOU3BOACTBA MUKPOOHO# TpaHcrmoTamMmuHazsl (MTT).

Matepuanbl U MeToabl. BrusiHue temnepatypsl, pH, cpensl U TMna mramma ObLUTO
UCCIIEIOBAHO C LEJIBI0 OIpeleleHHs MaKCUMAaJbHOH aKTHBHOCTH (epMeHTOoB. Jlis
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npousBogacrBa MTIT Obut  OTOOpaHBI MATH Ppa3iIMYHBIX INTAMMOB: Streptomyces
mobaraensis (NRRL B-3729), S. ladakanum (NRRL ISP-5587), S. lividans (NRRL B-
12275), S. sioyaensis (NRRL B-5408) u S. platensis (NRRL B-5486). IIpomecc
(epMeHTaIUMKM NPOXOJWI B NBYX (DEpPMEHTAIMOHHBIX CpPEAax, INIIOKO3HO-KpPaxXxMaJbHOH U
COEBOH, KOTOpBIE XapaKTepPH30BAJIHCh pPA3IMYHBIMU TMOKazarensmMu pH u Temmeparypsi
(6,0; 7,0; 8,0 pH u 20; 30; 40°C). AxtuBHocts MTI" ompenensiiach B TedeHue 28 mHEH
KOJIOPUMETPHYECKUM METO/IOM.

PesyabraThl U obcy:xnenue. bakrepuu S. mobaraensis, S. ladakanum u S. lividans
MIPOJIEMOHCTPUpOBaIK Oojiee BBICOKHE TEMIbI pocTta, 4eM S. sioyaensis u S. platensis.
CrneoBatenbHO, IS IPOU3BOACTBA (PEPMEHTOB ObLTH BHIOpaHbI OakTepuu S. mobaraensis,
S. ladakanum w S. lividans. Tlpu 3Hayenun pH 6,0 HauBbICIIAsh aKTUBHOCTH (DEPMEHTOB
(0,036 en/mi) Obuta mocTHrHYTA 3a 14 mHel juisa Oaktepuit S. Mobaraensis B TJIIOKO3HO-
kpaxmanbHoi cpene npu 30 °C, a Ha 14-i neHb (epMEHTAalUH aKTUBHOCTH (DEPMEHTOB
pe3Ko cHU3MIach Uil Bcex mramMMmoB Oaktepuil. Ilpm 3Hayenum pH 7,0 HauBbIcImas
aKTUBHOCTH (hepMEHTOB ObLTa TOCTUTHYyTa Ha 28-U JeHb I OakTepHil S. mobaraensis mpu
temnepatype 30 °C. Ilpu 3nauenmu pH 8,0 MTI' He ynamock MONy4uTh HU B OJHOU
MUTATENBHON Cpele HU TNpH Kakoi Temmepartype. s HawanpHoro 3Hauenust pH 6,0
pactyuuii ypoBeHb akTuBHOCTH MTI' B TTIOKO3HO-KpaxMajbHOW Cpefie MpU pa3IuuHBIX
temrepatypax (20, 30 u 40 °C) Obu1 BbIIIe, yeM B coeBoil cpeae. bakrepuu S. ladakanum
and S. /ividans ue moryt BeipabaTbiBaTh M T HU ITpU KaKKMX yCIIOBHSIX.

BuiBonbl. bakrepun S. mobaraensis Mokaszainm camyl0 BBICOKYIO (DepMEHTATUBHYIO
aKTHBHOCTb IT0 CPABHEHHIO C IPYTUMH IITaMMaMU. [ JTFOKO3HO-KpaxMallbHas cpena Oosblie
Bcero noaxonut ans nonydenus MTI. U3menenue 3Hauenuii pH u temnepaTypbl BIUSET
Ha aKTHBHOCTH (pepMeHTOB. Hawmmy4ymmmu ycioBusamu mist nomydenus MTT sistores
ypoBenb pH 6,0 u Temnepatypa 30 °C.

KiroueBble cioBa: mukpobnas mpaucerymamunasa, s. Mobaraensis, gepmenm,
aKxmueHocmo, epmenmayusi.

Bansinue TexHOJOrM4YecKHX NapaMeTpoB (pepMeHTAMH CJIMBOK HA opMoBaHue
(pYHKIHOHAJIBHBIX CBOWCTB KMCJIOCIHBOYHOI0 MacJjia

JTio6oBs Mycnit', Opsicst Liucapuk', Mpuna Crneka', Oner TaneHko”
1 — JIv606CKUTL HAYUOHATLHBLI YHUSEPCUMEN 8eMEPUHAPHOU MEOUYUHBL U OUOMEXHON02UL
umenu C.3. Icuyroco, Yxkpauna
2 — Hayuonanvuwiii ynusepcumem nuugedvlx mexuonoautl, Kues, Yxpauna

Beenenue. Onpenenstomumu  (akTopamMH IPOU3BOJCTBA KHCIOCIMBOYHOIO Macia
SIBIISIFOTCS TIporiecchl hepMeHTanuu (OAOOp 3aKBACOYHBIX KYIBTYP, UX COOTHOIIEHHE M
OITpeIeIeHUsI ONITUMAJILHBIX TEXHOJIOTHUECKHX MapaMeTpoB pepMeHTamu) U Gpuzndeckoro
CO3pEBaHUs CITUBOK.

Matepuanbl ¥ MeTOABI. AKTUBHOCTH KHCIOTOOOpa3oBaHWS TpH (QepMeHTalUH
CIIMBOK OIPEAEISIA M0 M3MEHEHUIO TUTPYEMOH M aKTHBHOW KHCJIOTHOCTH. KoimdecTBo
KU3HECTIOCOOHBIX KIeToK Flora Danica w Lactobacillus acidophilus La-5 Obuia
MOJICUNTaHAa IIyTe€M II0CeBa IIpU ucmoib3oBaHMM cpeasl M17 Agar CM 0785 u
Lactobacillus MRS Agar M 641-500G (Himedia). JKupHOKHCIIOTHBIH COCTaB 0Opa3IioB
Macjia HUCCIIE[IOBaJId  METOJIOM  Ta30KHIKOCTHOH  Xpomarorpadyd Ha  Tra3oBOM
xpomatorpacge Hewlett Packard HP-6890.

PesynbtaTtel M o6cy:xkaenue. lcrmonb3oBaHME B IPOM3BOACTBE KHCIOMOJOYHBIX
MPOAYKTOB KOMIIO3UIIMK, KOTOpBIE Hapsily C OIpPEICICHHBIMH JIaKTOOAKTEPUIMH,
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coJiep)Kalllie  MOHOKYJBTYPHl ~NPOOMOTHYECKMX IITAMMOB, TO3BOJSIET — ITONYYHTh
HE3aMEHMMBI C TOYKM 3PEHHS COBPEMEHHON THETOJOIMH MPOAYKT IUTAHHS C
MPOOHOTHYECKUMH, 037[0POBUTEIBHBIMU M 338 [aHHBIMH CIIEIHATLHEIMH CBOHCTBAMH.

C y4eroM pEKOMEHJIOBAHHBIX TEXHOJOIMYECKUMH HHCTPYKIHSIMU TEMIIEpaTyp
(hepMeHTaIUK U KOMIPOMHUCCHON TEMITEPATYPHI 11 MUKPOOHAIBHEIX KYJABTYP BRIOPaHHBIX
IperapaTtoB BhIOpaiu nBa TemrepaTypHbix pexxuma — 20 m 30 °C mnsa pepMmeHTAIIUU
CIIMBOK. YCTaHOBJIEHO, YTO BBICOKMH TEMII POCTa THTPYEMOW KHCIOTHOCTH CIUBOK
3aperuCTPUPOBAHO T 00pasia, uis epMEeHTAK KOTOpOro Ucnoib3oBaiu Flora Danica
+ Lactobacillus acidophilus La-5 u Temnepatypy 30 °C.

Kak cBUIETENbCTBYIOT pPE3yNbTaThl, 00pa3ell MpH COBMECTHOM KYJIbTUBHPOBAHHU
Flora Danica n Lactobacillus acidophilus La-5 npu temnepatrype depmenrtamuu 30 °C
JIEMOHCTPHUPYET JIYYIIyl0 JAWHAMHUKY HapacTaHus OMOMacchl B TeUeHHE (epMEHTAlUH U
(PU3MYECKOT0 CO3PEBAHUS CIMBOK, IIOCKOJIBKY KOHIIEHTPALUS JKU3HECIIOCOOHBIX KIIETOK B
9TOM BapuaHTe OblTa HAHOOJBIICH.

o comeprkaHMIO KHUPHBIX KHCIOT, KOTOPBIE MPOSIBISIIOT BBIPAYKEHHYIO OMOIOTHYECcKOe
JIEWCTBHE, TO UX COZIEP)KAHUE IMPOSBIIUT YETKYIO TEHACHIIMIO K YBEIWYEHHIO B 00pasle
KHCJIOCIIMBOYHOT'O MacJa, Iie MPUMEHSUIA COYeTaHHE CMELIaHHBIX Me30(HIbHBIX KYJIbTYP
U TepMOGUIEHOHN aruI0pUIFHOMN MaNOYKH U (pepMEHTAIMIO CIIMBOK TP TemriepaTtype 30
°C.

BeiBonbl. Pexomenayercss MCHONB30BaTh B TEXHOJIOTMH KHCIOCIMBOYHOIO Macia
KOMITO3HIIMIO, COCTaBJICHHYIO M3 CMEIIaHHBIX Me30(WIbHBIX KYAbTyp Flora Danica wn
TEPMOPWILHON MOHOKYNBTYpPBl  Lactobacillus — acidophilus 1a-5 wu TtemmepaTypy
(depmentanuu ciuBok 30 °C.

KiaroueBnie ciaoBa: ¢pepmenmayus, crueku, Flora Danica, Lactobacillus acidophilus
La-5, macno.

MuueBass xuMmus

KoMiuiekcol 4- 1 5-HUTPO3aMeIIEHHBIX TeTEPOAPUILHBIX MHHAMOUINPON3BOIHBIX €
Cu (IT) u onpeesieHre UX AHTUKOATYJISIHTHOH AKTHBHOCTH

Wnunana Huxonosa', Mapus Mapuros?,
Iers Mapunosa®, Atanac Jlumurpos’, Heiiko CtosiHOB'
1 — Pycenckuii ynusepcumem «Aneen Kanueey, unus 6 2. Pazepao, boreapus
2 — Aepapnuuit ynueepcumem, Ilnosous, boreapus
3 — Vuusepcumem «llaucuti Xunenoapckuy, Ilnosous, boreapus

Beenenue. Omucan cuHte3 komiwiekcoB Cu (II) ¢ 4- u S-HUTpO3amMenIEHHBIMU
reTepoapWIbHIUMBl  [IMHAMOWJINPOU3BOJHBIX W HCCIENOBaHA WX AHTUKOATyJISHTHas
aKTHBHOCTD.

Martepnanbl W MeToAbl. Bce HCIONb30BaHHBIE XUMHYECKHE PEAKTHBBI ObUIH
npuobpeTeHs! 1o karanoram kommanuidi Merck u Sigma-Aldrich. Temnepatyps! nnaBneHus
BEIIIECTB Ompe/ielieHsl Ha nudpoBoM yctpoiictee SMP 10. JlaHHBIE 211eMEHTHOrO aHaIu3a
nonydenbl Ha ananu3atope Carlo Erba 1106. Uucrora BemiecTB mnpoBepeHa METOIOM
TOHKOCJIOHHOW Xpomarorpaduu ¢ ucnoib3oBanueM 0,2 MM miactuHok Kieselgel 60 F254
(Merck, T'epmanms), osmroent: cmech CH2CI2 : CH3COCH3 = 1 : 1 (oObemHbIe
cootHomeHus1). Crektpel MK-criekTpockonuu 3amucansl Ha crektpomerpe Perkin-Elmer
FTIR-1600 (o0pa3usr B Buae Tabnerok ¢ KBr).
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Pesynbratel W o0cyxknmenwe. Jluranmel, HeoOXOmUMBIC I OOpa30OBaHUSA
COOTBETCTBYIOIIUX KOMIUIEKCOB, OBLTH MOJYUEHBI C 4- U S-HUTPO3aMEIIEHHBIX 2-a1ui-1,3-
WHIaHAMOHOB IBYMs criocobamu: MeTomoM Mosher u Meier, Rotberg u Oshkaya, a Takke
aBTOPCKHMM METOJIOM, HOBHM3HOH KOTOpPOTO SIBIICTCS MCIIOJIb30BAHUE MHPPOIHINHA B
KayecTBe KaTanusaropa. [l MOMydeHHs KOMIUICKCHBIX COCAMHEHHH K pPacTBOpam
KOHEUHBIX JIMTAHIOB B JHOKCAaHe TOOABISUIN MeTaHOMbHBIH pactBop Cu(CH’CO0)2 H,O.
OO6pa3syronecss KOMIUIEKCHBIC COCAMHEHHS KPUCTAJUIM30BAIKCH IIOCIE OXJIAXKICHHUS
cMecH. J1J1 HOBOTIOIYYCHHBIX COSIMHECHUM OIpesesiecHbl (PU3UKO-XUMHUECKUE TTapaMeTpHl,
a TakkKe IMPOBENCHBI CIEKTPaJbHBIC UCCIenOoBaHusA. Ha OCHOBaHHMH IKCIEPHUMEHTAIBHBIX
JMAHHBIX MPEUIOKEH cocTaB KomiwiekcoB [M(L-),] u caenaH BwIBOI, YTO HaumbOoiee
BeposiTHa  cTpykrypa  komiuiekcoB  Cu(ll)  mpenmmonaraer — Hamuuue — ABYX

JIETIPOTOHUPOBAHHBIX OH TpymI 4- u 5-HUTPOIUHAMOUJIIP OU3BOTHBIX.
CIHIeKTPOCKOITMUECKHE HCCIEeIOBaHUs aMOP(HBIX 00pa3lloB MOKa3aJld, YTO KOMIUIEKCHI
Cu(Il) XapaKTEPU3yIOTCS YeThIpeXIpPaHHON reOMeTpUIECKON CTPYKTYPOIL.

AHTUKOATyJsTHTHAsl aKTHBHOCTh CHHTE3MPOBAHHBIX KOMILJIEKCOB OXapaKTEepU30BaHA HX
NpOTPOMOMHOBBIM  BpeMEHEM ¢ CpaBHHMa CO BpEMEHEM BBIXOIHBIX 4- u  5-
HUTPO3aMEUIEHHBIX MPOU3BOAHBIX. [10Ka3aHO, YTO S-HUTPONPOU3BOAHBIE UMEIOT BBHICIIYIO
aHTHUKOATYJITHTHYIO aKTUBHOCTh, YEM COOTBETCTBYIOLINE 4-HUTPOIPOU3BOIHBIE.

BoiBon. Ilomyuensr HoBble komruiekchl Cu(Il) ¢ 4- u  S-HHTpO3aMeIIEHHBIMBI
reTepoapwIbHIUMBl  [IUHAMOWINIPOU3BOIHBIMU U OIpE/AeJeHAa WX AaHTHKOAryJIsSHTHas
aKTHBHOCTb. KOMIUIEKCBHI MOTYT OBITH HCHOJNB30BaHBl B OYIyIIMX TECTUPOBAHUSIX
MUIIEBBIX POAYKTOB PACTUTENILHOTO U )KUBOTHOT'O MPOUCX 03K ACHHSI.

KiroueBnie cioBa: /, 3-unoanouonwt, Cu(ll)-xomnnexcol, IR, PT, INR.

Mpoueccbl 1 060pyaoBaHME NULLEBbIX NPOU3BOACTB

Pacuer HecTanMoHAPHBIX TU(PPY3HBIX MACCOBBIX MOTOKOB CaXapo3bl /IS A4eeK
MEKKPHCTAIBHBIX PACTBOPOB €aXapo3bl CHCTEMBbI «00JIbIINH KPUCTAJLT caxapa—
PacTBOp caxapo3bl 00JIBIIEr0 KPHCTALJIA-MEHbIINI KPHCTAJI caxapa—pacTBop
€axapo3bl MeHbIIEr0 KPUCTANLIA—yTde/Ib» B 3aBUCUMOCTH OT BpeMEHHM YBapHBAHUS
caxapHoro ytdess

Tapac Iloropensrit
Hayuonanvnwiii ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

BBenenue. B maHHOI poOOTe peann3oBaH OMUH U3 CICHYIOUIMX STAallOB CO3JaHUS
MaTeMaTHYECKOW MOJICITU TPOIIecca KPUCTAIUIN3AINHN CaXapo3bl.

Martepuansl #W MeToabl. J[Is TONydeHHWS HECTalMOHAPHBIX UGG Y3HOHHBIX
MAaCCOBBIX MOTOKOB CaXapo3bl IS AYECK MEKKPUCTAIBHBIX PACTBOPOB Caxapo3bl PEIICHO
OIHOBPEMEHHO CHUCTEMY M3 7 HECTAllMOHAPHBIX 3aJa4 TEIUIONPOBOJHOCTH IO Ka) IO
OTIENBPHOW 00JacCTH C TIOCTOSHHBIMH W C TEPEMEHHBIMH  TEIUTO(PH3UUESCKUMU
ko3 dunmeHTaMu, a TaKkKe TPU OTHCIBHBIX HECTAIIMOHAPHBIX 3amaud au¢ ¢ y3HOHHOTO
MaccooOMeHa I dYeThIpex oOnacTell MEKKpPUCTaIbHBIX pPACTBOPOB Caxapo3bl ¢
MOCTOSIHHBIMH M C TIEPEMEHHBIMU Kod(duuuentamu auddy3rnoHHoro maccooOMeHna c
MIPUMEHCHHUEM YHCIICHHBIX METOA0B (METO] KOHTPOJILHOI'O 00hEeMa).

Pe3yabTraTrsl u oOcy:kaenue. JIisi JecaTH Cly4aeB OTHOCUTENBHOIO BPEMEHH
yBapuBaHus caxapHoro yrdens t/t, (t/t, = 0,15; 0,2; 0,3; 0,4; 0,5; 0,6; 0,7; 0,8; 0,9; 1,0)
HAa OCHOBAHHMHU PEIICHHS OJHOBPEMEHHOIO PEIICHUS YEThIPEX CHCTEM HECTAI[HOHAPHBIX
nudepeHIMaIbHbIX YPAaBHCHUH B YaCTHBIX MTPOU3BOIHBIX MAPabOIUIECKOro THIA (TIepBas
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cucTeMa — Ui HECTAllMOHAPHOM 3a/aud TEIUIONPOBOAHOCTH; U TPU CHUCTEMBI — JUIS
HeCTalMHApHBIX 3a7a4  Ju(d(y3MOHHOro MacooOMeHa) HaWJIEHO pacHpelelieHue
HECTallMOHAPHBIX JU(PQY3HOHHBIX MAaCCOBBIX IIOTOKOB Caxapo3bl B Kaxaod o0iactu
MEXKPHCTAJIBHOI'O pacTBOpa caxapo3bl BCEH paccMaTpHBaeMOH CHCTEMBI siueeK. BriepBrie
Ha OCHOBAaHHMU TIIPOBENEHHBIX pPAaCUYETOB YCTAHOBJIEHO, YTO MPOLECC MepeTeKaHHs
pPacTBOPEHHOH caxapo3bl M3 SUEHKH MEXKKPUCTAIBHOIO PacTBOpa OJHOTO KPHCTalia B
SYeKy MEKKPHUCTaJbHOIO pacTBopa c€axapo3bl JPYroro KpHucTalia AeHCTBUTENBHO
MPOUCXOMUT W B KAaKOM HalpaBieHUH. Takke BIIEpBbIE IONYYEHO KOJIUYECTBEHHYIO
BenuuuHy Ju((Gy3MOHHOIO MAaccOBOTO  IOTOKA  Caxapo3bl MEXIy 00JIacTsMHU,
MIPE/ICTABIISIOIINE STYEHKN MEXKPHCTAIBHOTO PAaCTBOPOB Pa3IMYHBIX KPUCTAIJIOB caxapa.
[Ipu oTHOCHMTENHPHOM BpeMEHHM yBapHBaHHs caxapHoro yrdeis t/t, = 0,15 mpoucxomur
MepeHOC BemecTBa (caxapo3bl) W3 o0NacTH 4 JIEBOM SYCHKH MEXIY KPUCTAIHHOTO
pacTBopa KpucTamia 2 B 00nacTb 3 npaBoi SYEHKN MEKKPUCTAIBHOIO pacTBOPa KpHUCTajlia
1. IpumepHo B mpU T,=2 € JOCTHraeTcs MX MHUHMMYM. HauwHas ¢ MOMEHTa BpeMEHH
1,=2,58 ¢ a1 BapuaHTa pacyera ¢ HMOCTOSHHBIMH TEIIO(U3NYECKUMU KO3 (PHUIUEHTAMH
CUTYyallUsi MEHSIETCS Ha MPOTHUBOIOJIOKHYIO, TO €CTh IEPEHOC CaXapo3bl MPOUCXOANUT YKE
n3 obnacty 3 B 06macth 4. [Ipu Bcex ke mepeMeHHbBIX TeII0(QU3NUECKHX XapaKTepPUCTUKAX
TpolLecc MepeHoca caxapo3bl 3a Bce BpeMsi NpeObIBaHMsI CHCTEMBI siYeeK B HarpeBaTeIbHON
TpyOKe Bce ellle MPOUCXOAUT U3 00J1acTh 4 B 00J1acTh 3, a IPHU BBIXOAE CHCTEMBI SUYEEK C
HarpeBaTeJIbHON TPYOKU CTPEMUTCS K HYJIIO, TO €CTh, IPAKTHYECKH OTCYTCTBYeT. MTak, B
9TOM Cly4dae IOJYYWIM YETKO BBIPRKEHHBIH MUHMMYM JH((y3HOHHOrO MaccoBOro
notoka. [Ipy OTHOCHTETHLHOM BpeMEHH yBapUBaHUs caxapHoro yrdens tv/t,=1,0 moxydnnn
YEeTKO BBIPQKCHHBI# MHHMMYM M MAaKCHUMYM KakK JUIs TOCTOSHHBIX, TaK U JUIA BCEX
MEPEMEHHBIX TETOQU3NUECKUX XaPAKTEPHCTUK.

BeiBon. [lns kaxnoit oGnactu, KOTopas IpeICTaBisieT COOO0H MEXKPHCTalbHBIN
pacTBop caxapo3bl IOJIYYE€HO BEIMYMHY HECTAllMOHApHOro MuQQy3HOHHOrO MaccoBOro
MOTOKA Caxapo3bl B 3aBUCUMOCTH OT BPEMEHHU KOHTAKTa CHCTEMBI siYEEK C HarpeBaTelnbHON
TpyOKoii. BriepBble ycTaHOBIEHO BEMUYWHY M HallpaBjieHHe NTUPQY3MOHHOrO MaccoBOTO
MOTOKAa MEXAY IBYMSI OOJIACTSMH MEKKPHCTAJIBHOTO PAcTBOPOB Caxapo3bl IEpBOTO H
BTOPOT'0 KPHUCTAJLIOB caxapa.

KiroueBble ciioBa: caxaposa, ouggysus, pacmeop, kpucmail, ymeens.

I/IHTeHCI/I(l)PIKaIIPISl MpouecCoB MACCOIEPEHOCA B Ia30-KUAKHUX Cpeaax
AUCKPETHBIM — HMITYJIbCHBIM METOAOM BBOAAa JHEPIrUuu

1 2 . 2
Anekcanap beccapad Anexcanmp O6omosud °, Butamuit CHI0opeHKO
1 — HayuonanvHolii ynueepcumem nuujesvix mexrnonozutl, Kuee, Yxpauna
2 — Unemumym mexuuyecxou mennogusuxku HAH Yrkpaunol, Kues, Yxpauna

Beenenue. llenpro maHHOrO WCCeNOBaHMS ObUla HMHTEHCH(UKAIMS —adpaliu
KYJIbTYPaJIBHBIX Cpe/l B (pepMeHTEPE METOIOM JIUCKPETHO — UMITYJIbCHOT'O BBOJA SHEPTHUH,
KOTOpBII pean3yercsi B pOTOPHO — ITYJIbCAIIOHHOM amiapare.

Matepuanbl m Metoabl. lccienoBaH mpolecc a’panuy KylTbTypajdbHBIX Cpel B
TEXHOJIOTUHM TOJy4eHus napoxokel Saccharomyces cerevisiae MeTOIOM OUCKPETHO —
UMITYJIbCHOI'O BBOJa dYHepru. CKOpOCTh MaccolepeHoca KHUCIOpoAa OHpenessiiach Io
KOJIMYECTBY OMOMACCHI IPOXOKEH, BBIPALIIEHHBIX 32 IIEPUOJ KYJIbTUBHPOBAHHMSI.

Pe3yabraThl n 06cy:knenne. B xone 5KCepMMEHTOB 110 KYJIbTUBHPOBAHUIO APOXIKEH
Ha MEJNAcCHBIX pacTBOpax ObLIa oOIpefeNeHa 3aBUCUMOCTh CKOPOCTH MaccollepeHoca
KUCJIOpOJia OT YIJIOBOM CKOPOCTHU BpAIEHHs POTOPHOTO y3Jia B KYJIbTYpPalbHBIX Cpelax c
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conepkanueM cyxux BemectB 3 — 10%. C yMeHbIIeHHEM CONEpP)KaHUs CyXUX BEIIECTB OT
10 mo 5% mpu oOpaboTke ¢ YrioBOi ckopocThio 48 00 / ¢, CKOPOCTh MaccomepeHoca
yBenuuuBaerca B 1,9 paza. C yBenuueHueM 4acToThl mynbcaimii or 2 mo 3,85 kI'n,
MaccorepeHoca Bo3pactaer ot 4 10 6,3 I/ JI'd IpH COlepKaHUU CYyXHX BellecTB — 3% u oT
2,2 1o 4 v / w4 npu comepxaHuu cyxux BemectB — 10%. JlanbHeiilnee moBbIIEHHE
YaCTOTHI IyJbCANNA MPUBOJUT K WHAKTUBAIWMHU YaCTH JIPOXIKEBBIX KIIETOK. Y CTAHOBJIEHO
TaKIKe, YTO ONTHMAILHOE 3HAYCHHE CKOPOCTH CIBHTa IOTOKa coctapisger 90 — 100 10° ¢!

BouiBoabl. Pe3ynbTaThl 3TOr0 HCCIIEIOBaHUS CBUIIETENBCTBYIOT O TOM, YTO IPUMEHEHHE
Merona JIMBD B  aOCOpPOIMOHHBIX  TEXHOJOTHSIX  TO3BOJIAET  3HAYMTEIBHO
WHTEHCU(HUIUPOBATH MaCCOOOMEHHBIE TTPOLIECCHI.

KaroueBsie cinoBa: macconepenoc, abcopoyus, MUKpOOP2AHUIM, UHMEHCUDUKAYUS.

IloBbImenne 3¢ (peKTHBHOCTH Temjionepeaayu B TPy04aTOM TeIJI000MeHHHKE C
ro¢ppupoBaHHBIMHU TPyOaMu

Jxamanyrnun Yanaes 1, Huna CI/IJ‘IBHHI"I/IHal,
Auexceit IImatok', Anexcanap Henbaiino'>
1 — Uncmumym mexnuueckou mennogusuxu HAH Yrpaunol, Kues, Ykpauna
2 — Hayuonanvuwiii ynusepcumem nuugedvlx mexuonoautl, Kues, Yxpauna

Beenenue. /IeiicTBEHHBIM METOJOM HHTCHCH()UIMKALINK TEIUIONEpEauy B TPyOUaThIX
TEIJI00OMEHHHKAX SIBIISIETCSl TIPUMEHEHUE ropUPOBAHHBIX TPYO, HO B HACTOSIIEE BpEMs
HET YHUBEPCAIBbHON METOAMKH pacyera U NPOSKTHPOBAHHS TAKHUX TEIIIOOOMEHHUKOB.

Matepuanbl m MeToabl. l3ydeHbl TeIUIONEpeaalONINe XapaKTEPUCTUKUA THOKUX
roppupoBaHHBIX TpyO W3 Hep)KaBewlled CTanu C pa3uuHbBIM - npoduiiem rodp.
HcnpITaTenbHbIA CTEHA TpecTaBisieT co00il TemIooOMeHHHMK THma "Tpyda B Tpyde" ¢
IJIaJIKOW HapyKHOW © TpOQUIMPOBAaHHONH BHYTpeHHEW TpyOol, 00OpyIOBaHHBIN
JATYMKAMU JUTS U3MEPEHHs TEMIIEPATyPHBIX U THAPABIMYECKUX ITAPaAMETPOB TTOTOKA.

PesynbtaTrel m o0cyxknenue. lccrenoBaHue TemionepeHoca M TUAPOIUHAMUKU B
TEII000MEHHHKE «TpyOa B TpyOe» ¢ ToppUpOBaHHBIX BHYyTpEeHHEW TpyOoi Imoka3ao, 4To
B nuamnasoHe uucen PeitHompaca ot 4000 mo 40000 pocturaercss 3HaUMTENbHAs
WHTEHCU(UKANUS TEIUIOOOMEHa [0 CPaBHEHWIO C TPAJAWIMOHHBIM TJIaJKOTPyOHBIM
TEIUTIOOOMEHHUKOM. Y BelrueHne kod¢hGUIlMeHTa Temonepenayn cocrasmwio ot 2,0 1o 2,6
pa3 mpu pocTe THAPABIMYECKOro comnpoTusienus B 1,9..2,0 pasza. YcraHOBIEHO, YTO MpHU
OJIMHAKOBBIX YCIIOBUSIX TIOTOKAa TPYOBI C Mallod BBICOTOH Trop W OONBIIMM IIArOM
roppupoBanus (cooTHomeHnue Bbicota/mar — 1,9/4,0 Mmm) umetor Ha 15-20% OGomnbiryio
KOHBEKTHBHYIO COCTaBIISIONIYIO Kod(puIlreHTa Terionepeauu mo CpaBHEHHIO ¢ Tpyoamu
C BBICOKMMHU TO(ppaMH M MEJIKHM IIaroM roQpupoBaHHs (COOTHOIIEHHE BHICOTA/IIar —
2,4/3,2 Mm).

Jlis OLEHKHM BIHMSHUSI T€OMETPHH TpyO0 Ha MHTEHCHBHOCTH IIpOIlecca TeriooOMeHa
Obuta pa3zpaboTaHa IByMEpHas OCECHMETPUYHAs KOMIIBIOTEpHAs MOJENb EJUHUYHOTO
9JIEMEHTa TEIUIOOOMEHHOro anmapara. YucieHHOe MOJAENHPOBaHWE THUAPOAMHAMHUKU H
TeIsI000MeHa B KaHaje €JUHUYHOIO JJIEMEHTa IO0Ka3ajio, YTO MaTeMaTHYECKHE PacyeThl
JIOCTATOYHO OJIM3KHU K SKCIIEPUMEHTABHBIM UCCIIEIOBAHUSIM.

C WCnoNb30BaHMEM JaHHBIX KPUTEPUAIBHBIX — 3aBUCUMOCTEH  paccyuTraH H
CIPOCKTHPOBAH TEIUIOOOMEHHUK MOMIHOCThIO 350 KBT I cHUCTeMBI OTOIUICHHS
aJIMUHHUCTPATUBHOTO  KOpITyca, OIBITHAs OKCIUTyaTalusl KOTOPOTO  ITOATBEpAMIIA
3¢ PEKTUBHOCTH MPEIIOKEHHBIX TEXHUYECKUX PEIICHUI.
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BoiBojbl. Mcnonb3oBaHue TohpUpOBaHbIX TpYO MO3BOIMIO YBEIUYUTH KOS(HHUIIHEHTHI
Temionepenayn. IlomydeHble KpUTEepUAbHbIE 3aBUCHMOCTH TO3BOJSIOT PacUdTaTh |
ONTHMH3HUPOBATh MPOIECC TEIUIONEepeaayd B TPyOYaTOM TEINIOOOMEHHHKE C THOKHMH
ropUpOBaHHBEIMH TPYOAMHU.

KiroueBble ciioBa: meniooomennux, coppompyoa, mypoyauzamop, menjionepeoaid.

JKOHOMMKaA M ynpasneHue

MeToanuecKHe OCHOBBI PETHHTOBOI OIeHKN HHBECTHIIMOHHOW MPUBJIEKATEILHOCTH
CEJILCKUX PETHOHOB YKPAWHBI
Anekcannp SueHko
Bocmounoesponeiickuil ynusepcumem sxonomuku u menedxcmenma, Yepraccol, Yepauna

Beenenue. CtaThs OCBAIICHA MCCIEIOBAHUIO0 METOIUUECKUX U NMPAKTUYECKUX OCHOB
PEUTHHTOBOI OLIEHKH MHBECTULIMOHHOM MPUBJIEKATEIHHOCTH CEIBCKUX PETHOHOB.

Martepuansl u MeToabl. lccnenyercs WHBECTUIIMOHHAs IPUBJIEKATEIbHOCTh
CENIbCKUX PETHOHOB Ha mpuMepe oOmactedl YkpawHbl J[s OIIGHKM HHBECTHIIMOHHOMN
MIPUBJICKATEIbHOCTH NPUMEHEH CHHEPreTHUeCKHH MeToJ, METOJ, CpaBHEHUS U
MHTErpajbHON OIIEHKH. VCronb30BaH peUTHHIOBBIN TOAXO0/, KOTOPHIH sBIIsieTCsl Hanboee
pacnpoCTpaHEHHBIM B NPAaKTUKE OIEHKM WHBECTHULMOHHOM INPHUBJIEKATENIBHOCTH C
HCIONb30BaHUEM CUCTEMBI [TOKa3aTeIel-MHIUKAaTOPOB.

PesynbtaTrel u oOcyxnenus. IlpemnoxeHHas MeTOAMKA OLIEHKHM HHBECTUIIMOHHO-
WHHOBAIIMOHHOW MPUBIIEKATEIBHOCTH 00ONacTell, OCHOBaHHAsi HA MCIIOJIb30BAHUH METOJI0B
CTaHOApTU3allMM W HOPMUPOBaHMA, a TaKKe HAa MPUMEHEHUH METoJa CpaBHEHUS.
[IpuBenennas TpexXypOoBHEBas cucreMa MoKa3aTesel-uHIUKaTOPOB OLIEHKHU
MHBECTUIIMOHHON IPUBJIEKATEIbHOCTU CEJIBCKUX PETHOHOB, B IEPBBIM ypOBEHb KOTOpPOI
BKJIFOYEHBI II0KA3aTeNId COCTABIAIONIMX WHBECTUIMOHHOTO IIOTEHIMAana, BO BTOPOM
YPOBEHb — IIOKa3aTeld WHBECTHIMOHHOTO PUCKA W B TPETUH YpOBEHb — O0OOIIEHHBIE
MIOKa3aTeIy HHBECTUIL[MOHHON NPUBJIEKATEIEHOCTH PETHOHOB.

Ha ocHoBe pe3ynbTaTOB peHTHHIa OCYIIECTBIEHO paclpeeleHue CebCKUX PErMOHOB
10 TUIIAaM MHBECTHLMOHHOrO KinMaTa. CelbCKUe PETHOHBI PEICTABIEHBI IPAKTUYECKH BO
BCEX PENUTHHIOBBIX TpyIIax MPUMEPHO B PABHOW MPOMOPLUUH IO OTHOIIEHUIO K
YHCIIEHHOCTH TPYII U, TAKUM 00pa3oM, NPEICTaBIISIOT N0 TOKa3aTensiM HHBECTUIMOHHOTO
KJIUMAaTa BCE PETUOHBI Y KPAauHBI.

VYcTaHOBNIEHO, YTO [UIS CENbCKUX PErMOHOB WHBECTUI[MOHHAS MPUBIEKATENBHOCTH B
OOJNIBIIMHCTBE 3aBUCUT OT YPOBHS COLMAJIbHO-O)KOHOMHYECKOrOo pazButus. K tumy
WHBECTHLMOHHOTO KinMarta 2B (cpemHuii MOTEHIMAl, YMEPEHHBIH PUCK) OTHOCATCSA 6
CEeNIbCKUX PErnoHoB, K Ty 3Bl (MOHMWXEHHBIA TOTEHLMWAN, YMEpPEeHHbIH puck) — 4
CEeNIbCKUX PErnoHoB, ThnaM 3B2 (He3HauWTeNbHBIN TOTEHILMAN, yMEepeHHbIH puck), 2C
(cpennuii moreHnMan, BICOKUE puck), 3C1 (MOHKEHHBIH NMOTEHIIMAN, BHICOKHH PUCK) U
3C2 (He3HaYUTENBHBIHA TOTEHIINAJ, BBICOKHIA PUCK) OTHOCSTCS 110 TPH CEIBCKHX PErnOHOB.
Pervonsl ¢ MUHMMAaIBHBIM pUCKOM (Tuma 1A, 2A, 3A, 1B) 10 pacueTam OTCYTCTBYIOT.

BeiBoasl. Ha ocHOBe aHaiM3a MHBECTHUIIMOHHOIO KIMMaTa MPUBEACHO paclpeseieHne
CEeNIbCKUX PErMOHOB IO WHBECTUIMOHHBIM THNaMu. Ha OCHOBe pe3ynpTaToB peHTHHIa
MIOCTPOEHA THUIIOJIOTUS CEIbCKUX PETHOHOB.

KnroueBble c1oBa: uneecmuyus, npusiekamenbHoCny, pazeumue, peuoH, peumuHe.
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Instructions for authors

Dear colleagues!

The Editorial Board of scientific periodical
«Ukrainian Food Journal»
invites you to publication of your scientific research.

Requirements for article:

Language — English, Ukrainian, Russian

Size of the article — 8—15 pages in Microsoft Word 2003 and earlier versions with
filename extension *.doc (!)

All article elements should be in Times New Roman, font size 14, 1 line intervals,
margins on both sides 2 cm.

The structure of the article:
The title of the article
Authors (full name and surname)
Institution, where the work performed.
Abstract (2/3 of page). The structure of the abstract should correspond to the structure
f the article (Introduction, Materials and methods, Results and discussion, Conclusion).
Key words.
oints from 1 to 5 should be in English, Ukrainian and Russian.
The main body of the article should contain the following obligatory parts:
Introduction
Materials and methods
Results and discussing
Conclusion
e References
If you need you can add another parts and divide them into subparts.
7. The information about the author (Name, surname, scientific degree, place of work,
email and contact phone number).

NTLQ AW~

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 submit in separate
files.

Photos are not appropriate to use.
Website of Ukrainian Food Journal: ~ www.ufj.ho.ua

Extended articles should be sent by email to: ufj nuft@meta.ua
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IIIanoBHi KoJeru!

Penakuiiina xojeris HaykoBoro nepioguunoro Buaanusa « Ukrainian Food Journaly
sanporrye Bac 1o myOmikariii pe3yabTaTiB HAyKOBHX JOCIIIKCHb.

Bumorn 1o opopmiieHHs cTaTei

MoBH cTateii — aHIITIHChKA, YKpaiHChKa, pOCifiChKa

PexomenoBanuit oocar crarti — 8—15 cropinok dpopmary A4.

CraTTsl BUKOHYEThCS B TEKCTOBOMY peaakTopi Microsoft Word 2003, B hopmari *.doc.
Js 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, pukna;: Jleauc O3epsiHKO).
4. Yemanosa, 6 axiil sukonana poboma.
5. Anorarist. O00B’I3K0Ba CTPYKTYpa aHOTAIIIi:

«  Beryn (2-3 psaaxn).

«  Marepianu Ta Mmetoau (10 5 psAAKiB)

«  PesynbraTi Ta 00roBOpeHHs (IiB CTOPIHKM).

«  BucnoBku (2-3 psaakn).
6. Kirtouosi ciioBa (3—5 ciiB, ajie He CIIOBOCIIONTYYEHbD).

IIyHKkTH 2—6 BUKOHATH aHIiHCHKOI0, YKPATHCBKOIO TA POCiiicbK0I0 MOBaMHU.

7. OcHOBHHII TEKCT cTaTTi. Mae BKIIIOYATH Taki 000B’SI3KOBI PO3ILIH:
« Beryn
«  Marepianu Ta METOIH
«  PesynbraTi Ta 00roBOpeHHs
. BuchHoBku
. Jlireparypa.
3a HeoOXiHOCTI MOXKHA JIOAABATH iHIII PO3/iIM Ta PO30MBATH IX Ha IiIPO3ALIH.

8. ABTopchka moBinka (IIpi3Buie, iM’st Ta 10 6aTHKOBI, BUSHUH CTYIiHb Ta 3BaHHS, MICIIe
pobotH, eleKTpoHHa aapeca abo TenedoH).
9. KoHTakTHi aHi aBTOpa, 10 AKOTO 32 HEOOXITHOCTI Oy/e 3BEepTATUCH PENAKIIis KYpHAITY.

PucyHkn BHKOHYIOTbCS sikicHO. CKaHOBaHI PUCYHKM He NpUHMarOThCs. Po3Mip Tekcry Ha
pucyHkax moBuHeH Oyru cmiBpo3mipuum (!) Texcry crarri. @otorpadii 0OaxkaHo He
BHKOPHUCTOBYBATH.

®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 JATHMHCHKUMU
niTepamu BianoBinHo 1o cucremu CL

B crnucky sitepaTypu NOBHHHI IepeBakaTH CTaTTi Ta MoHOrpagii iHO3eMHHX aBTOpIB, SKi
omybnikosasi micis 2000 poky.
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IIpaBuna ogopmiieHHS CHUCKY JiTepaTypH

B Ukrainian Food JournalB3sito 3a OCHOBY 3araJlbHONPHIHSTE B CBITI CIIpOIIEHE
oopMIIEHHST CITUCKY JIiTepaTypu 3rigHo craHmapty Garvard. Bcei eneMeHTH TOCHIaHHS
PO3ILIAIOTHCS JIMIIE KOMAMM.

1. [TocunaHHs HA CTATTIO:
ABTopu A.A. (pik Buaanns), Ha3a crarrti, HazBa :xypnauay (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.

IMocuiiaHHs Ha eJIeKTPOHHMIA pecypc:

BukoHyeTbCsl aHaJOTiYHO TMOCWIIAHHIO Ha KHUTY abo crartio. Ilicns odopmiteHHs
JAHUX TPO MyOJTiKaIlito MUIITYTHCS clI0Ba available at: Ta Bka3yeThCs CIEKTPOHHA aapeca.
[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  JIMIE JIATHHHUILEK. EJEMEeHTH CHUCKy
YKpPaiHChKOIO Ta POCIHCHKOK MOBOIO MOTPiOHO TpaHcmitepyBaTH. s TpaHciiTepamii 3
YKpaTHCHKOI0 MOBU BHKOPHCTOBYETHCS MACIIOPTHUI CTaHIAPT, a 3 POCIHCHKOI — CTaHAapT
MB/] (B 1ux craHmapTax BUKOPHCTOBYIOTHCS CHMBOJIH JIMILE 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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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
MIPOIYKTIB YnakoBKa Juisi Xap4OBHX MPOIYKTIB
SIkicTh Ta Oe3reka XapuoBUX MPOAYKTIB 310poB's

IepiognuHnicTh BUXOAY KypHAJTY 4 HOMEpPH Ha PiK.

PesynbpraT JOCHiKEHb, 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)

Penensisn pykommcy crarri. Martepianu, npencraBieHi s IyONliKyBaHHS B
«Ukrainian Food Journal», npoxoasts «IlonsiiiHe ciine perieH3yBaHHS» JBOMa BYCHUMH,
MPU3HAYEHUMH PENAKI[IIfHOI0 KOJIETI€I0: OIMH € YJICHOM PENKOJIerii 1 OAWH He3aJeKHUN
YUEHHH.

ABTOpCBHKe NMpaBo. ABTOPH CTaTeil rapaHTYIOTh, 1[0 POOOTA HE € MOPYIICHHSM OY/Ib-
SKMX aBTOPCBKMX IIpaB, Ta BIJIIKOJOBYIOTh BHUJIABIO IOPYIIEHHS IaHOi TapaHTil.
OnyOnikoBaHi MaTepianu € npaBoBoto BiacHicTio BuaBng «Ukrainian Food Journaly,
SIKIIO HE Y3TOJDKEHO 1HIIE.

MoniTuka axagemiunoi ermkn. Penakuis «Ukrainian Food Journal» xopucryerbcs
MpaBWJIaMHM aKaJIeMIiuHOi ©THKH, BHKIaZeHUX B pobori Miguel Roig (2003, 2006)
"Avoiding plagiarism, self-plagiarism, and other questionable writing practices. A guide to
ethical writing” . Pemakiiis mpomoHye aBTopaM cTaTel i peleH3eHTaM MpsIMO CIIiayBaTH
LLOMY KEPIBHHUITBY, 00 YHUKHYTH IOMHJIOK y HaYKOBI# JIiTepaTypi.

IHCTPYKUiTl ANA aBTOPIB Ta iHIIa KOpHCHA iH(pOpMAIisl pO3MIillleH] 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

Yuienn pegakuiiHoi KoJierii:

AdekcaHap MamueB, I-p. TeXH. HayK, 0pod., @inizs Mockoecbkozo Oepacashoco
VHIgepcumemy mexnonozii ma ynpasninus 6 M. Meneys, Pecnybnixa bawxopmocman, Pocis
Amnarodiii CaiiranoB, I-p. eKOH. HayK, pod., lucmumym cucmemrnux docnioxcenv 6 AIIK
HAH benapyci

Basepiit MupoH4yK, 1-p. TeXH. HayK, npod., Hayionanvhutl yHigepcumem xapuoux
mexuonozil, Ykpaina

Biktop CTabnikoB, kaHJ. TeXH. HayK, JI01l., Hayionanvruil yHigepcumem xapuosux
mexuonozil, Ykpaina

Bipriuis FOpewniene, n-p., npod., Bireniocexuil ynisepcumem, Jlumea

Birauniii Tapan, n-p. TexH. Hayk, npod., Hayionanvhuil yHieepcumem xapuosux
mexHonoeil, Yxpaina

Bosogumup Kobaca, 1-p. TexH. Hayk, npod., Hayionanvhutl yHieepcumem xapuosux
mexuonozil, Ykpaina

Bosogumup IBanoB, 1-p., npod., Jepocasuuil ynisepcumem losu, CILIA

Baagimip I'pynanoB, 1-p. TeXH. HayK, pod., herapycokuti 0epicashull azpapHuti
mexHiuHUll yHigepcumem

I'anuna CimaxiHa, 1-p. TexH. HayK, npod., Hayionanvruil ynigepcumem xapuoux
mexuonozil, Ykpaina

Ipuna ®enyaoBa, a1-p. ekoH.HayK, npod., Hayionanvhuil ynieepcumenm xapuoeux
mexuonozil, Ykpaina

Hopnanka Credanosa, 1-p, [Tnosoiscoxuti ynisepcumem "laiciii Xinenoapcki”, Boneapis
Kpicrtina Ilomosuw, 1-p., noi., Texuiunuil ynieepcumem Monoosu

Mukosna CuueBCbKHid, I-p. €KOH. HAYK, pod., [ncmumym npodosonvuux pecypcie HAAH
Yrpainu

Mapk Hlamusia, KaHa. TeXH. HaYK, aoi., Cankm-Ilemep6ypsvkuil OepoicasHuil
mexuono2iunul incmumym, Pocis

Ounexcanap llleBuenko, 1-p.TexH. HayK, pod., Hayionanvruil yHieepcumem xapuoeux
mexuonozil, Yrpaina

Ounena I'padoBchKa, 1-p. TEXH. HayK, npod., Hayionanvhuil yrigepcumem xapuoeux
mexuonozil, Ykpaina

Ounena JIparan, 1-p. eKoH. HayK, npod., Hayionanvruil yrieepcumem xapuosux
mexHonoeil, Yxpaina

Ouabra IleryxoBa, A-p. €KOH. HAaYK, J0I., Hayionanvuuii ynisepcumem xapuosux
mexuonozil, Ykpaina

Oabra Pubak, xaHj. TeXH. HAYK, JOL., TepHOninbCoKULl HAYIOHATbHUL MEXHIYHULL
yuiepecumem imeni leana Ilymos, Yipaina

Mackane Qwonwo, 1-p, Yuisepcumem Knoo bBepuapo Jlion 1, ®@panyis
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Credan Credanos, 1-p., npod., Vrisepcumem xapuosux mexnonoeii, boreapis
Tersina MocTeHcbKa, JI-p. €KOH. HayK, pod., Hayionanvnuil yHisepcumem xapyosux
mexuonozil, Ykpaina

Tersana [Mupor, a1-p. 6ion. Hayk, npod., HayionareHuil yHieepcumem xapuosux
mexuonozil, 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. Bepnaocwexozo HAH Ykpainu

Opiii binawn, n-p., ll]eyuncokuii ynieepcumem, Ilonvwa

Ouekciii I'ybens (BianoBiganbHuil cekpeTap), KaH. TEXH. HAayK, 0., HayionanvHuil
VHigepcumem xap1oeux mexnonozii, Yxpaina.

428 ——VUkrainian Food Journal. 2016. Volume 5. Issue 2 —



——VUkrainian Food Journal. 2016. Volume 5. Issue 2 — 429



HaYKOBC BUAAHHA

Ukrainian Food Journal

Volume 5, Issue 2 Tom 5, Ne 2
2016 2016

[Miam. mo apyky 29.06.2016 p. ®opmat 70x100/16.
O06m.-BuI. apk. 14.46. YM. npyk. apk. 14.33.
IapuiTypa Times New Roman. JIpyk odceTHumi.
Haxman 100 mpum. Bug. Ne 4n1/16.

HVYXT. 01601 Kuis-33, Byn. Bonoaumupceka, 68

CBiJIOITBO PO JEPKaBHY PEECTPALIi0
JIPYKOBAHOTO 3ac00y MacoBOl iH(popmMarii
KB 18964-7754P
BuaaHe 26 oepesns 2012 poky.



