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Introduction. Wheat flour is a nutritious type of food
that is widely consumed by various age groups in Iraq. This
study investigates the presence of long-lived gamma
emitters in different type of wheat flour in Iraqi market.

Materials and methods. Uranium (***U), Thorium
(***Th) and Potassium (*’K) specific activity in (Bq/kg) were
measured in (12) different types of wheat flours that are
available in Iraqi markets. The gamma spectrometry method
with a Nal(Tl) detector has been used for radiometric
measurements. Also in this study we have calculated the
internal hazard index, radium equivalent and absorbed dose
rate in all samples.

Results and discussion. It is found that the specific
activity in  wheat flour samples were varied from
(1.086+0.0866) Bg/kg to (12.532+2.026) Bg/kg with an
average (6.6025) Bg/kg for”®U, For “**Th From
(0.126+0.066) Bg/kg to (4.298+0.388) Bg/kg with an
average (1.9465)Bg/kg and for K from (41.842+5.875)
Bg/kg to (264.729+3.843) Bq/kg with an average (133.097)
Bg/kg. Also, it is found that the radium equivalent and the
internal hazard index in wheat flour samples ranged from
(3.4031) Bg/kg to (35.1523) Bg/kg with an average
(19.6346) Bg/kg and from (0.0091) to (0.1219) with an
average (0.0708) respectively.

Conclusion. This study prove that the natural
radioactivity and radiation hazard indices were lower than
the safe.

Introduction

Natural radioactivity is caused by the presence of natural occurring radioactive matter

(NORM) in the environment. Examples of natural radionuclides include isotopes of
potassium (*’K), uranium (***U and its decay series), and thorium (**Th and its decay
series). In addition to being long-lived (in the order of 1010 years), these radionuclides are
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typically present in air, soil, and water in different amounts and levels of activity. Natural
radionuclides are found in terrestrial and aquatic food chains, with subsequent transfer to
humans through ingestion of food. As such, international efforts were brought together
collaboratively to apply adequate procedures in investigating radionuclides in food [1], and
to set essential guidelines to protect against high levels of internal exposure that may be
caused by food consumption [2,3].

Since wheat flour is one of the essential foods that is consumed in Iraqis daily lives, the
desire to establish a national baseline of radioactivity exposure from different types of
wheat flour samples that available in Iraq markets is very critical. Wheat flour is a powder
made from the grinding of wheat used for human consumption. Wheat flour, the "Staff of
Life", has been an essential commodity to human existence through the centuries and is
currently the most widely consumed staple food. Moreover, numerous studies were
conducted worldwide to investigate natural radionuclides in food consumed in different
parts of the world [4-7]. For a systematic treatment, a methodical approach is undertaken
that focuses on a wheat flour type of food per study. Because wheat flour is popular among
all ages, the current study focuses on investigating the natural radioactive content in all
times of food.

Materials and methods

Sample Collection and Preparation. Twelve samples of the most available types of
flour were collected from the local markets in Iraq to measure natural activity. The types of
samples are listed in Table (1). After collection, each flour sample was kept in a plastic bag
and labeled according to its name. These samples were packed in a 1 L polyethylene plastic
Marinelli beakers of constant volume to reach a geometric homogeneity around the
Detector, then the respective net weights were measured and recorded with a high sensitive
digital weighing balance with a percent of £0.01%. After that, the plastic Marinelli beakers
were sealed with a PVC tape, and stored for about one month before counting, to allow
secular equilibrium to be attained between ***Rn and its parent ***Ra in uranium chain [8].

Table 1
Types and orign of wheat flour samples in this study
No. Sample code Name of Samples Origin of samples

1 F1 Good sentences Lebanon

2 F2 Fine semolina Saudi Arabia

3 F3 Altunsa Turkey

4 F4 Sirage Turkey

5 F5 Barrash Turkey

6 F6 Rehab IRAQ

7 F7 Sankar Turkey

8 F8 Super Turkey

9 F9 Donya Turkey

10 F10 Suphan Turkey

11 F11 Farina Turkey

12 F12 Sayf Turkey
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Measurement System. Natural radioactivity levels were measured using a gamma
spectrometer which includes gamma multichannel analyzer equipped with Nal(T1) detector
of (3"x3") crystal dimension as Figure (1). The gamma spectra were analyzed using the
ORTEC Maestro-32 data acquisition and analysis system. The detector had coaxial closed-
facing geometry with the following specifications: The calculated resolution is 7.9% for
energy of 661.66 keV of '*'Cs standard source. Relative efficiency at 1.33 MeV “’Co was
22.2% and at 1.274 MeV **Na was 24.4%. The detector was shielded by a cylindrical lead
shield in order to achieve the lowest background level. An energy calibration for this
detector was performed with a set of standard y-ray 1-uCi active "*’Cs, °Co,’*Mn, and **Na
sources. In this study, the activity concentration of “’K was determined directly from the
peak areas at 1460 keV. The activity concentrations of **U and ***Th were calculated
assuming secular equilibrium with their decay products. The gamma transition lines of *'*Bi
(1765 keV) were used to calculate activity concentration of radioisotope in the ***U-series.
The activity concentrations of radioisotope in the ***Th-series were determined using
gamma transition lines of ***T1 (2614 keV). The counting time for each sample was at
18000 sec.

Nal(Tl)

H.V Pre.Amp w MCA

v ¢

Interface

v 1

PC

Figure 1. Block diagram of a spectrometer system

Calculation of Activity. Since the counting rate is proportional to the amount of the
radioactivity in a sample, the Activity Concentration (4c) which can be determined as a
specific activity as the follows [9]:

-B
Ac:g (1)
e Mtl,

Where Ac is the specific activity, C is the area under the photo peaks, €% is percentage
of energy efficiency. I, is the percentage of gamma-emission probability of the radionuclide
under consideration, ¢ is counting time, M is mass of sample and BG is background.
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Radium Equivalent Activity. Radium equivalent activity (Ra.,) is used to assess the
hazards associated with materials that contain **U, ***Th and *’K in Bq/kg [8], which is,
determined by assuming that 370 Bq/kg of *Ra or 260 Bq/kg of ***Th or 4810 Bq/kg of
K produce the same y dose rate. The Ra,,of a sample in (Bg/kg) can be achieved using the
following relation [8,10,11]:

Rag, = Ay + (143 x Agy)+ (4ix 0.077) 2

Internal Hazard Index. This hazard can be quantified by the internal hazard index
(Hiy) [8,12-13]. This is given by the following equation:

Hy, = (Ay/185) + (Any / 259) + (Ax /4810) 3)

The internal hazard index should also be less than one to provide safe levels of radon
and its short-lived daughters for the respiratory organs of individuals living in the
dwellings.

Results and discussion

The specific activity due to **U, **Th and *’K in different kinds of wheat flour
samples has been measured as shown in Table (2) and Figures (2), (3) and (4) respectively.
The specific activity of **U was found in the range of (1.086+0.0866) Bg/kg to
(12.53242.026)Bg/kg with an average (6.6025) Bq/kg, ***Th from (0.126+0.066)Bg/kg to
(4.298+0.388)Bq/kg with an average (1.9465)Bg/kg and *°K from (41.842+5.875) Bg/kg to
(264.729+3.843)Bg/kg with an average (133.097) Bq/kg. The radiation hazard indices,
radium equivalent and internal hazard indices were calculated for all samples in this study
as shown in Table (3) and Figure (5).The internal hazard (H;,) and radium equivalent varied
(3.4031)Bg/kg to (35.1523)Bg/kg with an average (19.6346)Bg/kg and from (0.0091) to
(0.1219) with an average (0.0708)respectively.

Table 2
Specific activity of 280, 22Th and *’K in some types of wheat flour
Sample Specific activity in (Bq/Kg)
Code U238 Th232 K40

F1 1.086+0.0866 3.411+0.322 179.089+3.187
F2 9.991+ 1.715 3.340+0.356 264.729+3.843
F3 3.391+2.241 0.796+0.504 96.509+2.446
F4 5.102+1.861 2.462+0.475 120.555+5.5134
FS 2.243+2.303 1.646+0.394 47.805+5.025
F6 6.599+1.852 1.375+0.655 100.892+6.289
F7 11.078+2.848 4.298+0.388 79.767+6.499
F [ e 0.126+0.066 41.842+5.875
F9 6.048+1.526 1.561+0.664 109.061+6.643
F10 6.196+3.127 1.65240.684 191.549+7.006
F11 12.532+2.026 2.685+0.573 175.257+£6.510
F12 6.370£2.307 | @ e 190.104

Average 6.6025 1.9465 133.097
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There is a variation in the specific activity of radionuclides in different wheat flour
samples, for example (F1) which is Turkish Farina has lowest ***U concentration, while
(F11) which is Lebanese Good sentences has the maximum value, (F8) Turkish Super has
the lowest “*Th concentration while the maximum is (F7) also Turkish Sankar, and the
lowest “°K concentration is (F8) which is Turkish Super and the maximum is (F2) Saudi
Arabia Fine semolina. The results obtained show that the specific activity of ***U, ***Th and
*K in all wheat flour samples appeared lower than recommended limit of UNSCEAR
(2008) [15].The values of all the radiation hazard indices in this study ( radium equivalent
and internal hazard indices)are lowest value in sample (F8) Turkish Superand and the
highest value in sample (F2) Saudi Arabia Fine semolina. The result of the radiation hazard
indices are lower than recommended limit of UNSCEAR (2008)[15].
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Table 3

Radiological hazard indexes in some types of wheat flour

Sacnégf Hi, Raeq (Bq/kg)
F1 0.1027 28.3441
F2 0.1219 35.1523
F3 0.0414 11.9621
F4 0.0621 17.9068
F5 0.0284 8.2789
F6 0.0619 16.335
F7 0.0931 23.3670
F8 0.0091 3.4031
F9 0.0614 16.6801
F10 0.0797 23.309
F11 0.1145 29.8681
F12 0.07395 21.0081

Average 0.0708 19.6346
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Conclusions

The present study is the important at the national level to investigate radioactivity of
wheat flour that is available in Iraqi markets. It is found that consumption of wheat flour as
the foodstuff is safe for all ages of people in Iraq. The findings of this work will help in
establishing a baseline of radioactivity exposure to the general public from ingestion of
foodstuft.
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Introduction. An analysis of the drinking water quality
and the degree of access to water supply and sewerage system
in Poland was conducted.

Materials and methods. Method of analysis of secondary
statistical data was applied, mostly based on data available in
the materials of the Central Statistical Office in Warsaw, the
Waterworks Polish Chamber of Commerce in Bydgoszcz and
the National Water Management in Warsaw.

Result and discussion. 60 % of Poles do not trust to drink
water without prior boiling. Water flowing from the taps,
although widely available, is judged to be polluted, with too
much fluorine or not having the appropriate consumer values
(colour, smell and taste). The current water treatment systems
can however improve them, although such a treatment, i.e.
mainly through chlorination of water, deteriorates its quality
in relation to pure natural water. The result is that fewer and
fewer Poles drink water directly from the tap. They also less
and less use tap water to cook food for which the bottled
water is trusted more. Reason for that is that society does not
trust the safety of the water supplied by the municipal water
companies. The question thus is: Are they right?

Tap water in Poland meets all standards since it is
constantly monitored by the water companies and all relevant
health services. Tap water supplied through the water supply
system can be used without prior boiling. Studies have shown
that only the operating parameters of water, such as taste,
odour and hardness, are not satisfactory everywhere, different
in each city, and sometimes in different districts of cities,
often  waking thoughts among users about its
inappropriateness. The lowered water value can be easily
improved at home through the use of filters. In conclusion,
due to constant monitoring and investment in upgrading
treatment processes, the quality of tap water has improved
significantly in the last years.

Conclusion. The results first allow assessing the level of
water supply and sewage systems in the country and second
drawing conclusions as to the quality of water available to the
residents of Poland.
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Introduction

On 28 July 2010, the General Assembly of the United Nations (UN) adopted a
resolution according to which the right to clean drinking water and sanitation has officially
been recognised as a fundamental human right. Access to and quality of drinking water is
also one of the Millennium Development Goals, which have been put forward on the basis
of the Millennium Declaration accepted by the Member States of the United Nations (189
countries, including Poland) during the so-called Millennium Summit of the United Nations
in New York in September 2000.

Equally, a number of business studies conducted by UNDG' considered the widespread
availability of drinking water as one of the main objectives of development. The
justification of such a categorisation was the fact that access to running drinking water is
still not granted to approximately 884 million people worldwide, and diseases caused by
non-potable water, or as a result of its absence, still make one and a half million children
die under five years of age each year. Clean water is understood appropriate for
consumption without further treatment and health or human life [1]. However, according to
the World Health Organization (WHO) “as much as 80 % of all diseases of modern
civilisation have to do with the quality of drinking water” [2].

The global problem of scarcity of water resources proves the demands of the UN to
ensure access to clean water to all people on earth justifiable and not only limited to
developing countries only. The problem has been present for years also in highly
industrialized countries, where the level of pollution in general results in deteriorating water
quality in water supply systems. Since all chemical compounds contained in municipal
sewage systems and in industrial and agricultural production cycles are excreted into the
environment, they inevitably leak into the ground water, surface water and deep water too,
thereby reaching drinking water from the tap, from wells or mineral and spring waters.

Materials and methods

The method of analysis of secondary statistical data was applied, mostly based on data
available in the materials of the Central Statistical Office in Warsaw, the Waterworks
Polish Chamber of Commerce in Bydgoszcz and the National Water Management in
Warsaw.

Results and discussion

Statistical dimension of water and sewage system in Poland. According to the
Yearbook of the Central Statistical Office (GUS), ”"Environmental Protection in 2011 and
2012” and “Statistical Yearbook of the Republic of Polish 20127, the systems of collective
water supply - water systems - served in 2011 about 87.6% of the population of the country,
including 95,4% of the urban and 75.7% of the rural population. In contrast, the collective
sewage systems - sewer systems - were used by 63.5% of the population, respectively
86.7% of the urban population and 27.8% of the rural population [3]. Changes in water
supply and sewage in urban and rural areas in the period 2000-2011 are presented in Table
1.

! UNDG - United Nations Development Group.
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Table 1
General characteristics of water supply and sewage in Poland in the years 2000-2011

Category Year
2000 2005 2010 2011
Total population of the country | thousands | 38254 38 157 38 529 38 538
Total number of cities - 880 887 903 908
Urban population thousands | 23 670 23 424 23 416 23 385
Cities/towns with waterworks - 877 886 901 906

Length of active distribution

L klm 50 067 54 872 61003 62 009
waterworks nets in cities
Number ?f cities  operating ) 845 881 873 901
waterworks’ nets
Urban population using the | thousands | 21 889 22219 22171 22 303
services of water supply systems % 91,7 94,9 95,3 95,4

provided by public water supply

Urban population using sewege 19908/ | 20156/ | 20279/

thousands 19 828

services provided by public sewer 20 234 20 614 20 670

;ﬁ;ﬁ? [ sewage treatment |y 83,0 84,5 | 86,1/88,6 | 86,7/88,4

Length of active waterworks in |y 34948 | 43310 | 51493 | 54194

Rural population thousands 14 584 14 733 15113 15152

Rural population using waterwork | thousands 8 870 10 755 11368 11472

services provided by public water % 60 73 752 75,7

supply

Length of active distribution | 1, 161831 | 190729 | 211885 | 216291

waterworks nets in village

Rural population using sewage thousands ) 2 799/ 3 749/ 4207/

services provided by public sewer 3 006 4307 4631

systems collecting system, i.e.

sewage networks / sewage % 11,5/10,8 19,0/ 24,8/ 27,7/
20,4 28,8 30,6

treatment plants

Length of active waterworks thousands 16 162 36 820 55566 63 551

Source: RP GUS Statistical Annual, Warsaw, 2000, 2005, 2012.
*Number of people using the sewer network / number of people using the wastewater treatment plant.

When analysing the above table, one can see that in the cities sewer systems
development can keep pace with the development of systems of public water supply,
however as to the rural areas, one can observe large differences in this respect. That might
be partly explained with the fact that there is a considerable dispersion of rural housing.
15.1 millions inhabitants do live in more than 40 thousand villages, which due to technical
and economic aspects demands for individual solutions to wastewater collection and
treatment necessary to ensure adequate protection of the environment [4]. However, this
does not change the fact that the sewage systems in rural areas served only 27.8% of the
rural population. That also makes additional problems because environmental pressure
exerted by households that are not connected to the sewage systems produces a significant
portion of wastewater discharged directly into the environment, which deteriorates the
environment and hence on the quality of water resources.
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Legal regulations concerning the quality of drinking water supplied by water
companies. Water companies operating in Poland are required to comply with standards
adapted to the European Union (EU) regulations [5]. What concerns a broader water
management, the most important piece of legislation in the EU is the Water Framework
Directive (WFD) No 2000/60 EC.

The basic premise of the directive is the protection of water against pollution at its
source: in accordance with its demands formulated in 2015, the EU is to achieve a “good
water status”. One of the priorities of the WFD is the elimination of the so-called “priority
substances”, i.e. the environmentally most dangerous chemical substances produced by
industry and agriculture. In particular, such substances as DDT, PCB, PCT, aldrins,
dieldrins, isodrins and HCH were to be completely eliminated [6].

The WFD regulation also changed the water cleanliness evaluation system and the
economic water utility functioning in Poland since 1970 and replaced them with the
assessment of the general ecological status. According to the Decree of the Minister of
Environment from 11 February 2004 on the classification in presenting the status of surface
and ground water, concerning the method of monitoring and interpreting the results and the
presentation of the status of these waters, the rating of the waters can range from class I to
class V [7]. Only water classified as belonging to the class V is not suitable for human
consumption. Water quality belonging to the categories I to IV can be delivered to the
population after treatment and appropriate processing in the required water quality. The
Decree of the Minister of Environment from 27 November 2002 concerning the
requirements as to be met by surface and ground water used for public consumption
distinguishes three categories of quality of water intended for human consumption: I, II, III
- classified according to the degree of treatment [8].

As a result of adaptation of the Polish legislation to the requirements of the directive
concerning control of water quality, a “Water Law” [9], an Environment Protection Law
[10] as well as law on collective water supply and sewage collection have been passed [11].

When it comes to the same sanitary standards for water, the most important piece of
legislation is the directive of the EU Parliament and the EU Council on the quality of water
intended for human consumption specifying the standards on the chemical, physical and
biological properties needed to be met by water supplies [12].

Water intended for consumption must not, even potentially, constitute a danger to
human health. The directive defines both the parameters of acceptable concentration of
harmful substances for the human body (substances and toxic, mutagenic, carcinogenic
compounds) and such parameters as colour, turbidity, total number of bacteria, total organic
carbon, taste and smell. Although they do not have a direct impact on health of consumers,
their task is still to determine the effectiveness and quality of the water treatment process.
Standards concerning a number of indicators in force under the directive are more
restrictive than those recommended by the WHO [13].

Surveillance of the water quality intended for human consumption is controlled in
Poland by the State Sanitary Inspection (SSI) [14]. The systematic control of water is
carried by the county health inspector. The quality of water intended for human
consumption must comply with the requirements set out in the Regulation of the Minister
of Health of 29.03.2007 on the quality of water as issued at the 20" April 2010 [15].This
regulation intends to implement the EU directive (OJ EU L 1998).

Subject to a special rigor is raw surface water (before treatment), which is regulated by
the decree issued by the Minister of the Environment in 27" Nov 2002 regarding the
requirements to be met by surface water used for public supply and human consumption
[16].

344 ——Ukrainian Food Journal. 2014. Volume 3. Issue 3



——>be3srneka xapyosux rnpoodyKmie——

Standards governing the admissible concentrations of selected compounds in
drinking water.

Very dangerous to human health is a situation when the standards for microbiological
purity of water are exceeded. Microbiologically contaminated water resulting primarily
from human and animal waste may contain pathogenic bacteria, viruses, protozoan as well
as helminths (intestinal parasite) causing gastrointestinal disease and other infectious
diseases. In accordance with the current regulation of the Minister of Health of 20 04.2010r,
the water must therefore be completely free of impurities such as Escherichia coli and
Enterococcusfaecalis [17]. The regulation also specifies the admissible concentrations of
chemicals with a significant and direct relevance to the health safety of consumers. One
important group among them are nitrates, of which already traces can be found in most
waterworks in the country. They are substances produced by natural processes related to
agriculture, which penetrate into the deeper layers of soil and from there into the water.
They are particularly and directly dangerous for infants and young children. They may also
indirectly threaten the health of adults. They are also conducive for nitrosamines, which in
turn have been proved to promote mutagenic and carcinogenic processes when exposed to
them.

Another group of substances dispersed in waterworks throughout the country are
fluorides. They are commonly used in phosphate fertilizers for agricultural purpose in
Poland [18]. In addition to these frequently occurring compounds, the list of harmful
substances includes infer alia elements such as quicksilver (mercury), nickel, lead,
selenium, boron, and other organic and inorganic compounds. Among them, special
attention should be paid to the chlorine and all its derivatives. In contrast to other
substances listed in the regulation, chlorine is not considered as pollution that enters water
in an undesirable way. On the contrary, it is intentionally added to water through the water
treatment plants in order to minimise the bacteriological risk.

The water taken from the surface water passes through multiple purification steps, the
last of which is its disinfection. There are many methods for water disinfection. The basic
distinction consists between the physical and chemical methods. Physical methods include
UV radiation, ultrasound and disinfection using thermal techniques. Such methods are
relatively new and very expensive and, above all, are not as effective and sustainable as
chlorination with regard to preventing the formation and growth of bacterial communities.
Therefore, the application of chemical methods, which is mainly based on the use of
chlorine or chlorine dioxide, or ozone and potassium permanganate, is still much more
popular around the world.

Disinfection of drinking water is one of the most important factors that contributed to
the prolongation of human life because it virtually eliminated cholera epidemic, typhoid
fever, etc [19]. At the same time, however, chlorine in large doses is not conducive to
human health and its related compounds, which are formed by reaction of chlorine in water
with other substances, are also toxic. Particularly dangerous are the trihalomethanes
(THMs). According to the WHO, the risk of death due to cancer caused by THM is as low
as 1/100-1/1000 compared to the risk of death due to bacteria in not germ-free water [20].

Research is currently conducted on the effects of chlorine in diseases such as
atherosclerosis, heart attacks, bowel and bladder cancer or gradual loss of memory [21].
These studies are, however, very difficult because chlorine disinfection is so widespread in
highly developed societies that it is virtually impossible to find people that have not been
exposed to its impact for a long time. Finally, it should be mentioned that chlorine’s most
serious shortcoming is its effect on water flavour in Poland as well as its high
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concentration, both having a decisive influence on the negative opinion of Poles about
water supply [22].

The aroma of chlorine is so strong that even water containing 10% of chlorine as
compared to the standard is widely considered as distasteful. However, the sole criterion for
regulating the issue of taste and odour of water in the decree is whether they are
“acceptable to the consumer”.

Changes in the quality of waterworks in the opinion of the controlling
institutions. Information on the assessment of waterworks and sanitary wells and on the
quality of water delivered from these devices are prepared in accordance with the
Regulation of the Minister of Health of 29 March 2007 on the quality of water intended for
human consumption [23]. The data have been developed on the basis of the results
conducted in the field and followed laboratory tests carried out by the sanitary and
epidemiological stations. Control of the water supply was performed on the specific points
in the waterworks systems, as agreed between the relevant county sanitary and
epidemiological station and the manager of the waterworks. Waterworks were grouped
according to their capacity. On the basis of physical, chemical and bacteriological tests, two
categories of devices are named; one providing good water, i.e. corresponding with the
sanitary requirements and, second, supplying bad water not doing so. The second group has
not been discovered in the study.

In 2011, the control of the water quality intended for human consumption was
conducted by the State Sanitary Inspectorate in respect of a total of 8 831 of 8 965 water
supply facilities registered on the 31st December 2011, i.e. 98.5 %. Table 2 illustrates the
detailed data.

Table 2
The quality of water supplied to the population for consumption in 2011
C Device Population
ategory Controlled devices supplied with
Delivering water in total in % water
As correspondiong
Watel:works evidenced Corresponding Not . with sanitary
with at Total with corresl.)ondlng requirements
perff"rg‘;‘;‘““ 31.12.2011 Sanitary Wwith in % of the
ot m/day requirements Sanitary population
requirements | ygino facilities
Below 100 4176 4101 90,7 9,3 92,4
100 — 1000 4112 4063 93,7 6,3 93,1
1000 — 10000 613 603 93,5 6,5 95,2
10000 -
100000 60 60 95,0 5,0 97,0
above 100000 4 4 100,0 0 100,0

Source: Self-compilation based upon RP GUS Statistical Annual, Warsaw 2012, pp. 103.

Waterworks devices on which tests were conducted were divided into groups
according to their performance in water operation in m3 per day. First group of such
devices was one with capacities below 100m3 per day. In 2011, there were 4176 such
devices in the evidence, of which 4101 were tested, i.e. 98.2%. 90.7% of water from these
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devices met the necessary sanitary requirements, which corresponded with 92,4% of the
population using the water from these devices.

Another group are the devices of which the daily performance ranges from 100 to
1000m3 per day. In 2011, there were 4112 such devices, of which 4063 has been
controlled. As to this group, about 93.7% of the devices met the satisfactory sanitary
requirements, which in this case meant 93.1% of the population using these devices to get
water.

Another threshold in the daily performance of water supplies, which was determined
by the GUS, is 10000m3, which means that it includes devices with capacities from 1,000
to 10,000 m3 per day. In 31% December 2011, 613 such devices were evidenced in Poland,
of which 603 were tested as to the quality of water in terms of sanitation. This group of
water devices showed a lower performance by 0.2 percentage points compared to the
previous group. This means that 93.5% of water tested on these devices met the sanitary
requirements. This result corresponds with 95.2% of the population using and being
provided with water meeting the standard water quality intended for human consumption
(Journal of Law of Poland, No 61, pos. 4170).

Another type of water supply devices, on which water quality testing was performed
were devices operating daily with from 10,000 to 100,000 m3 of water. There were 60 such
devices in 2011 in Poland and on each of them water quality was tested and monitored.
These devices are characterized by the fact that about 95% of water quality testing
conducted on them indicated no breaches on water quality as required by the Polish law,
which met the requirements up to 97% as to the delivery of water to the population.

The last group of water supply devices are the largest in its capacity, i.e. with capacity
going beyond 100,000 m3 a day. There were only 4 of such type of water equipment in
Poland and all of them were tested as to water quality. The results of these studies showed
the best performance in terms of the water quality as in each case the tested water met
sanitary requirements. The percentage of population supplied with water meeting sanitary
requirements, i.e. water quality meeting 100% of the requirements in using the largest
facilities, was the highest among all groups amounting to 100 %.

Equally “Brita”, the company manufacturing water filters (for, among others,
removing chlorine) conducted in 2010 an independent study of water quality in 10 selected
Polish cities. The water was analyzed by the Institute of Chemistry of the University of
Warsaw. Brita decided to participate in the program because of the public opinion polls
showing that 60% of Poles do not trust the tap water quality. The results confirmed the
study of Chief Sanitary Inspector (GIS) that water is safe and meets all standards. However,
as it comes to the usability of water, especially its smell and taste, it often leaves much to
be desired. According to Brita, the bad taste of water is linked to the low hardness of water,
where chlorine is perceptible.

In the ranking of the surveyed cities concerning the best taste of water was in
Zakopane, Lodz and Gdansk, followed by Warsaw, Bialystok, Lublin, Poznan and
Wroclaw. The worst taste water had Katowice and Krakow. Similarly, in the assessment of
water odour Zakopane and Gdansk were best, while the most repulsive smell of water had
Lublin, Wroclaw and Katowice. Brita tests also confirmed that the vast majority of urban
concentrations of harmful substances in water were visibly below the limit. [24] The test
conducted by Brita examined the indicator parameters and microbiological purity, the
content of organic compounds as well as the concentrations of metals and inorganic
compounds.

The results of laboratory tests of all water samples delivered from different cities
confirmed that the water from the water supply meets all standards and is safe for human
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consumption. All tested samples of tap water were characterised by a high bacteriological,
physico-chemical and chemical purity.

Conclusions

There is a lot of concern about drinking tap water among Poles. However, as research
shows, these concerns are unjustified. Tap water in Poland meets all standards since it is
constantly monitored by the water companies and all relevant health services. Tap water
supplied through the water supply system can be used without prior boiling. Studies have
shown that only the operating parameters of water, such as taste, odour and hardness, are
not satisfactory everywhere, different in each city, and sometimes in different districts of
cities, often waking thoughts among users about its inappropriateness. The lowered water
value can be easily improved at home through the use of filters. In conclusion, due to
constant monitoring and investment in upgrading treatment processes, the quality of tap
water has improved significantly in the last years.
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Introduction. The structure of dairy products is a
complex of proteins, fat, minerals and water that
determines the texture and sensory properties of the
product.

Material and methods. The fermented milks (using
the example of yogurt), cheese, ice cream, aerated milk and
frozen fruit desserts have been researched. Scientific
articles, published during 2000 and 2014 years, as well as
theses and monographs of dairy science have been analysed
too. Methodology of the investigation is based upon the use
of the methods of analysis, comparison and synthesis.

Results and discussion. The scientific understanding
of the milk proteins’ role in the structure formation of
dairy product has been summarized. Negligible changes of
structure as a result of compositional or technological
changes can lead to shifts in the stability, texture and
rheology of products, which are closely related to each
other. The allowance of these properties has significant
influence on the manufacturing,

Acid coagulation is a major functional property of milk
proteins, which used in the structure formation of cheese and
fermented dairy products. However, the form and properties of
milk curd depend on the heat treatment of milk before
fermentation. Milk proteins exhibit other functional properties
(emulsification and partial coalescence of fat globules, aeration
and foam stability during a chuming, viscosity increasing of
external phase) in the development of structure in the ice cream,
aerated milk and frozen fruit desserts.

Conclusions. It is expedient to use results into a further
study of the structure formation mechanism of dairy
products and the development of recommendations in
order to an efficient production.
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Introduction

For all dairy products including curd, cheese, yoghurt, ice-cream, whipped cream and
desserts structure governs the quality, in particular the texture, solubility, flow, viscoelasticity
and fracture characteristics. The structure of dairy products is the spatial arrangement and
interaction of constituents and structural elements (such as proteins, carbohydrates and lipids) of
at the nano-, meso- and microscale. Different methods can be employed to modify structure and
texture, which may then influence the creation (generation) and the release of flavour volatiles
[1-5]. This in turn influences the sensory perception of texture and flavour by consumers. In
recent years, there have been significant advances in our understanding of milk systems and
milk components’ interaction. Improvements in structure formation have been accompanied by
massive changes in the scale of many milk/dairy processing operations, and the manufacture of
a wide range of new dairy products.

Milk proteins play a crucial role in many food products, especially in dairy product [6-13].
Milk proteins are the best characterized and most widely used food proteins due to their
abundance, ease of isolation and crucial role in human nutrition [14, 15]. Milk proteins
distinguish themselves from most other food proteins in that they naturally exist in an aqueous
environment and are thus readily soluble. This solubility is combined with a high nutritional
value, bland flavour profile and wide array of desirable functional properties, such as
emulsification, foaming, gelation and heat stability [14, 16-18].

Material and methods

The fermented milk (the case of yogurt), cheese, ice cream, whipped milk and frozen
fruit desserts have been studied. Scientific articles, published during 2000 and 2014 years,
as well as theses and monographs of dairy science have been analysed. Methodology of the
investigation is based upon the use of the methods of analysis, comparison and synthesis.

Results and discussion

Milk is an emulsion of fat globules in an aqueous phase. The aqueous phase consists of
three major groups of components which participate in the formation of dairy products: proteins
(casein and whey proteins), milkfat (milkfat globules, lipoproteins), and lactose (milk sugar)
[19]. Two classes of milk proteins exist. These are the caseins and the whey proteins, which
represent ~75 % and 25 % of protein in bovine milk, respectively. The most abundant casein
family consists of several fractions (mainly ag-, 0p-, B-, K-casein) and most of them exist in a
colloidal particle known as the casein micelle [20]. These casein micelles are highly hydrated,
containing ~75 % of water and consist of ~10000 casein molecules, as well as small quantities
of calcium phosphate (fig. 1).The second protein group in milk is the whey proteins which
include heat-sensitive, globular, water soluble proteins, of which a-lactalbumin, -lactoglobulin,
serum albumin and the immunoglobulins are the most abundant [21].
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Fig. 1. Scanning electron micrograph (left) [22] and schematic outline (right) of a casein micelle: 1-
submicelle, 2 — protruding peptide chain, 3 — calcium phosphate [23].

Functional properties of milk proteins. The functional properties of proteins may
generally be classified into two main groups, hydrodynamic or hydration related, which
includes water absorption, solubility, viscosity, and gelation. Functional properties such as
emulsification, foaming, and film formation are related to the surface-active properties of
proteins [16]. Proteins usually exert several inter-dependent functional properties
simultaneously in each food application [24].

The functional properties of proteins are governed by their structural characteristics (e.g.,
size, charge, and surface hydrophobicity) [14, 25]. These intrinsic properties are themselves
affected by many extrinsic or environmental factors, such as pH, ionic strength, and temperature,
and also by interactions between the proteins and other materials in the food system [16, 26].

Milk protein can provide desirable viscosity and texture of dairy foods. The ability of
protein to hydrate and thus entrap or bind water is important in many food technologies. It is
known that, viscosity is related to quality attributes, such as physical appearance and mouthfeel.
Water associates with protein via hydrogen bonding to polar groups [18]. Occasionally, non-
polar groups are forced into water as a part of a specific protein structure. In addition, water may
be held physically in capillaries within the product or trapped within the food structure by
surface forces. In general, proteins, that are completely soluble, are less effective at water
binding than those that are less soluble [16]. An important aspect of protein hydration is the rate
and extent of swelling.

Milk proteins have excellent emulsifying properties and are therefore used in many food
formulations as emulsifying agents [27]. Casein possesses high surface hydrophobicity with a
well-balanced distribution of hydrophilic and hydrophobic domains as well as a high degree of
conformational flexibility, which allows them to interact strongly at the oil-water interface.
Moreover, a number of researchers have reported that B-casein is adsorbed in preference to og;-
casein and other proteins in emulsions stabilized by a mixture of purified - and oy -caseins, as it
is the most surface active and hydrophobic [8, 16]. Whey proteins also adsorb rapidly to, unfold
and reorientate at the oil-water interface forming emulsions that are only slightly less stable than
those formed with casein under the same conditions. The state of the droplet size distribution
reflects the emulsifying capacity of the proteins, the energy input during emulsion formation, as
well as the effects of various factors (such as pH, temperature, ionic strength, and ratio of the
two phases) on the surface activity of the proteins [8].

As milk proteins are surface active, they have the ability to adsorb to the air-water
interface during foam formation [21]. Essential for the formation of protein-based foams is
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a rapid diffusion of the protein to the air-water interface to reduce surface tension followed
by partial unfolding of the protein. Further interactions between protein molecules at the
interface lead to the formation of a cohesive film with a certain degree of elasticity, which
stabilizes the foams [16]. Caseinates generally give higher foam overruns but produce less
stable foams than whey proteins [28]. Whey proteins are capable of forming a cohesive
structure surrounding the foam bubbles as well as providing excellent surfactant properties.

It is well known that partial heat denaturation of the proteins improves the foaming
characteristics of whey proteins [26]. However, partial hydrolysis of whey proteins with
proteolytic enzymes increases the foam volume but reduces its stability. Limited hydrolysis of
whey proteins combined with heating at 55-70 °C gives excellent overrun and stability, provided
the pH is between 7 and 8 before whipping [26].

Milk proteins have the ability to form rigid, heat-induced irreversible gels that hold water and
fat and provide structural support [18]. The ability of milk proteins to undergo gelation upon the
addition of acid or rennet to milk is well known. The heat-induced gelation of whey proteins
involves a series of steps, starting with the unfolding of protein molecules, followed by their
aggregation in aqueous solution [25]. A gel is formed when the extent of aggregation exceeds
some critical level, a three-dimensional, self-supporting network that traps the solvent in the
system is formed. When the extent of aggregation is below some critical minimum, soluble
aggregates or a precipitate will form.

In general, heating a protein solution above the minimum denaturation temperature of the
constituent proteins is required for gel formation. The strength of whey protein gels is affected
by the concentration and purity of the protein. A protein concentration of 7.5% or greater is
needed to form a strong gel at pH 7.0 upon heating for 10 min at 100 °C [25]. Pure solutions of
[B-lactoglobulin can form gels at 5 and 4% protein, respectively, after heating for 15min at 90 °C.
As the protein concentration is increased, the number of potential interactions between
molecules is enhanced, resulting in an increasing of gel strength, a reducing of gelling time, and
a finer gel network. A gel hardness increases with increasing heating temperature and time when
other factors are maintained. Heating rate also affects the gelation process. Slow heating allows
the proteins enough time for unfolding and aggregation, resulting in much stronger gels.

The unique properties of caseins and whey proteins, their interactions during
processing (e.g., heat treatment), and their interaction with salts, are responsible for the
desirable properties of a wide array of popular dairy food products, including cheese,
yoghurt, ice-creams, milk desserts and milk shakes.

Gelation of milk proteins is the crucial first step in both cheese and fermented milk
manufactures [29, 30]. However, the proteins’ coagulation is different in these two
technologies. Cheese production requires a combination of acidification and enzymatic
hydrolysis of milk proteins whereas for fermented milk production is necessary only
acidification, as the result the milk curd is different (fig. 2). In addition, the way in which
milk coagulates is controlled by heating.

Fig. 2. Casein micelles coagulate: into clusters in the cheese production (1), into branched
chains in the fermented milk production (2) [31].
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Fermented milks (using the example of yogurt). Fermented milks are obtained by
fermentation by suitable microorganisms resulting in reduction of pH with coagulation.
There are numerous types of fermented milks manufactured in different parts of the world.
Throughout the world, around 400 names are applied to traditional and industrially made
fermented milk products. Each type of fermented milk involves specific microorganisms,
based primarily on the optimum growth requirements of the starter cultures (i.e., mesophilic
and thermophilic microflora). However, there are strong similarities between manufacturing
technologies used.

Yogurt has traditionally been made from milk that had been heated almost to boiling.
Coagulation of the milk proteins is induced by thermophilic bacteria, such as Lactobacillus
delbrueckii subsp. bulgaricus and Streptococcus salivarius subsp. thermophiles. The milk is
coagulated by a slowly increasing concentration of lactic acid as the bacteria metabolize lactose.
The proteins do not precipitate (as would happen following an addition of a large amount of
lactic acid) but form a gel. Its ability to retain all the water present in the milk is the result of a
peculiar microstructure of the protein network. It consists of short branched chains of casein
micelles (fig.2) and resembles a sponge with very small pores [31]. In fat-containing products,
the presence of (large) fat globules obscures the finer details of pores and strands. The diameter
of these pores varies considerably, with larger pores in gels made at a high gelation temperature
(usually <30 urn). Lee, W. J. and J. A. Lucey report [32] that yogurt gels made from milk heated
at high temperature (>80°C) had a more cross-linked and branched protein structure with small
pores compared with milk heated at low temperature.

Heat treatment of milk and the concomitant denaturation of whey proteins affect the
characteristics of the acid-gel. When milk is heated at >70°C, the major whey proteins,
such as, B-lactoglobulin are denatured [25]. During denaturation B-lactoglobulin interacts
with the k-casein on the casein micelle surface by disulfide bridging [5, 33]. The result is a
complex which makes the casein micelle surface markedly coarser. Casein micelles with
the k-casein—fB-lactoglobulin complex formed on their surfaces have a limited ability to
aggregate. Consequently, short branched micelle chains are formed. Soluble complexes of
denatured whey proteins with Kk-cascin also associate with the micelles during the
acidification process.

The effects of whey protein denaturation on the gel properties can be ascribed to several
factors [34].

Firstly, the concentration of gelling protein increases due to the contribution of the
denatured whey proteins in the gel structure (2.8% in unheated milk versus 3.3% in heated
milk).

Secondly, denatured whey proteins which are associated with the casein micelle could
act as a bridging material between the micelles. As denatured whey proteins contain
reactive thiol groups, disulfide interactions can also occur. These effects can increase the
number and strength of bonds between the protein particles.

Thirdly, whey protein aggregates can act as an additional bridging material.

According to Lee, W. J. and J. A. Lucey, stirred yogurt can have very large clusters of
caseins presumably created by the collisions and shearing during the mixing process [35]. Cayot
et al. [36] report that the consistency index in stirred yogurts, calculated from the Ostwald
model, increased as milk heating temperature increased from 70 to 100°C. An increase in milk
heating temperature causes an increasing of apparent viscosity and provides mouth-coating
attributes [3, 35]. The characteristic three-dimensional gel matrix of set yogurt is no longer
visible in stirred products.

Cheese. Cheese is a concentrated protein gel, which occludes fat and moisture. Its
manufacture essentially involves gelation of milk, dehydration of the gel to form a curd and
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treatment of the curd. Cheese is made from milk that hadn’t or had been heated at lower
temperature than fermented milks. In result of this treatments milk consists of casein micelles with
smooth surfaces [31]. Casein micelle surfaces interact with other casein micelles and form large
micellar clusters from which whey separates easily (fig.2.). It is possible to use both rennet-induced
and acid-induced coagulations in cheesemaking, however, rennet-induced gelation of milk is used
more often [30].

Proteolytic enzymes such chymosin are used to destabilize casein micelles and make
them to coagulate [37]. The enzyme is an endopeptidase, which in milk of pH 6.7 cleaves
very specifically the Phel05-Met106 bond of k-casein [38]. K-casein is split into para-k-
casein and caseinomacropeptide (CMP) of which para- k-casein is insoluble, while CMP is
soluble. Para- k-casein has not the colloid-protective property of k-casein. Extensive cleavage
of the k-caseins present in the hairy brush results in destabilisation of the micelle. The
micelles coagulate and form a gel [11, 39].

Enzyme-induced gelation of milk is hindered by a variety of factors, which either:

* restrict access of the enzyme to (k-casein), for example complexation of denatured whey
protein with k-casein at the micelle surface, as a result of high heat treatment [39];

* act as obstacles to the aggregation and fusion of rennet-treated casein micelles, for
example Kk-casein/ B-lactoglobulin appendages at micelle surface, or serum k-casein/ -
lactoglobulin particles [40].

The milk gel, obtained during enzyme-induced gelation, consists of casein micelle clusters
and short chains. They encapsulate fat globules — the natural large corpuscular particles present
in milk. Void spaces in the casein matrix are filled with the whey [41]. Following gel formation,
the resultant milk gel is subjected to a number of operations that promote the release of whey, an
approximate tenfold concentration of the casein, fat and micellar calcium phosphate
components, and a transformation to a curd with much higher dry matter content than the
original milk gel [42].

During the dehydration process of the gel, protein concentration and aggregation continue
via various types of intra- and intermolecular interactions [43], including calcium bridging,
hydrophobic interactions between lipophilic domains and electrostatic interactions (other than
calcium bridging). The strength of these interactions is modulated by ionic strength, pH, calcium
and temperature, and hydrolysis of proteins to peptides, which alters the hydrophile/lipophile
balance of the proteinaceous fraction.

Of particular interest in relation to milk composition and cheese quality is the impact of the
proportion of intact ag-casein content in milk on casein aggregation, strength of the enzime-
induced milk gel and texture of the final cheese [37]. The sequence of residues 14-24 is a
strongly hydrophobic domain and confers intact og-casein with strong self-association and
aggregation tendencies in the cheese environment. This domain also has 3 mol of glutamate,
which are expected to contribute to intra- and intermolecular calcium bridges. It has been
suggested that self-association of ag -casein in cheese via these hydrophobic 'patches', leads to
extensive cross-linking of para-casein molecules and thus contributes to the overall continuity
and integrity of the casein matrix in the cheese curd. The early hydrolysis of ag -casein at the
phenylalanine23-phenylalanine24 peptide bond results in a marked weakening of the para-
casein matrix and reductions in fracture stress and firmness of the cheese during maturation [4].
This hydrolysis is a key step in mediating the conversion from a fresh rubbery curd to a mature
cheese with the desired textural and properties [42].

Lydia Ong et. al highlight the potential of using milk with increasing concentrations of protein to
increase the total cheese yield [41]. The increased protein concentration decreases the volume of the
sweet and salty whey, potentially reducing the cost associated with processing this by-product.
Protein addition could also be used as a tool when cheese with lower moisture content is required and
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led to only subtle changes in the microstructure, with denser gels, denser milled curds and larger fat
globules in the pressed cheese. The cheeses made with higher milk protein are harder than cheeses
made with unstandardised milk.

Ice cream and aerated desserts. Other widely popular products in which milk proteins play
a crucial role are ice cream and aerated desserts. The structure of ice cream and frozen aerated
desserts can be described as a complex colloid consisting of three internal phases (fat globules,
some partially coalesced, and their adsorbed interfacial material; air bubbles and their adsorbed
interfacial material; and ice crystals) surrounded by a freeze-concentrated aqueous serum or
matrix phase that contains the sugars, proteins, polysaccharides and salts [12].

An ice cream mix is first prepared which contains fat, milk solids non-fat (MSNF),
sweeteners, emulsifiers and stabilizer. Initial processing of this mix typically involves
formulation, homogenization and pasteurization, following which it is aged for at least four
hours at 4°C or lower. This last step induces sufficient crystallization of the fat and restructuring
of the emulsion droplet surface to facilitate sufficient partial coalescence of the fat droplets
during freezing. The aged mix is then simultaneously aerated and frozen, typically using a
continuous scraped-surface ice cream freezer.

Milk proteins are added as part of the MSNF component. The protein’s content of a mix
is usually about 4% [44]. Milk proteins contribute strongly to emulsification of the fat and to
partial coalescence of the fat globules and fat structure formation during ice cream
manufacture [45]. It is critical that the emulsion droplets are stable during mix preparation,
but yet susceptible to partial coalescence during the freezing stage in manufacture. This can
happen because the fat droplets are primarily covered by milk protein immediately after
emulsification, but are gradually displaced by low molecular mass emulsifiers (e.g.,
monoglycerides) during aging of the ice cream mix [46].

Milk proteins play a crucial role in the stabilization of air bubbles during the initial stages of
ice cream manufacture [15]. During the manufacture of ice cream, air is incorporated in ice cream
to approximately 50 % of the volume phase of the final product. It needs to be rapidly covered by
surface active compounds to stabilize this expanding air-liquid interface [12]. In ice cream, milk
proteins dominate the air-water interface (fig 3).

air bubble

Figure 3. Model for a stabilized air bubble in ice cream and frozen aerated desserts [47]:
1 —intact fat globule attached to the air bubble via calcium bridges; 2 — partial destabilized fat agglomerate;
3 — emulsifier; 4 — calcium bridges; 5 — B-casein; 6 — casein micelle; 7 — casein submicelle; 8 — whey
protein.
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In addition to emulsification and aeration, milk proteins play a crucial role in
structuring the external phase of ice cream. The hydration of milk proteins is important for
the rheological properties of the ice cream. Milk proteins are partially incompatible with the
added polysaccharides. The resulting networks of polysaccharide and aggregated protein
may be partially responsible for controlling recrystallization of the ice phase during storage
and temperature fluctuations [48].

In a recent study T. Huppertz shows that, high pressure processing (HPP) of ice cream mixes
strong effects on the rheological properties of the mixes and ice cream prepared from these mixes
[49]. For instance, viscosity of the ice cream mixes can be increased more than 25-fold by
treatment at pressures exceeding 400 MPa. These effects of HPP on ice cream mix can also be
largely related to changes in the milk proteins in ice cream mix (the casein micelles have been
disrupted) [49]. Like heat treatment, HPP treatment can result in the denaturation of whey proteins,
which results in the formation of whey protein aggregates and the association of denatured whey
proteins with the casein micelles [50, 51]. Structuring of milk proteins in ice cream by HPP or
other means thus offers opportunities for the replacement of fat and stabilizers in ice cream without
compromising on hedonic quality parameters.

Moreover, milk proteins can provide the same functional properties (aeration,
emulsification) in the structure formation of other dairy dessert products such as milk
shakes, whipped cream, frozen aired desserts [13, 52, 53].

Conclusions

Milk proteins provide the structural elements responsible for the textural and melting
properties of dairy products. Their ready hydration and strong interactions with each other
and with various other components make them valued ingredients in food applications.

The technological properties of milk are strongly influenced by the stability of the casein
micelles. Deliberate destabilization of the casein micelles resulting in coagulation or gelation is
exploited in the production of a range of dairy products, including all cheese varieties and
fermented milks. Another important feature of the milk proteins is their strong interactions with
one another. Heat temperature treatments have marked effect on their interaction and solubility at
neutral pH. This characteristic is reflected in the high viscosity of proteins’ solutions and their
ready ability to form foams and emulsions.

It is expedient to use results of review into a further study of the structure formation
mechanism of dairy products and the development of recommendations in order to an
efficient production.
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Introduction. Development of dry mixes for making
spumy and emulsion products are topical, because
nowadays there is a tendency to minimize the time spent
on the process of cooking, which is achieved by the use of
semi finished products high degree of readiness.

Materials and methods. Foaming ability was
determined by the method of multiplicity of the foam, the
stability of unstable foam- by the half-life method of foam,
highly resistant foam - as a ratio of the height of the
column of foam after exposure for 24 hours.

Results. Was determined the influence of sunflower
oil on the foaming ability and half-life foam of systems
«sodium caseinate-oil». It was found that getting systems
with high index of foaming capacity and foam stability in
the presence of oil in the system is impossible without the
use of low molecular weight surfactants. Substantiated
recommendations regarding the feasibility of using two
surfactants in systems «sodium caseinate-surfactants-oily,
which provide the necessary kinship surfaces air, fat and
water phases. it has been found that the use of 2,5...3,5%
mono-and diglycerides of fatty acid sand Lecithin’s
0.15...0.25% in the content of sodium caseinate about
0.5% allows to receive the stable foam-emulsive systems
containing sunflower oil 7...8% and foaming ability about
640+1%.

Conclusions. It is established that for ensuring high
indicators foaming capacity and stability of foam-emulsive
systems required the use of low-molecular surfactants. The
research results, is recommended to use when developing
technology of foam-emulsive products.

Introduction

Given the specificity of functioning of the restaurant industry (fragmented dislocation

within settlements, reducing the area of industrial facilities, specialization, etc) successful
manufacture of food products with foam-emulsive structure, representatives of which are
desserts, finishing semi-finished products (creams), layers of cakes and pastries, possibly
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on the basis of semi finished products high degree of availability, the use of which will
provide stable quality parameters and safety of the finished product in the technological
flow.

For existence on the food market of Ukraine is a wide assortment of multifunctional
semi finished products and food concentrates in the form of dry and liquid mixtures [1], the
volume of production and technological characteristics not satisfy fully the needs of
institutions the restaurant industry. The main reasons are the unstable properties of
prescription mixtures during foaming and storage of finished products; using as part of semi
finished products hydrogenated vegetable oils - palm, palm kernel, soybean, which has a
number of drawbacks, including the main - have transisomers of fatty acids; absence
domestic production of semi-finished products.

Therefore development of dry fatty semi finished product for the production of food
products with foam-emulsive structure is relevant, as it using will reduce the time and
production areas providing the quality and safety of the finished product, create wide
variety of desserts and pastry, able to satisfy the requirements of the modern consumer’s by
implementing business processes B2B and B2C.

With the implementation of the traditional method of making a dry fat-containing
mixture limiting factor is the significant energy consumption in the production of semi
finished products, which are produced by spray drying the emulsion pre-condensed product.
The scientists of Kharkiv State University of Food Technology and Trade proposed a
fundamentally new way of obtaining fat dry semi finished products (hereinafter - semi
finished products) by spraying a mixture of fat based on sunflower oil on the powdered
filler. This approach can reduce the energy consumption for the production of semi-finished
products and provide high quality and stable indicators foam-emulsive products based on
them.

Development of a new method for producing semi finished requires scientific
substantiation prescription composition (form and concentration of surface-active
substances (SAS) and technological parameters of its production (temperature and duration
of recovery, churning, storage, etc.), for implementation of which he will meet the
following requirements:

- have a commodity form of dry mixture with constant organoleptic, physicochemical
and microbiological parameters during a specified period of storage;

- restoring by mixing with drinking water, followed by stirring to dissolve the
ingredients, followed by the formation foam-emulsive system of its mechanical
dispergation;

- foam-emulsive systems based on whipped semi finished should be technologically
compatible with food ingredients and /or products in the form of fruit berry, chocolate and
other fillers to create a wide range of culinary and confectionery.

- restored semi-finished product must have high performance foaming capacity and
foam stability, ensuring its use in technology of dessert products and finishing semis.

The main and essential condition to obtain a foam emulsion products is the use of
foaming agents, including traditionally used macromolecular compounds protein (egg
white, milk), polysaccharide (methylcellulose, hydroxylpropylmethyl cellulose) nature and
low molecular weight surfactants. In this important scientific and practical aspect of
obtaining foam emulsion systems is to stabilize their structures in general, including the
presence of a fatty phase, along with other factors affecting the formation of organoleptic
and physic-chemical characteristics of products, such as textural homogeneity, shape
stability, and others.
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It is advisable to define the criteria for selecting surfactants dry fatty semi finished to
obtain a foam emulsion systems:

- first, surfactants must ensure complete dissolution of the components during
recovery of semi finished (the first stage) and emulsification fat phase (the second phase),
which is in the dispersed state;

- secondly, by the reasonable using of surfactants high foaming ability and foam
stability should provide initial indicators of foam systems throughout the period of storage
and sales;

- thirdly, the foaming agent (or system foaming agent - stabilizer) should not alter
their functional and technological properties of conditions for the introduction of fillers
regardless of their chemical composition, colloidal state, allowing create a wide range of
products from foam emulsion structure.

In the works of national and international scientists [2-5] is pointed out that one of the
factors stabilizing stability of spumy systems is structural-mechanical, which is achieved by
increasing the strength of interfacial adsorption layers (IAL). Providing strength IAL done
by using macromolecular-surfactants (proteins). For the foam-emulsion systems it is
necessary to regulate the strength IAL. In particular on stage whipping important is
decrease in strength of IAL at the interface water-oil to form fat crystals capable of
coalescence at the interface water-air and simultaneously increase the strength of IAL on
the verge of water -air is realized by using a mixture of surfactants (proteins and low
molecular weight surfactants) [6-8]. In studies noted that the above named course of the
process achieved by adsorption surfactants at the phase interface - competitive, associative
and layered.

During exploratory studies demonstrated that combined use of macromolecular
(proteins) and surfactants with low molecular weight for rational ratio increases the
mechanical strength of the foam systems by preventing thinning foam films and
significantly prolongs duration of the existence of the foam. Also, use as part of semi-
finished fat phase in the form of vegetable oil (sunflower), likely will improve the solubility
of low molecular weight surfactants.

Given this, the aim of these studies is the justification for type and concentration
surfactants by identifying patterns of change foaming capacity and stability of food foams
systems that simulate the composition of dry fat-free cake mix for the production of foam-
emulsion products.

Materials and methods

In order to study the rational content of the main prescription components studied
foaming ability (FA), the half-life of foam (HLF) and the stability of foams (SF).
Experimentally was found regularities FA, HLF and SF on the concentration of sodium
caseinate, surfactants, sunflower oil in the systems.

Spumy systems were obtained by churning prescription mixtures of defined
composition. The mixture was prepared by dissolving low molecular weight surfactants in
sunflower oil at a temperature of 60 ... 70°C and followed by mixing with an aqueous
solution of sodium caseinate. Whipping was performed in 5 x 60's using a mixer at a speed
of rotation of the working organ 29 s™'.

Foaming ability of systems was determined by the method and calculated by the
formula:
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3= 100E
Vs

Vr - volume of foam cm?;

Vs - volume of solution before churning, cm’.

The stability of foams unstable systems expressed through a half-life of foam (t"?), that
determined the time during which the foam column destroyed half of the original height of
the foam. Persistence of stable foams was determined as the ratio of the height of the foam
column after holding for 24 x 607%s at a temperature of 20,0 + 0,5 °C to the total height of
the sample, expressed as a percentage.

Results and discussion

In order to study the type and concentration surfactants consisting of semi-finished
researched the patterns of change ability of foaming and half-life of foams food systems
«sodium caseinate-oil», «sodium caseinate-surfactantsy, «sodium caseinate-surfactants-
oil».

Based on previous studies as raw that contains protein was selected sodium caseinate at
a concentration of 0.5...2.0% low molecular weight surfactants - E471, E473, E481, E322,
E472¢ (Table 1). The content of sunflower oil in the systems was investigated varied in the
concentration range 0...10%.

Table 1
Characterization of surfactants

Name of surfactants The properties of surfactants

E471 Mono- and diglycerides of fatty acids | Nonionic surfactants, HLB = 3...4, iodine
number — 80g 1/100g

E471 Mono- and diglycerides of fatty acids | Nonionic surfactants, HLB = 3...4, iodine
number — 3g I/100g

E473 Sucrose esters of fatty acids Nonionic surfactants, HLB = 13...15
E481 Sodium stearoyl-2-lactylate Anionactive surfactants, HLB = 16...18
E322 Lecithins Ampbhoteric surfactants, HLB = 4
E472a Acetic acid esters of mono- and Nonionic surfactants, HLB =2...3

diglycerides of fatty acids

In the first phase of research identified patterns of foaming «sodium caseinate-oil» (Fig.
1).

It is proved that aqueous solutions of sodium caseinate 1.0%, 1.5% and 2.0% due to the
high surface-active properties form foam system FA indicators which constitute 580 +1%,
550£1%, 500 +1%, respectively but these systems are characterized by low stability of the
foam, as HLF these systems is 28x60's, 16x60's, 15x60's and 60cm respectively.
Introduction to oil system leads to its emulsification and is accompanied by a decrease in the
above parameters for all concentrations of sodium caseinate. This fact is probably due to the
destruction of the foam when added to a system of sunflower oil, which is a consequence of
the reorientation of the protein due to changes in its adsorption on the interface water-air
boundary for adsorption at water-oil [9]. Systems with a concentration of sodium caseinate
about 0.5% in the presence of oil are not capable of churning.
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Fig. 1. Dependence of the FA (a) and HLF (b) of systems «sodium caseinate-oil» on the content
of sodium caseinate concentration:
1(0) - 1,0; 2(0) - 1,5; 3(A) - 2,0

Experimental results show that the foam-emulsion system with high and stable indicators
of foaming ability and stability of foam based on sodium caseinate, which serves as a foaming
agent and emulsifier simultaneously receive impossible. Thus for maintain the set of
indicators is necessary using of low molecular weight surfactants [10].

Formulated a working hypothesis that requires theoretical and experimental discourse
and evidence that the mechanism of formation and stabilization of foam-emulsion systems
based on the dry fatty semi finished product , comprising a fatty phase is emulsification of
fat phase , followed by foaming , crystallization fat phase after recovery contributing to the
stabilization of foams by absorption of fat crystals and their koalistsention the air bubbles
and blocked Plateau- Gibbs channels , thereby preventing the drainage of fluid and form a
plastic consistency.

Was predicted that above named processes are achieved by using a mixture of
macromolecular semi finished (in our case - sodium caseinate) and surfactants with low
molecular weight , on the one hand, provides high indicators FA and HLF, and, on the
other - crystallization of the fat phase of partial desorption of proteins from interfacial
surface water-oil.

To substantiate form and concentration of low molecular weight surfactants to
stabilize foam-emulsion products defined patterns of foaming «sodium caseinate-
surfactants». The choice of surfactants based on securing the flow of processes allows
obtaining stable over time foam-emulsion system. During the pilot study were used ionic,
nonionic, amphoteric surfactants of different value of hydrophilic-lipophilic largest balance
(HLB) (Table 1). Of all the surfactants which was used GRAS status (used without
restrictions) having all except E481 and E473: their maximum permitted level shall not
exceed 5 g/kg of finished product [11]. Given the properties of surfactants with low
molecular weight (Table 1), the scientific interest is the use of E481 and E473 based on the
high value of HLB and the ability to foaming.
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In view of the aforecited was researched FA and HLF of systems «sodium caseinate-
surfactants» (Figure 2-6). It was established that under the same concentrations of
surfactants in systems «sodium caseinate-surfactants» foaming process is different.

Analysis of the data obtained suggests that the dependence of the FA and HLF are worn
not linear character. With increasing concentration surfactants E471 (3g 1/100g) at
concentrations of sodium caseinate in the system of 0.5%, 1.0% and 2.0% of FA increases and
reaches a maximum value for the concentration of sodium caseinate, 0.5% surfactants E471 —
3,5...4,5% constitutes 1050 +1%. The biggest HLF system characterized protein concentration
of 0.5 ... 1.0% and surfactants E471 (3g 1/100g) 2.5...3.5%, which HLF is (720...830)x60"'s.
Extreme character of dependence systems "sodium caseinate-E471" is probably related to the
fact that the protein begins to be associated with micelles surfactants in the aqueous phase and
desorbed from the interfacial surface. This leads to a lack of a surfactant at the interface
water-air to provide strength interfacial adsorption layers needed to stabilize foamy tapes.

By using surfactants E471 (80g 1/100g) as opposed to SAS E471 (3g 1/100g) with
increasing concentrations FA and HLF are reduced. You can ascertain that surfactants E471
(80g I/100g) acts antifoam (Fig. 3) and is unable to stabilize spumy system.
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Fig. 2. Dependence of the FA (a) and HLF (b) systems "sodium caseinate - E471» from the content
E471 (83g 1/100g) sodium caseinate concentration, %:
1(0)-0,5;2(0) - 1,0; 3(A) - 1,5

In systems «sodium caseinate-E481» with increasing concentration of sodium caseinate
foaming capacity increases and reaches maximum values for the content of sodium caseinate
1.5% and 0.5% and the E481 800 + 1%. The maximum concentration of surfactant E481 due
to the requirements of maximum allowable concentrations [8], according to which the content
of the surfactant in the dessert products are limited (Fig. 4).

In systems «sodiumcaseinate-E473y» with increasing concentration of SAS E473 FA and
HLF increased and reach maximum values of FA that is 620 £1% by E473 content of 0.5%
and 1.0% of sodium caseinate. The maximum value of the HLF system is characterized by the
content of sodium caseinate 1.5% and 0.5% of E473 is (340+1)x60's. The maximum
concentration of surfactants E473 requirements stipulated maximum permissible
concentrations [8], according to which the content of the surfactant in dessert products limited

(Fig. 5).
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Fig. 4. Dependence of the FA (a) and HLF (b) of system «sodium caseinate-E481» for the
content of E481 sodium caseinate concentration,%:
0-050-10;A-1,5

Analyzing the data presented in Fig. 1 found that the increase in the content of sodium
caseinate and surfactants E472a improves FA; under certain conditions HLF increases and
reaches maximum values of 750 +£1%, 900 £1% and 900 +1% for the concentration of protein
in the system of 0.5%, 1.0% and 2.0% respectively and surfactants E472¢ 4...5% (Fig. 6).

Systems «sodium caseinate-E322» is not able to churning. Perhaps SAS E322 leads to
extrusion of protein from interphase water-air that E322 serves defoamers.
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Based on the data obtained by foaming ability of «sodium caseinate-surfactants»
surfactants can be arranged in series: E481 > E471 (3g 1/100m) > E472¢ > E473 > E471
(80g 1/100m) > E322, but this does not correlate with the value of HLB and is probably due
to the low molecular weight surfactant packing parameters in the interfacial layers. That
surfactants occupy different space, which in turn is likely to determine the conditions of
compatible adsorption with sodium caseinate.
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Fig. 5 - Dependence of the FA (a) and HLF (b) of system «sodium caseinate-E473»
for the content of E473 sodium caseinate concentration,%:
1(©) - 0,5; 2(0) - 1,0; 3(A) - 1,5
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Fig. 6 - Dependence of the FA (a) and HLF (b) of system «sodium caseinate-E472a» for the
content of E472a sodium caseinate concentration,%:
1(0) - 0,5; 2(0) - 1,0; 3(A) - 1,5
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Determined that the most rational use of SAS E471 (3g 1/100g) at concentrations of
3,0..4,0% and sodium caseinate 0,5...1,0%, which has advantages to other SAS in
magnitude of FA and HLF besides E471 has the status of GRAS.

Based on the fact that a part of semi-finished product is supposed to use sunflower oil,
it is necessary to determine the patterns of FA and SF of systems «sodium caseinate-
surfactants - oil» in order to establish reasonable concentrations of the three-component
system (Fig. 7).

It was established that the dependence of foaming ability of system «sodium caseinate-
E471-0il» (Fig. 7a) is extreme in nature with a maximum at a concentration of sodium
caseinate 0.5% and SAS E471 is 2.5...3.5% oil content is 7.5% (650£1%). Comparing the
findings with the research FA and HLF systems «sodium caseinate-oil» shows that using of
E471 can significantly improve the stability of foams in the presence of oil. The stability of
foams (Fig. 7b) with increasing concentrations of E471 increases, however, with increasing
oil content SF decreases.
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Fig. 7. Dependence FA (a) and SF (b) of systems
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So systems which containing surfactants E471 have most foaming ability — 2.5...3.5%
oil 8...7% sodium caseinate — 0.5%. Using E471 (3g 1/100g) in these concentrations
provides foaming, emulsification and crystallization of fat, which helps stabilize the foam is
probably due to the absorption of fat crystals in air bubbles and blocked Plato-Gibbs
channels, thereby preventing the drainage of fluid.

In order to increase the stability and plasticity of foam-emulsion systems additionally
introduced E322 (Fig. 8). Based on the working hypothesis and previous research FA of
systems «sodium caseinate-E322» surfactants E322 provides desorption of protein from the
interfacial surface. However, please note that the E322 should ensure desorption of protein
with only from interphase water-oil because its concentration should be negligible. In this
case, the use of SAS E322 will provide coalescence of fat phase on the air bubbles,
resulting in increased stability and plasticity of foam and simultaneously high foaming
ability.
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In the systems which were research the content of SAS E471 (3g 1/100g) is constant and

is 3.0%.

Was established that dependence FA from the content E322 systems «sodium caseinate-

E471-E322-0il» wear nonlinear character. Determined that the most foaming ability
(640+1%) have a systems which containing oil 7.5% by content surfactants E322 — 0.2%.
With increasing protein concentration FA is decreases. This behavior can be explained by
competitive adsorption of surfactants and proteins in the system. Despite the fact that FA of
systems using two surfactants (E471 and E322) is lower than using one — E471, this system is
characterized by a 100% resistance during 24x607s.

Conclusions

Given the latest trends of food market Ukraine was proved expediency of developing
dry lipid semi finished product for the production of food products with foam-
emulsion structure and use of a fundamentally new method for producing dry and fat
semi-finished from sunflower oil by spraying of fat mixture in powdered filler.
Experimentally confirmed working hypothesis which is the formation and stabilization
of foam-emulsion systems is achieved by using a mixture of of sodium caseinate and
surfactants with low molecular weight on the one hand, provides high indicators of FA
and SF, and the other — the crystallization of the fat phase partial by desorption of
proteins from interphase water-oil.

Determined that the introduction of sunflower oil in the system reduces foaming
ability and foam stability at all concentrations of sodium caseinate in the system and
leads to the destruction of the foam, which determines the need for the introduction of
surfactants.

Investigated Influence of six surfactants with different HLB on foaming ability and
stability of foams in systems «sodium caseinate-surfactants». Established that the use
of surfactants can improve the foaming ability and stability of foams in system
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"sodium caseinate-surfactants» and placed in in a series of descending of FA: E481 >
E471 (3g 1/100g) > E472¢ > E473 > E471 (80g 1/100g) systems «sodium caseinate-
E322» are unable to foaming.

Experimentally proved that the most rational use of SAS E471 (3g I/100g) at
concentrations of 3,0... 4,0% and the content of sodium caseinate 0,5...1,0%, which
has advantages compared with other surfactants. SAS E471 provides crystallisation of
fat phase, increases foaming ability and stability of foams in the presence of oil.

To ensure 100% foam stability of emulsion systems during 24x60%s proven the
expediency of using a mixture of surfactants — E471 and E322. With the simultaneous
use of E471 and E322 achieving by crystallization of a fatty phase, desorption of
protein from interphase water-oil to form a product with spumy plastic consistency.
Substantiated content of main prescription components in fat dry semi-finished that
must be provided in an aquatic environment after recovery dry and fat semi-finished
products, such as: sodium caseinate — 0.5%, oil 7...8%, SAS E471 — 2,5...3,5%,
surfactants -E322 — 0,15...0,25%.
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Introduction. Conducted research study is devoted to
development of technological modes of desalination of
natural mineral medical-table sodium chloride water for water
treatment technologies in the production of beverages for
athletes.

Materials and methods. Samples of initial water and
water that has been desalinated using the experimental
installation with different modes were investigated.
Measuring of temperature mode of crystallizer was carried
out using temperature sensors and digital thermometer.
Quality indicators of the water samples using Photometer
Palintest 7500 and standard techniques were determined.

Results and discussion. The influence of different factors
of the process of freezing on the quality of desalinated natural
mineral medical-table sodium chloride water "Kuyalnik" was
investigated. The patterns of distribution of components of
initial water between the frozen solid phase, and a
concentrated solution in the process of freezing are identified.
For the majority of the investigated factors order of traffic
was such: Ca®* > HCO; > (Na" > CI') > (Mg”* > SO, > K"),
and with a decrease in water salinity so: Ca>* > SO*, > (Na’ >
Cl') > (HCO; > Mg™ > K").

Summary of the study results allowed to recommend the
following technological parameters of the carrying out the
process of desalination of natural mineral sodium chloride
water by freeze: operating temperature mode of crystallizer,
which is changing in the process from -2 to -4 ° C, the
concentration of carbon dioxide in the water at the beginning
of the process of freezing - 3,7 g/dm’, duration of the
desalination process (process without cooling) - 60 minutes,
one step of freezing, melting of solid phase under ambient
conditions without prior separation of the frozen solid phase.
With such technological modes of the carrying out the process
of freezing it is possible to obtain water with mineral
composition, mainly with existing relevant recommendations
to the mineral composition of beverages for athletes.

Conclusion. As a result of scientific research an
improved method for organizing the process of desalination
by freeze was suggested.
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Introduction

While an overall reduction in the rate of growth in demand for traditional soft drinks
the today demand for beverages for special purposes with certain functional properties is
growing. Significant market volume of such beverages makes drinks for athletes. Its share
of the total consumption of soft drinks in the world is 2 % and of the consumption of
functional drinks — 37 %. A forecast of the global sales for such beverages provides an
increase of 39,08 % from 2011 up to 2016 [1,2]. For Ukraine, the beverage market for
athletes is new and at the same time is promising. The main reasons for the growth of the
interest to sports drinks is associated with the following: firstly, they are necessary for the
diet of professional athletes. After all, the purpose of these drinks is effective replenishment
of fluids lost in body, providing of the body with "quick energy" in the form of
carbohydrates, as well as micro-, macro- and other substances that are necessary for the
effective activities, for example, during physical activity, and after it, as well as for build
muscle [3]. In addition, such drinks are correctional food for adherents of a healthy
lifestyle. Indeed, in Ukraine, followed by Europe, the number of people who are actively
involved in fitness, physical therapy, and lead a healthy lifestyle is constantly growing.
Ukraine also participates and organizes the holding of various sports competitions at
international level, and therefore the presence of domestic products of drinks for athletes
will have a positive impact on the image and economics of the country.

For today, there is no consensus regarding the most effective formula of sports drinks.
But it is known that such drink have to taste good, and its consumption has to make a
contribution for increasing of organism’s efficiency. It should be noted that the known
formulas of sports drinks are simple. The basis of sports drinks is a carbohydrate-saline
solution, and their characteristic is increased compared with conventional soft drinks, the
content of salts of sodium, potassium, and other components. For changing of the
physiological properties of sports drinks in its chemical composition it is necessary
primarily to adjust carbohydrate concentration and the type of content of the electrolyte,
solution osmolality and content of flavoring substances. Most beverages for athletes
regarding their chemical composition are approximately the same. Osmolality of isotonic
beverages usually is 280-340 mosmol/kg, the content of carbohydrates is 6-8% (glucose,
fructose, sucrose and maltodextrin), while the concentration of sodium and potassium
amounts to 20-30, and 5 mmol /1, respectively [4, 6].

The basis of a sports beverage like any other soft drink is water, which is 85-95 % of
the total mass. Technological scheme of water treatment is determined by initial chemical
composition of water, which in turn depends on the source of water supply, natural and
climatic conditions. For the beverage production the water from artesian wells is mainly
used. Such water is hardly polluted with substances of human origin and longtime preserve
physicochemical properties unchanged. However, the content of sodium and potassium in
such water in not enough for making beverages for athletes based on it. In this regard, salts
are added to water artificially [5, 6]. Precisely from this point of view the use of natural
mineral waters is promising for production of beverage for athletes. It is also important that
the minerals contained in mineral water, are better absorbed by the human body, in
comparison with those that are made to drinks in the form of salts. In addition, certain
health-giving properties of the mineral water allow reinforcing positive physiological
effects on consumer beverage [6, 7].

In Ukraine, the most known natural mineral waters are found. For the beverage
industry for athletes can be used sodium chloride mineral water that relate to table and
medical-table kind of water with mineralization up to 5 mg/dm’. Such water is close in
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composition to quality mineral composition of drinks for athletes. But as the concentration
of certain minerals is above recommended one, it is necessary to reduce it. To solve this
problem, the authors offer to use a method of desalination by freeze.

Analysis of the advantages and disadvantages of modern methods of water desalination
showed that freeze desalination method is characterized by low energy costs for process,
lack of scaling and lack of the need to use chemicals for regeneration of work surfaces.
Moreover the unique properties of chilled water are known, through which it is better
assimilated by the body and bring a healthy and rejuvenating effect on the human. At the
same time, the practical use of the freezing desalination method of natural mineral water is
hampered by lack of recommendations on effective technological modes of this process. In
this regard, the following purpose was stated: to develop the technological modes of
desalination by freeze of natural mineral medical-table sodium chloride water for water
treatment technologies in the production of beverages for athletes. To achieve this goal
following tasks were solved:

— An effective way to organize the process of desalination water by freeze was
proposed;

— The influence of different factors of the process of freezing on the quality of
desalinated of natural mineral medical-table sodium chloride water was studied;

- Certain patterns of distribution of components of initial water between the frozen
solid phase and a concentrated solution in the process of freezing were determined;

- The results of experimental studies were summarized and rational technological
modes of desalination process of natural mineral medical-table sodium chloride water were
identified.

Materials and methods

To increase the effectiveness of water desalination by freeze it was suggested to
conduct it at variable during the process temperature of coolant in the crystallizer. At the
same time in the beginning of the process the coolant temperature was maintained at the
level required for supercooling of water and formation of germ of ice crystal on the external
surface of the crystallizer. Further coolant temperature was varied in accordance with the
liquidus line of natural mineral water, with little difference in temperature (0,6 ... 1,5 ° C)
between the temperature of coolant and cryoscopic water temperature. In addition, it was
suggested to saturate the mineral water before freeze with carbon dioxide to produce gas
hydrates. It is known that water molecules through hydrogen bonds form a crystal lattice,
and the gas molecules are placed in the inner cavities of the lattice, wherein held by Van der
Waals forces [8]. This prevents the inclusion of other molecules and ions dissolved in the
water substances in the ice structure [9]. Therefore, it was assumed that the saturation of
mineral water with carbon dioxide before the freeze would enhance the increase of degree
of desalination.

For experimental studies the natural mineral sodium chloride water "Kuyalnik" with
total mineralization 3... 4 g/dm’ was used. When performing the experimental study the
influence of temperature mode of the crystallizer, carbon dioxide concentration in the initial
water (Ceup.q.), Water pH, initial common mineralization and temperature of water, duration
of separation of solid frozen phase on quality of desalinated water were investigated. In the
initial and desalinated water the content of ions of sodium, potassium, calcium, magnesium,
chlorides, sulphates and bicarbonates, dissolved carbon dioxide, the pH and other water
quality were determined. For this purpose, standard techniques were used.

The total impact of these factors of the process of freezing on the distribution of ions
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between the frozen out solid phase and concentrated solution was evaluated by the
magnitude of the coefficient of involving ions in the solid phase (K;, %):

K, =(,,/C,)100, (1)

iw.

where C, —ion concentration in the melt of the solid phase, mg/dm’;
C

., — lon concentration in the initial water, mg/dm’.

Investigation of the process of water desalination was carried out on experimental
installation made in the Odessa National Academy of Food Technologies. Installation is
equipped with modern control and measurement instrumentation. In the installation a
freezing out of water was carried on the outer smooth surface of a seven vertical tubular
crystallizers with an outer diameter of 12 mm and height 337 mm [10]. To study the
influence of temperature modes on quality of desalinated water the following temperature
modes of crystallizer (TX) were used: I - variable in the process, £, = -2 ... -4 ° C, II -
variable in the process, £, = -3 ... - 5 ° C; III - a constant in the process, ¢, = -5 ° C. For these
temperature modes provided freezing of solid phase up to a thickness of 9 mm in all
experiments the duration of the freezing process (excluding the duration of the water
cooling process to onset temperature of its crystallization) was 60 min for the mode I, 45
min for mode II and 36 minutes for mode III. In modes I and II the creation of conditions
for the water crystallization at the cooling surface was achieved by reducing the
temperature of intermediate coolant in the beginning of the process of minus 5 °C. Since
the first crystals on the surface of crystallizer the temperature of the coolant increased, and
then changed automatically in the above ranges. In all experiments, the initial mass of
desalinated of water was 2,32 kg.

Measuring of temperature mode of crystallizer was carried out using temperature
sensors TCM — 002 and digital thermometer DS18B20, measurement of volume of water
was carried out using measuring cylinders (PJSC "Steklopribor"), thickness and height of
frozen out solid phase - with calipers L-150.

To investigate the influence of carbon dioxide concentration on the quality of
desalinated water the packaged mineral water was degassed. Degassing of water was
conducted by heating up to # = 90 ° C (for obtaining water samples Ceap.q = 0,27 g/dm?),
and by heating it to the boiling point and holding at that temperature for 9...10 min (for
obtaining the water samples Cy, g/dm’ = 0).

In experimental studies were also used the water samples, which were not subjected to
degassing. In water samples before degassation the carbon dioxide concentration was equal
to 3,7 g/dm’.

For processing and analysis of obtained experimental data modern mathematical
packages, in particular the "Excel", were used.

Results and discussion

Analysis of the experimental data obtained during the investigation of the influence of
temperature modes on the quality of desalinated water, showed that the best degree of
desalination is achieved at a temperature mode of crystallizer I, regarding both ions and
other physico-chemical parameters of water quality. For example, at a temperature range I
the sodium cations are involved in the solid phase by 10...12 % smaller than when
temperature conditions II and III (Fig. 1). At the variable temperature mode ¢, = -2...-4 °C
(mode I) the best degree of desalination also of other ions is achieved. Therefore, in the
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course of further studies of the influence of other factors of the process of desalination on
its quality temperature regime I was used. It should be noted that at this stage of study
water samples, which were completely degassed were used.

120

100

80

60 —

40 -

Coefficient of engagement
of ions into solid phase, %
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Fig.1. Influence of temperature mode of the process of freezing on the cationic composition
of desalinated water

In course of experimental study of the influence of the carbon dioxide content in the
mineral water before desalination on the quality indicators after freezing out the water
samples with an initial value of dryness equal to 3280 mg/dm® and carbon dioxide contents
equal to 0; 0,27 and 3,7 g/dm’ were used. At the specified concentrations of carbon dioxide
water pH was 8,32; 5,9 and 4,88 respectively.

Analysis of the obtained experimental data has shown that water, pre-saturated with
carbon dioxide at a concentration of 3,7 g/dm’ is better desalted. Under these conditions of
carrying process in the solid phase less than 20 % of potassium ions, less than 12 % -
sodium ions, less than 15 % - calcium ions, less than 6 % - magnesium ions are involved
when compared with a process when desalted water is pre-saturated with carbon dioxide
not (Fig. 2). Increasing efficiency of the process of water desalination in this case is
explained by obtaining hydrates of carbon dioxide and ousting more impurities from the
water from crystallization front.
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Fig. 2. Influence of the initial amount of carbon dioxide on the cationic composition of
desalinated water

Adding of carbon dioxide to the initial water has reduced its pH, and there is very few
published data on the patterns of influence of this factor on the quality of desalinated water
by freeze. Therefore further studies have been conducted about the influences of content in
water of ascorbic acid as a substance adding of which lowers the pH. It was added to the
initial degassed water to a pH value that is equal to 4,88 (similar pH at Ceupq = 3,7
mg/dm®). Results of investigation were compared with the results obtained in the
desalination of water samples with the same pH, but obtained by saturating water with
carbon dioxide. It is found that the addition of ascorbic acid in water before freeze affects
specifically on variation of its quality in the desalination process: at a solid phase at 39,3%
involvement of magnesium ions is increased and involvement of potassium ions and
calcium sulfate by 11,1; 40 and 15,1 % respectively is decreased. At the same time the
effectiveness of freezing process (for total mineralization) is deteriorated by 15 %. Thus, it
was found that the decreasing of pH of the water before desalination, in particular by the
addition of ascorbic acid in it, is impractical.

Natural mineral water at the outlet from borehole has a temperature 8...12 °© C, but
depending on the ambient temperature can be heated up to 20 ° C or higher. Therefore the
influence of water temperature before freezing (in the range 8...20 °C) on its quality after
desalination was investigated. In studies the samples of water with Ceaq. = 3,7 g/dm’ were
used. Analysis of the study’s results has shown that the lowering of the initial temperature
of the initial water improves the quality of desalinated water. With that, this improvement at
all indicators of water quality did not exceed 5%, so further cooling of the water before
freezing is not necessary.

Also the influence of initial common salinity of water on changing the quality of the
desalination process is studied. For studies water with a salinity of 3,22 g/dm® and 2,37
g/dm’® was used. As the samples with a lower concentration of salts desalinated water after
the first stage of freezing was used.
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It has been stated that reducing of the mineralization of the initial water affect on the
distribution character of ions between liquid and solid phases during desalination. At the
same time the involvement of the solid phase of chloride for 4,4%, potassium — 14,4%
Sodium - 4,9%, sulfates - for 22,1% increases and reduced the involvement of calcium ions
at 6,9%, magnesium - 22,3%, hydrocarbons - 16,1%.

It should also be noted that although a two-stage freezing allows to reach a greater
degree of initial desalination of mineral water, but the efficiency of the process of
separation on the desalinated water and the concentrate of impurities in the second stage of
desalination is lower than in the first one. In addition, deeper desalination of natural mineral
water "Kuyalnik" in case it is used for the production of beverages for athletes is
impractical. It is explained by the fact that after one-step freezing of initial water, which is
pre-saturated with carbon dioxide at a concentration of 3,7 g/dm’, and when a temperature
mode I the quality of desalinated water needed for sports drinks production is reached.

Based on calculations according to the experimental data of coefficients K,, the nature
of the influence of factors of the freezing process to the order of motion of ions in the solid
phase is defined:

- change of temperature mode of crystallizer, carbon dioxide concentration in original
water, pH and initial temperature of water does not influence the order of motion of ions in
the solid phase. In all experimental studies performed it was as follows: Ca’" > HCO; >
(Na" >CI') > (Mg*" > SO > K. It was found that the ions listed in brackets may be
interchanged with one another due to insignificant difference in their percentage;

- change of initial salinity of water affects the order of ions motion in the solid phase.
For example, when reducing the initial mineralization of natural sodium-chloride water
from 3,22 to 2.37 g/dm’ the motion order of ions in the solid phase chznge from said above
to the next: Ca*" > SO,> > (Na" > CI) > (HCO; > Mg*" > K").

To confirm the stated order of ions motion, there were conducted a study of influence
of separation duration of the solid phase (spontancous runoff of concentrated solution from
the surface of frozen phase under action of gravity in the environment conditions) on the
quality of desalinated water. It was found that separation of the solid phase for 60 min
allow to reduce the content of ions of dissolved salts in desalinated water on 28...62,4 %,
and separation of the solid phase for 100 min - on 36...69,7 % in contrast to desalinated
water, which was obtained without separation of the solid phase. However, during
separation water purification from magnesium ions and sulfates was most efficient. And
most chelated ion, which was the least extracted from the solid phase during separation,
was calcium.

In the course of experimental study performance there were also received dependences
reflecting the influence of temperature of crystallizer, concentration of carbon dioxide in
initial water, pH, temperature and salinity of initial water to such kinetic characteristics of
desalination by freeze as changing with time of height and thickness of the solid phase, as
well as water temperature. Peculiarity of changes the kinetic characteristics is that adding
carbon dioxide to the initial water significantly affected the height of the frozen solid phase.
At the same time increasing of the height of solids was equal to 6 mm, compared with the
solid phase obtained from the sample of degassed water.

Summary of the study results allowed to recommend the following technological
parameters of the carrying out the process of desalination of natural mineral sodium
chloride water by freeze: operating temperature mode of crystallizer, which is changing in
the process from -2 to -4 ° C, the concentration of carbon dioxide in the water at the
beginning of the process of freezing - 3,7 g/dm’, duration of the desalination process
(process without cooling) - 60 minutes, one step of freezing, melting of solid phase under
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composition of beverages for athletes (Table 1).

Table 1
The electrolyte content in sports drinks and in desalinated water, prepared on the claimed
process
Ions | Recommended mineral composition of drinks Mineral composition of
for athletes, mg/dm’ desalinated water on
(Pat. RU 2375930 Composition non-carbonated claimed method
sports drinks, non-carbonated sports drink and
method for producing, 2009)
Na" 230...1725 750...850
K" 117...780 11...13
Mg”* 12...364,5 15...45
Ca™ 20...600 20...85

Lacking in water content of, e.g., potassium ions, will be compensated by the adding of

carbohydrate compositions in water prepared in concentrated form.

Conclusion

. As a result of performance of experimental studies the regularities of influence of such
factors of freeze desalination process as operating temperature of crystallizer, pH,
temperature and salinity of the initial natural sodium chloride water on quality
indicators of prepared water, the order of the ion motion in solid phase, as well as
changes in the characteristics of the solid and liquid phase were revealed.

. The results of experimental studies are summarized and recommendations on the
method and technological modes of desalination process by freeze of natural mineral
medical-table sodium chloride water for technologies in the production of beverages for
athletes are made.
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Introduction. Existing ways of extraction of wool
grease have the high cost price and are not harmless. For
increase of efficiency of extraction of wool grease in work
application high-discrete processing (HDP) wool-washing
water is offered.

Materials and methods. Determination of conductivity,
RedOx-potential, temperature, pH and the total number of
lipid-water ions was carried out using a combined tester
Combo HI 98129 («<HANNA Instruments»). Concentration
of free radicals was determined by titration method.
Viscosity change of wash water under the influence of HDP
was investigated by the method of measurement by an
Ostwald. Influence of duration of the HDP to change the
surface tension of the wash water was measured by
counting drops.

Results and discussion. As a result of HDP, there is a
change of physical and chemical properties of the wash
water, namely: reduction of conductivity wool-washing
water (from 2969 pS/cm to 2837 uS/cm) and the total ion
content (1487 mg/l to 1298 mg/l), increased pH
environment (8.35 to 9.40), temperature (from 18°C to
43°C) and RedOx-capacity (from 60 mV to 93 mV). This is
because HDP helps create areas of high concentration of
mechanical energy, which leads to a high impact strength
and high pressure. Temperature rise in turn affects the
hydrogen bonds, with the collapse cluster complexes of
water and hydration shells around ions with the formation
of free radicals, which means, that the presence of chemical
reactions in the water. Reduced viscosity (with 1,034-10°
*Ns/m” to 0,903-10°Ns/m?) and surface tension (from 39.86
c¢N/m to 37.56 ¢cN/m) of wash water under the influence of
the HDP is due to breaking of hydrogen bonds of water
associates and the weakening of the forces of attraction
between the molecules within the clusters and in the surface
layer — structural changes of water. The most important
chemical and structural changes occur in the washings at
180 with the processing time.

Conclusions. Under the influence of the HDP occur
chemical and structural changes that contribute to the
intensification of the process of extraction of wool grease.
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Introduction

Fat contained in sheep’s wool, due to specific properties, is an indispensable raw
material for various industries such as food, medical, cosmetic, mechanical engineering, as
well as in production of military-technical and military-space specialty [1, 2].

The composition of wool grease (lanolin) is very complex and till now has not been
studied thoroughly. Mostly it is a mixture of esters of high alcohols (cholesterol
isocholesterol etc.) with higher fatty acids (myristic, palmitic, cerotic et al.) and free high
molecular alcohols [3].

The most valuable feature is its ability lanolin emulsified to 180-200% of its own
weight of water up to 140% glycerol and 40% ethanol (70% concentration) to form an
emulsion of «oil-water». Addition of a small amount of lanolin to fats and hydrocarbons
sharply increase their miscibility with water and aqueous solutions, which resulted in its
widespread use in the composition of the hydrophilic-lipophilic bases [4].

In the food industry the use of lanolin is allowed in all countries because of the lack of
evidence on the safety of the substance. International designation of the food additive is E
913 [5-7].

In food production lanolin is used as glazes agent and flame damper [8]. Glaze with
the addition of lanolin shine and pleasant appearance of products, and also plays a role in
the formation of taste. Flame dampers prevent foaming and make uniform consistency of
the product. Additive E 913 can be found in the composition of the glaze on the following
foods: pastry flour products, candy, chocolate, jelly beans, nuts and chewing gum. Extend
the application of lanolin as a component of the coating mixes for fruit. Such mixtures give
the fruit trade appearance, allow longer keep them attractive to the consumer. Most often
these procedures are subject to oranges, lemons, limes, apples, pineapples, peaches, pears,
melons, plums [9].

Due to the vast scope of lanolin in wool fat demand is constantly increasing. However,
now in Ukraine wool grease virtually all of which could produce a valuable product —
lanolin, lost along with the washings. In addition, untreated wash water harms the
environment and creates environmental problems. Therefore, the maximum recovery of
wool grease from washing solutions is an important issue.

Literary review

To date, for the extraction of wool grease from waste solutions used physical and
mechanical or chemical methods [10].

Among the physical and mechanical methods for recovering wool grease the most
widely separator (processing of cleaning solutions in a centrifugal field) and flotation-
separator (flotation cleaning solutions) methods [11]. The average number of trapped fat by
using physical and mechanical methods of fat extraction is 60-65%. However, these
methods have several disadvantages: sophisticated equipment, high consumption of water,
detergent and energy, lower the quality of the fat-lanolin in this way, because of its
pollution and exposure to use in the cleaning chemicals.

Chemical methods include a washing treatment solution with different chemical
reagents: acid chloride of lime, calcium chloride, bentonite (colloidal clays), organic
solvents [12]. Completeness of extraction of fat using these methods, up to 90%, but the fat
clogged by impurities, detergents, has high acidity. In addition, these methods are required
equipment, resistant to chemicals [4].
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As a result of these factors, the existing methods of extracting wool grease have a high
cost and are environmentally unfriendly.

According to [13], the washings resulting from the washing of wool comprise
suspended solids, such as sand, clay, wool fibers, dissolved mineral salts, mainly sodium
chloride, potassium and magnesium. Organic components wash water — an alkaline agent
(soap, soda, surfactants), fatty acid salts, wool grease (Table 1). It should be noted that the
composition of the wash water varies depending on the type of processed wool and its
mode of washing.

Table 1
The indicators of quality of wash water

Indicator Fine wool Semifine Coarse

wool wool
Concentration of suspended solids, g/1 15-25 15-17 40-70
Wool grease concentration, g/l 12-20 10-15 1-3
Solids, g/ 35-50 45 15-75
Ash content of dry residue, % 35 40 40
Transparency, cm 0 0 0
pH 10-11 9-10 8-10

Given the relatively high alkalinity and the presence of surfactants, wool grease is
water stable emulsion state, so the conventional methods of extraction are inefficient and
require intensification. According to the authors, the most promising in this respect are the
physical methods of influence.

So, today is known to use a physical method of intensification of obtaining wool
grease, which is purified by electro-dialysis suspended solids wool-washing of water by
electro-coagulation, which enables up to 89% of wool grease, deodorize and return the
purified water in the wash cycle of wool [14].

As an alternative method of extraction of the wool fat from wool-washing water
foreign scientists proposed method which based on the action of the microwaves
(8 min, 750 W, 2450 MHz), in combination with a co-solvent acetone-hexane (1: 1) [15].

Innovative direction in the extraction technology is the use of wool grease HDP. The
essence of this method consists in the fact that the implementation in the bulk liquid in an
open or closed vessel, specially shaped impulse electric discharge zone around its formation
having extremely high hydraulic pressures which can perform useful mechanical work, and
supported by a complex physical and chemical phenomena [16, 17].

In order to intensify the process of extraction of wool grease in the work carried out
determination of physical and chemical properties of wool-washing water under the
influence of the HDP.

Materials and methods

The study was the water after washing semifine Tsigal wool. Table 2 shows the
characteristic parameters wash water, which further exposed to HDP.

Electrical discharge treatment was carried out in a laboratory setup (Fig. 1), which was
developed by the Institute of Pulse Processes and Technologies NAS of Ukraine
(Nikolayev), together with scientists from Kherson National Technical University.
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Table 2
Quality indicators used wash water

Indicator Value
Suspended solids, g/1 16.6
The particle size of contaminants, microns 100
Wool fat content, g/l 7-8
Surfactant content, mg/I 0.7
Total hardness, mEq/1 11.6
Transparency, cm 2
Turbidity, mg/l 132
pH 7.65
3

1 — boosting transformer;

Iskv| _ _

2 — diode bridge;
Pl 7 3 — condenser;
I~ — o~ 220v 4 — electrodes;

5 — the reactor vessel,
6 — zone of occurrence of the discharge;
7 —liquid.

Fig. 1. Schematic diagram of the laboratory setup

Equipment performances are presented in Table. 3.

Table 3
Equipment features

Name of the parameter Value
Mains current AC, single phase
Frequency, Hz 50+0.1
Supply voltage, V 220+22
Efficiency, at least 0.7
Operating voltage, kV 15

Pulse repetition frequency, Hz 1.5
Capacity of the capacitor bank, uF 0.5
Power consumption, W 400
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Wool-washing water with varying exposure time from 30 s to 300 s exposed the
electrical discharge.

Electrical conductivity, RedOx-potential, temperature, pH and the total number of ions
is determined by the combined tester Combo HI 98129 (<cHANNA Instruments»). Accuracy
of data values in the measured intervals are £ 0.5%.

Free radical concentration was determined by consumption of oxalic acid, which
reacts only with radicals by permanganometric titration [18].

Viscosity change of wash water under the influence of HDP was investigated by the
method of measurement by an Ostwald runtime fluid outflow via a glass capillary
viscometer [19], and the surface tension (ST) — stalagmometric method [20] by counting
drops.

Results and discussion

To determine the effect of HDP on the physical and chemical properties of wool-
washing water in the measured indicators such as specific conductivity (o), RedOx-
potential, temperature (T), pH and the total number of ions (XI) are done. The results are
shown in Table 4.

Table 4
Research of influence HDP on indicators of washing waters

1,8 o, uS /cm RedOx-potential, m} T, °C pH X1, mg/l

0 2969 60 18 8.35 1487
30 2917 64 25 8.80 1414
60 2875 67 28 8.88 1348
90 2867 68 31 9.07 1340
120 2861 71 35 9.13 1333
150 2861 85 43 9.32 1324
180 2849 86 43 9.37 1310
240 2841 89 43 9.36 1304
300 2837 93 43 9.40 1298

Analysis of the results showed that with increasing duration of HDP decrease the
conductivity of wool-washing of water and the ions, increasing the pH of the medium,
temperature and RedOx-building. This is because HDP helps create areas of high
concentration of mechanical energy, which leads to a high impact strength and high
pressure. Temperature rise in turn affects the hydrogen bonds, with the collapse cluster
complexes of water and hydration shells around ions with the formation of free radicals,
which means that the presence of chemical reactions in the water.

But the information on chemical reactions in the washings after washing of wool fiber
is absent. Therefore, it was determined by the quantity of waste in the washings of free
radicals in the HDP. The results are shown in Fig. 2.
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Fig. 2. The dependence of the concentration of free radicals on the duration of the HDP

According to data presented in Fig. 2, the concentration of free radicals increases with
the duration of the HDP. Moreover, within the first 30 s of processing, a sharp increase in
free radical concentration to 1.63 mmol/l. With further increasing treatment time up to 180
s free radical concentration increases uniformly (2.02 mmol/l), and more 180 s — does not
lead to a significant increase in their concentration (2.75 mmol/l).

According to [16, 17, 21] cavitations lead not only to chemical, but also for structural
changes in the water. In the works Vitenko T.N. [17, 22] shows that the restructuring of
water is characterized by a change in viscosity and surface tension. Therefore, in the study,
we investigated the effect of the duration of HDP on the viscosity and ST wash water. The
data obtained are presented in Fig. 3 and 4.
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Fig. 3. The effect of the duration of HDP on the viscosity of the wash water

Analysis of the results presented in Fig. 3 shows that an increase in the HDP, there is a
decrease in viscosity wash water. Thus, during processing, the water for
60 s there is a considerable decrease of the viscosity from 1.2:10° Ns/m’ to
0.86-10 Ns/m* and with duration of greater than 180 s comes to equilibrium water system
under study. This, in our opinion, can be explained by the fact that under the influence of
cavitations is the process of restructuring the water.
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Fig. 4. Effect of the HDP, on ST wash water

Determination results of ST showed that its maximum decline from 39.75 ¢cN/m to
37.70 cN/m is observed when the duration of treatment with 180 s. With further increase of
the HDP, ST does not change significantly. This can be explained by the fact that as a result
of high discrete exposure hydrogen bonds break water associates forces of attraction
between molecules within the clusters and the surface layer are weakened, which leads to
reduction in ST.

Comprehensive analysis of the results of the determination of physical and chemical
properties wash water indicates that the action of HDP occur chemical and structural
transformations that change the properties of all the components of the lipid-system.

The most important chemical and structural changes occur in the washings at 180 s
with treatment duration.

Conclusions

1. To improve the efficiency of extraction of wool grease are proposed use of HDP wool-
washing water.

2. Influenced HDP in fat-containing wool-washing waters going changes in the physical
and chemical properties, namely: lowering conductivity and the total content of ions,
increase RedOx-potential, temperature, pH and concentration of free radicals.

3. Reduced viscosity and surface tension of the wash water by the action of HDP leads to
structural transformations lipid-system.

4. The most significant changes in the washings occur after 180 s HDP.

5. Chemical and structural transformations wool-washing water, which occur under the
influence of HDP promote intensification of the process of extraction of wool grease.

Further studies will be aimed at studying the effect of HDP on the extraction efficiency
of wool grease extraction and wash water separator means.
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Introduction. The aim of the study is to establish the
dependence of the bitterness of mash and the beer
intoxication on the quality and quantity of the homologues
of alpha acids in the Ukrainian varieties of hops, and on the
content of cohumulone in alpha acids in particular.

Materials and methods. Aromatic and bitter hop sorts
of Ukrainian selection with different content of cohumulone
in alpha-acids were investigated and so was the beer, made
of these components. High performance liquid
chromatography (HPLC) was used to determine the amount
and composition of bitter hop substances and their
transformation products in the brewing process; also there
were spectrophotometric methods for quality control of
bitterness of hopped mash and finished beer in use.

Results and discussion. The composition of bitter
substances of aromatic and bitter hop sorts of Ukrainian
selection was analyzed and so the beer, made of them. It
was noted that the alpha-acids of the analyzed sorts
incorporate a wide range of cohumulone content rated from
16.7% in the Kumyr sort to 44,1% in the Ruslan sort. The
dependences between the quality and quantity of the bitter
hop sorts and bitterness and quality of hopped mash and
beer were established. The content of cohumulone in alpha-
acids of hops has to be less than 28% to obtain quality bitter
beer. The role of the beta-acid compounds in the formation
of bitter mash, hopped with aroma hop varieties with a ratio
of beta to alpha acids acids around one, is much more
important compared to the bitter varieties.

Conclusions. The conducted researches show that in
applying the bitter hops with different compositon of alpha-
acids for mash intoxication, this usage is more effective in
the sorts that have a large content of cohumulone.
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Introduction

Diverse in nature and chemical structure of substances that make up the hops give beer
a typical bitter taste, specific aroma and determine many other important biotechnological
properties. The compounds of hops are effective agents for the deposition of high-nitrogen
compounds of mash take part in lighting , foaming, and exhibiting bactericidal and
preserving effect on the final product, increasing the stability of beer in his storing.

In the previous studies of domestic and foreign scientists [1-4], it was found that beer
brewed with hops or hop varieties of certain drugs varies considerably according to the
nature of bitterness, flavor and aroma. This is due to the feature of the biochemical
composition of bitter substances, polyphenolic compounds and essential oils of aromatic
and bitter hop sorts. The different ratios of the components of these compounds influence
the taste and aroma of beer in their own way. Therefore, the selection of sorts with optimal
composition of bitter substances in order to brew beer with excellent quality and bitterness
are the important issues as for the Brewers Association of America, so for European and
Ukrainian brewers.

The major part in the formation of bitter beer [1,2,5] for hopping mash belongs to the
alpha acids, which consist of humulone, cohumulone, adhumulone, prehumulone and
posthumulone. Moreover, depending on the length of the side chains of acyl residue at the
second carbon atom of the hexadiene ring changes the solubility of homologues of alpha
acids; meanwhile, this rule takes place: the longer the side chain is, the lower is the
solubility. That’s why cohumulone’s solubility is much higher, than humulone’s or
adhumulone’s [1].

The isomers of original bitter hop substances, which are contained in its cones in small
quantities and formed during boiling mash with hops, affect the specific qualities of beer
the most. During boiling, alpha-acids transform into iso-alpha-acids and, as a result, the
hexadiene ring of alpha-acids becomes a pentadiene ring of iso-alpha-acids [1]. The iso-
alpha-acids are more soluble in mash and more bitter than alpha-acids [1, 2] and form 90 —
95% of the general bitterness of beer.

It is a known fact [1, 4], that isohumulone, isocohumulone and isoadhumulone have
almost the same degree of bitterness. However, during boiling mash with hops
isomerization of homologues of alpha — acids proceeds with the formation of various
isocompounds. The proportion of homologues of alpha acids is very important here. Czech
hops (sort Zhatetskyy) is characterized by high content of humulone , adhumulone (80%),
while in German and American resinous sorts such as Hercules, Tomahawk cohumulone is
predominant (50%). Cohumulone transfers into an isomer much better than the other alpha-
acids’ components, that’s why the hop sorts with a high amount of cohumulone are more
bitter. But this fraction is credited with a negative role in the formation of bitter beer [6].
However, although, humulone dominates in the Czech sorts composed of alpha acids, the
bitterness if Czech beer is represented mainly by isohumulone. During the processing of
hop varieties with superior content of cohumulone beer contains mostly iso-cohumulone ,
and the quality of bitterness, according to M. Kusche etc. is much worse [7, 8]. It is
possible that the quality difference of the original alpha acids is at the same time the cause
of a known difference in the quality of the bitterness of beer, which can be very essential.
That is why the selection of varieties with optimal composition of bitter substances to
obtain a beer of excellent qualified bitterness is a live issue to the Brewers Association of
America [6] European brewers [7] and Ukrainian beer brewers [1].

As can be seen from the analysis of the literature, the composition of bitter hop
substances of foreign sorts and their homologues’ impact on the quality of bitter beer are
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well studied. In contrast, similar studies with native hop varieties were barely held. In this
regard, to ensure a stable and high-quality beer bitterness it is important to investigate the
effect of individual components of the alpha acids of domestic varieties of hops and hop
preparations on quality indicators of mash and beer.

The aim of the study was to establish the dependence of the bitter mash and the
quality of beer intoxication on the quantity and the quality of the homologues of alpha acids
of domestic hop sorts including the content of cohumulone composed of alpha acids.

Materials and methods

The researches were held in a certified laboratory of the department of Biochemistry
of hop and beer Institute of Agriculture in Polessye of NAAS of Ukraine. The cones of
aromatic and bitter hop sorts of Ukrainian selection of different content of cohumulone
composed of alpha acids and beer made of them were investigated.

In the studies there were the modern international physical and chemical methods of
analysis of bitter substances of hops and hop preparations and products of their
transformation during brewing in use, such as: HPLC, spectrophotometry and also quality
control methods of hopped mash of finished beer which are harmonized with the methods
of the European Brewing Convention [1,9,10].

Methods of research of quality hop indicators. Sampling hops of each sort was
carried out in the phase of full technical maturity. The average weight of a sample for
identification and biochemical studies was at least 0.5 kg of dry hops.

The bitter hop substances are: a- and B — acids and their components, cohumulone in
particular was extracted from the hop cones by an organic solvent — methanol. The ratio
between the weight of hop cones and extractant was 1:10. The number of a-and B-acids and
content of cohumulone in composition of a-acids were determined by high performance
liquid chromatography. Chromatography was carried out using a liquid chromatograph
Ultimate 3000 with UV detector at 35 degrees Celcium. The column with a size of 100 x
2.1 mm, which was filled with sorbent Pinacle DV C18 on 3 microns was used. The
solution of methanol, water and acetonitrile was used as a mobile phase in the ratio of
38:24:38. The international standard ISF-3 was used for the quantitative determination of
the components of bitter substances.

Methods of research of quality indicators of mash and beer. Experimental beer
brewing with hop samples were conducted in the laboratory and in the Brewery Institute,
with capacity of 100 liters of beer per cycle, which quite adequately simulates the real
conditions of the brewing industry. The experimental preparation and congestion filtration
were performed using an acceptable technology. Mash was prepared from 100% barley
malt. After a full set mash was boiled for 30 min. Afterwards different hop sorts were put
into mash in each option of the experiment; this process was represented in two
installments: 85% at the beginning of intoxication, 15% - for 15 minutes. before the end of
intoxication. The total duration of boiling mash with hops was 90 min. The bitterness of
mash, which is formed in the process of boiling with hops as a result of extraction and
isomerization of bitter hop substances, was determined on a spectrophotometer according
to the method of EMU 8.8. (international method MI). The method is based on measuring
the optical density of isooctane extract obtained by extraction of bitter hop substances of
acidified hopped beer mash with isooctane (2,2,4-trimethylpentane) on a spectrophotometer
at the wavelength of 275 nm against isooctane.The bitterness was calculated in terms of
optical density; the quantity of bitterness is expressed in international units of bitterness -
EMU units.
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Results and discussion

The influence of cohumulone of bitter hop sorts on the quality of mash.

The bitter substances of hop sorts of Ukrainian selection, including alpha — acids, have
a wide range of cohumulone content, rated from 16.7% in sort Kumyr to 44.1% in sort
Ruslan. For research, we have selected hop varieties of bitter type with minor deviation of
alpha acids and the ratio of beta acids to alpha-acids and with different content of
cohumulone as a part of of alpha acids (Table 1).

Table 1
Characteristics of bitter substances of the studied hop varieties

Content of Cohumulone in a Content of

Ne Hop sort o - acids, % - acids, % B - acids, %
1 Kumyr 7,2 16,7 3,9
2 Granite 7,2 19,6 33
3 Nasar 7,3 26,4 4.9
4 Promin’ 7,5 29,0 4.1
5 Xanthi 6,2 35,1 4,0
6 Ruslan 6,7 44,1 4,7

The laboratory beer brewing was conducted with the given hop sorts, the number of
alpha — acids and cohumulone, which was put in 1 dm® of mash, was calculated. The
bitterness oh hopped mash was identified using spectrophotometer.

With the normalization of domestic hop varieties of bitter type, according to Industrial
Technological Instructions, the same amount of alpha acids is put into mash (nearly 60
mg/dm’) but a different amount of cohumulone rated from 10,0 mg/dm’ in hop sort Kumyr
to 26.4 mg/dm’ in sort Ruslan. Thus, the magnitude of bitterness of hopped mash also
varies from 33.1 units. EMU (sort Kumyr) to 41.1 units. EMU using hop varieties Xanthi,
as reflected in fig. 1.

From the analysis of Table. 1 we see that in hops of sort Xanthi the amount of
cohumulone composed of alpha acids was 52.2% more compared to the lowest content of
cohumulone in hops of sort Kumyr. Thus, according to the data in Fig. 1 the quantity of
bitterness of hopped mash increased by 19.5% compared to the sort Kumyr . That is, with
increasing mass fraction of cohumulone composed of alpha acids of hop sort Xanthi by 1%,
the value of of bitterness of hopped mash increases by 0.37%. During intoxication of mash
by hop sort Ruslan with significantly higher content of cohumulone composed of alpha acid
the quantity of mash virtually unchanges.But, if in hop sort Ruslan the amount of
cohumulone composed of alpha acids was 62.1% more compared to the hop sort Kumyr,
the value of bitterness of mash, hopped by this hop sort would increase only by 17.3%
compared to the sort Kumyr. With the increase of mass fraction of cohumulone composed
of alpha acids of sort Ruslan by 1% the quantity of of bitterness of hopped mash increases
by only 0.28%. After analyzing the ratio between growth of cohumulone composed of
alpha acids and the change of the value of bitterness of mash, hopped by the given hop
sorts, the conclusion follows: with growing proportion of of cohumulone composed of
alpha acids by 1%, the value of of bitterness of mash, hopped by the bitter domestic hop
crops, increases from 0.24% for sort Granite to 0.42% for sort Promin’. The research
findings expain why we do not always get a stable normalized beer bitterness during the
normalization of mash on the content of alpha acids.
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Fig. 1. The number of bitter hop substances, made to the mash
and defined in it

It was found by the conducted studies, that at application for intoxication of mash by
bitter hop sorts with different composition of alpha acids, it is more effective to use them
for sorts with a high content of cohumulone.

The influence of cohumulone in aromatic hop sorts on the quality of mash and
beer.

To establish the correlation dependencies, we have also chosen to study a group of
aromatic hop varieties with different content of cohumulone composed of alpha acids and
small deviation of ratio of beta — acids to alpha — acids (Table 2).

Table 2
The characteristic of bitter substances in aromatic hop varieties
Caofl;ilil;sof (ii:l)l:lu_n::li:;rsne Content of Ratio of

Ne Hop sort % o, | B-acids, % o/p — acids

1 Hmeleslav 3,7 22,1 4,1 1,01

2 | Slavonian 4,6 23,3 5,9 1,29

3 | Zagrava 6,1 25,6 6,6 1,06

4 | Haidamak 4,8 28,8 5,6 1,17

At the mini — brewery of the Institute beer was brewed with the given hop sorts after
laboratory beer brews and their analysis. The intoxication was performed by classical
technology at the rate of 60 mg of bitter hop substances per 1 dm’ of mash.

During the research we determined the number of put beta acids and cohumulone to 1
dm’ of mash and the resulting value of mash, that is displayed in Figure 2.

The findings indicate that by the industrial technological Instruction, in normalization
of various hop sorts the same amount of alpha acids is put into mash (60 mg/dm®) but a
different number of cohumulone (from 13.2 dm’ in hop sort Hmeleslav to 17.3 dm? in sort
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Haidamak. Herewith, The magnitude of bitterness of hopped mash also varies from 24.1
units EMU to 32.6 units EMU. But, if in a hop sort Haidamak the amount of cohumulone
composed of alpha acids was 23.3% more compared to the lowest content of cohumulone in
hop sort Hmeleslav, the value of bitterness of mash, hopped with a given hop sort, would
increase by 26,1 % compared to Hmeleslav. So, with the increase of mass fraction of
cohumulone composed of alpha acids of sort Haidamak by 1%, the quantity of of bitterness
of hopped mash is increased by 1.1%, while for bitter hop sorts, which have a ratio of beta
acids to alpha acids — 0,3-0, 6, this index was much lower and was only 0,24-0,42.

80

70

60 —

50 —

40 —

30

20

10 -

0

Hmeleslav Slavonian Haidamak

Zagrava

B Cohumulone, mg/l
B Bitterness of mash, units EMU
OPut - in B - acids, mg/l

Fig. 2. The number of put —in and defined bitter substances of aromatic hop sorts in mash

The results revealed that in the formation of bitterness of mash, hopped with aromatic
hop sorts from the ratio of beta acids to alpha acids around 1, the role of beta-acids’
compounds is much higher compared to the bitter varieties.

The defined dependences are also stored in the study of finished beer, characteristics of
which are shown in Table 3.

Table 3
The content of bitter substances and polyphenolic compounds in beer samples
Ne Bitterness of beer Total polyphenols
sample Hop sort of the beer units EMU , ngg/zzs ’
1 Hmeleslav 15,07 196,0
2 Slavonian 19,64 180,4
3 Zagrava 23,58 172,0
4 Haidamak 24,51 178,0

Organoleptic evaluation of beer was estimated on a closed tasting according to the

requirements imposed on the given variety of beer in 25-point system (Instructions for
technochemical control of the brewing industry from 25.12.90). Organoleptic evaluation of
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the quality of beer prototypes and it’s biochemical evaluation show that all the samples
satisfied the requirements of current ISO 3888-99. Beer. General specifications, but but
they differed greatly in taste, aroma and character of bitterness (Table 4).

Table 4
Technological evaluation of the studied hop varieties
Names of quality indicators
Taste
o
> )
g o on — % g N g
Options = 2 é 3 2 S Z E b=
&1 5| & 5 2 £ 5 & g
R A = =i S = £ 2
= - & ©
an) =
Hmeleslav 3 3 5 3,4 4,0 4,0 22,4 | excellent
Slavonian 3 3 5 3,8 4,2 4,5 23,5 | excellent
Zagrava 3 3 5 3,6 3,9 4,1 22,6 | excellent
Haidamak 3 3 5 3,5 3,7 3,8 22,0 | excellent

The conducted studies have shown that the best beer was received while hopping mash
by a hop sort Slavonian with delicate aroma. Beer had a nice flavor, fresh hop aroma and
delicate, unresidual bitterness. For the given beer sample with hop the smallest amount of
cohumulone but the largest amount of beta — acids was put in (Fig. 2).

Beer with aromatic hop sorts of Zagrava and Hmeleslav also was of an excellent
quality. Beer of these options had nice flavor and aromatic properties. The bitterness of the
1st sample was soft, bound, conformed with the composition of the drink, but insufficient.
The third sample of beer had a balanced, intense, a little excessive, but pleasant bitterness.

The fourth sample of beer had a good taste, but it was inferior to the aroma and hop
bitterness to other samples. The committee members noted the slightly rough bitterness.

We have noted that in the first sample of beer, which was made with a hop sort
Hmeleslav with the smallest amount of cohumulone and beta acids, bitterness of beer was
the lowest. With increasing content of cohumulone composed of alpha acids from 22.1% in
hop sort Hmeleslav to 28,8% in sort Haidamak and with increasing amount of put — in
cohumulone with the given hop sorts from 13.2 to 17.3 mg to 1 dm’ the bitterness of beer
also increases, as spectrophotometric so organoleptic. Thus, the content of cohumulone
composed of alpha acids of hops should be less than 28% to obtain high-quality beer
bitterness.

So, the different representatives of bitter hop substances have different bitterness both
in total intensity and for individual taste nuances. Taking into account the maximum
qualities of all the components of a group of bitter substances allows efficient use of the
most expensive raw materials, creating new beers.

Conclusions

1. The quality and the quantity of of beer bitterness depends on the varietal characteristics
of hops, that is, on the quantity and quality of the homologues of alpha-and beta-acids
fraction.
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When applying hops with a slight deviation of ratio of beta — acids to alpha — acids and
different composition of alpha acids, for mash intoxication, more efficient use of it is
for varieties with a high content of cohumulone. The content of cohumulone composed
of alpha acids of hops should be less than 28% to obtain high-quality beer bitterness.
The role of the beta-acid compounds in the formation of bitter mash, hopped with
aroma hop varieties with a ratio of beta to alpha acids acids around one, is much more
important compared to the bitter varieties.
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Introduction. Optimization of the egg omelets (EO)
production using high pressure (HP) will allow to produce a
minimum cost product during manufacturing and also to obtain a
product with high consumer properties.

Materials and methods. The concerned product is - EO - a
mixture of liquid egg with grated or chopped cheese, xanthan
gum, water or milk and spices. The EO manufacturing process
consisted of packing the mixture in an airtight container with
heating and processing in the high pressure installation. The EO
suitability for long-term storage was evaluated by the "water
activity" term. The EO quality was evaluated by an expert. There
was used the undetermined Lagrange multipliers method to
obtain the optimal process parameters.

Results. As a result of the central composite rotatabel plan
there was developed optimization model allowed to obtain the
optimal EO HP processing parameters: pressure — 690 MPa,
temperature — 122°C, treatment duration — 7x60s, 14g of water
on 100 g of melange, 13 g of dry milk on 100 g of melange,
xanthan gum content - 0,75% of the total mixture mass, 25 g of
cheese on 100 g of melange. These indicators allow to obtain the
EO process parameters with the next indicators: water activity -
0.704 and comprehensive quality Score - 0.98 that characterize
the product as a product with high quality indicators stable over a
long period of storage.

The developed model analysis with using of Student's t test,
Fisher dyspepsia and predicted optimization values calculation
errors confirmed the reliability of the optimization parameters
obtained values and the optimization model reliability. The
calculations results for the given optimization parameters are
presented as confidence intervals, confirming that their
experimental values do not exceed the respective intervals and
thus confirm the results authenticity.

Conclusions. These results have practical significance and
were adopted as the basis for the technical documentation
elaboration of the EO long term storage and the HP process
equipment design for implementation of this process.
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Introduction

Chicken eggs are one of the most valuable human food products and are used in the
preparation of a large number of dishes, among which the leading position is taken by egg
omelets (EO). Unfortunately, this product is not suitable for long-term storage, and is
cooked at mass catering establishment on an as-needed basis. At the same time, taking into
account the high nutritional value of the product, upon conditions of providing its high
nutritional and consumer properties for long-term storage, it can be recommended for use in
expeditions and camping trips, remote regions of the country, for the formation of strategic
reserves of the armed forces and navy and also in egg-processing, food-manufacturing
industry and public catering establishments. The investigations within the sphere of omelet
production with long-term storage are held in several European countries and the USA.

It is the most appropriate to use high pressure (HP) for the development process of EO
with extended storage period that provides microbiological purity of the processed products
during storage preserving its enzymatic-vitamin complex.

We have suggested the mixed egg omelets with various fillings: egg omelets with
cheese, bacon, fried mushrooms with long-term storage period. The process of egg omelet
production consists of mixing of liquid chicken egg with grated or hashed cheese (or other
ingredients), xanthan gum, that provides the final product with form-holding properties,
water or milk, added spices (salt, pepper), after which the resulting mixture is packed in a
hermetic resilient container, heated, dipped into a working chamber, high-pressure system
[1,2].

The work objective aims to determine the optimal parameters for the process of egg
omelet (EO) production with extended storage period using high-pressure technology.

Materials and methods

Analysis of a priori information and preparatory experimental studies make it possible
to identify experimentation areas, and to select the variables that affect the quality of the
product and its safety during long-term storing,.

The quality of EO is assessed by the expert method based on tasting and evaluation of
the organoleptic properties of the product.

For the purpose of suitability evaluation of EO for long storage we used the index of
«water activity (a,)» which represents the product characteristic established by its chemical
composition and hygroscopic capacity. The rate of water activity affects the intensity of
progressing reactions of product, such as lipid oxidation, melanoidin formation, activity of
enzymatic and microbiological processes; provides more accurate information as compared
with a total moisture content in respect of microbial, chemical and enzymatic stability of
perishable foods such as EO, and can be used to forecast its storing ability and determining
the optimal storage conditions [3, 4].

The work has been conducted on the basis of Fundamental Research Laboratory
“Application of high pressure in food technology”, Donetsk national university of
economics and trade named after Mykhailo Tuhan-Baranovskyi [5].

The optimization procedure has been developed according to methodology which have
been previously approbated in the course of treatment optimization of other products with
the application of high-pressure [6].

Through the use of active experiment we have assessed the effectiveness of the
complex impact of several factors on the quality of the developed food product, in
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particular, cheese omelet. Dependent variables include: y, — water activity (a,,); y, complex
performance criterion (x). Factor affecting the indices of: x; — pressure (P, MPa); x; —
temperature of working high-pressure chamber (t, °C); x; — treatment time (t, c); x, — mass
of water per 100 g of melange (g); xs — mass of dry milk per 100 g of melange (g); x5 —
xanthan gum (% of the total mass of mixture); x; — mass of cheese per 100 g of melange

(g)-
Results and discussion

Table 1 provides the natural and code values of the first three factors, the magnitudes
of which are defined on the basis of preparatory seven-factor experiments.

Table 1
Characteristics of experimental factors
Factors
Planning characteristics Code values Natural values

x| X X3 P, MPa t, C° T, ¢
Ground level (0) 0 0 0 700 100 450
High level (+1) +1 +1 +1 815 120 575
Low level (-1) -1 -1 -1 585 80 325
Upper "star" point (+o) 1,68 1,68 1,68 506,8 66,4 240
Lower "star" point (—a.) —-1,68 —-1,68 —-1,68 893,2 133,6 660
Variability interval - - - 115 20 125

Since the results of these experiments indicate linear dependence of the water activity
on the majority of factors, then in order to determine this dependence on the specified seven
factors we have applied fractional limit replication with limit number of factors for the
eight experiments.

Table 2
Plan of experiment to determine the coefficients of linear model
X9 X7 X X3 Xy X5 X6 X7 h4!
1 1 1 1 1 1 1 1 0,705
1 1 -1 -1 -1 -1 1 1 0,82
1 -1 -1 1 1 -1 -1 1 0,775
1 -1 1 -1 -1 1 -1 1 0,82
1 -1 -1 -1 1 1 1 -1 0,795
1 -1 1 1 -1 -1 1 -1 0,775
1 1 1 -1 1 -1 -1 -1 0,81
1 1 -1 1 -1 1 -1 -1 0,745

We have evaluated eight model coefficients of the following saturated plan (Table 3):

Table 3
Coefficient of linear model

X7 X6 X5 Xy X3 X2 X7 X0

-0,00063 | -0,00688 | -0,0144 | -0,00937 | -0,03063 | -0,00313 | -0,01063 | 0,780625
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For the purpose of release of the linear effects from the first-order interactions we have
used the saddle-point method. On application of the method there is added a new
replication, all the signs of which are contrary to the original one, that means the fulfillment
of the experimental plan recorded in Table 4.

Table 4
Plan of subsidiary experiment
X9 X7 X2 X3 X4 Xs Xg X7 M1
1 -1 -1 -1 -1 -1 -1 -1 0,795
1 -1 1 1 1 1 -1 -1 0,775
1 1 1 -1 -1 1 1 -1 0,785
1 1 -1 1 1 -1 1 -1 0,705
1 1 1 1 -1 -1 -1 1 0,745
1 1 -1 -1 1 1 -1 1 0,81
1 -1 -1 1 -1 1 1 1 0,775
1 -1 1 -1 1 -1 1 1 0,82
Table 5
Coefficient of subsidiary linear model
X7 Xg Xs X4 X3 X2 X7 X9
0,01125 -0,005 0,01 0,00125 -0,02625 0,005 -0,015 0,77625
Hereafter we received the coefficients of generalized linear model:
Table 6
Coefficients of generalized linear model
X7 X¢ X5 Xy X3 X2 Xy X9

0,005312| -0,00594 | -0,0022 | -0,00406 | -0,02844 | 0,000937 | -0,01281 | 0,778438

After the supplementing, we leave only statistically significant coefficients in the
model:

»,=0,778—-0,013x, — 0,028x,

To determine the dependence of the complex quality factor », on pressure,
temperature and time we applied a central composite uniform-rotatable planning for the
three factors, the construction of which is connected with the performance of twenty
experiments of double resistibility. Repetition provides increased precision of estimates and
contributes to extraction of weak signals out of noise. Apart from that we also referred to
randomization which is represented by random order of experiment implementation aimed
to eliminate of systematic errors.

At the first stage we have conducted the central composite rotatable planning (CCRP)
the characteristics of which are given in Table 1, and the plan in provided in Table 7.
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Table 7
CCRP matrix
No Code factor score Natural factor score Response function
X X2 X3 P, MPa t, C° T,C »
1 -1 -1 -1 585 80 325 0,84
2 1 -1 -1 815 80 325 0,86
3 -1 1 -1 585 120 325 0,94
4 1 1 -1 815 120 325 0,89
5 -1 -1 1 585 80 575 0,92
6 1 -1 1 815 80 575 0,87
7 -1 1 1 585 120 575 0,95
8 1 1 1 815 120 575 0,88
9 -1,68 0 0 506,8 100 450 0,92
10 1,68 0 0 893,2 100 450 0,83
11 0 -1,68 0 700 66,4 450 0,91
12 0 1,68 0 700 133,6 450 0,96
13 0 0 -1,68 700 100 240 0,91
14 0 0 1,68 700 100 660 0,93
15 0 0 0 700 100 450 0,96
16 0 0 0 700 100 450 0,94
17 0 0 0 700 100 450 0,95
18 0 0 0 700 100 450 0,96
19 0 0 0 700 100 450 0,95
20 0 0 0 700 100 450 0,96
Table 8
Model coefficients and its computational error
b X % X XXy | MX5 | XX x} X3 X3
0,964572 | -0,02242| 0,025795| 0,007642 | -0,01314 | -0,01229] -0,01379 | -0,03078 | -0,00576 | -0,01451
0,005907 | 0,003921 | 0,003921 ] 0,003921 | 0,005121 ] 0,005121 ] 0,005121 | 0,003821 | 0,003821 | 0,003821

Determination coefficient R* =0,939508. Let us write the resulting model:

,=0,965-0,022x, +0,026x, +0,008x,—0,013x,x,—0,012x,x, —0,014x,x,—0,03 17 —
~0,006x2—0,015x2

Let us verify it's adequacy.

y2
Exper. | Calculation | Exper. | Calculation | Exper. | Calculation | Exper. | Calculation
0,84 0,8633 0,87 0,8876 0,91 0,905 0,94 0,9646
0,86 0,8693 0,95 0,981 0,96 0,9917 0,95 0,9646
0,94 0,9688 0,88 0,8853 0,91 0,9108 0,96 0,9646
0,89 0,9222 0,92 0,9154 0,93 0,9365 0,95 0,9646
0,92 0,9307 0,83 0,8401 0,96 0,9646 0,96 0,9646

v.— the value of response function in the u-th experiment at the centre point of the design;

y, — the average value of response function in 7, experiments at the centre point of the

design;
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Z(yj—yj) =87 (ny~-1) :
Stf(): = 2 1

pJ_(n+zfn+)_(no_1)

The resulting model is adequate on the basis of Fisher's variance ratio:
Fp =4,67<F,=5,05 at significance value of 0.05, the degrees of freedom:

(n+2)(n+l)_(n0_1):20_(3+2)(3+1)
2 2
fo=n,-1=6-1=5.

fi=N- —(6-1)=5

In our case, it is clear that a priori considerations has been significantly confirmed due
to the fact that not only linear factor effects, but also pairwise interactions and quadratic
effects have been confirmed. Among three linear effects we have outlined two: the effect of
the factors of pressure and the factor of experiment duration. Based on the quantitative
estimation of the coefficients, their influence on the course of experiment is more
substantial than the temperature. Temperature in the selected variability interval does not
perform such a significant impact on this figure, since the linear coefficient is smaller in
this case. But the influence of this factor has been manifested equally with other factors in a
pairwise interactions. The content of interaction effect is that the effect of one factor
depends on the level of another factor.

Graphical analysis of two-dimensional graphs of the regression equation and the
equiscalar lines at a fixed value of one of the three factors found that the maximum values
of the complex quality parameters are in the field of experiment. This allows us to the apply
the methods of classical analysis to find the extremum. In order to find the optimal
parameter of values x;, x, x; the first "compromise" optimization problem has been
formulated in this way. It is needed to find the value of controlling factors that provide the
maximum y, = f(x,x,,x;) at the given value y, =¢(x,x,,x;). The importance of
independent variables at that point should be in the experimental field the boundaries of
which are defined by the value of factors at the "star" points. Analytically, this can be

written as an expression ¢, (x,,x,,X,)=x +x; +x; =R’ in which the factor space is
represented by a sphere of R -radius and the center located at the center of the experiment.
Thus we obtain the "compromise" optimization problem:

To maximize the function:
- ¥, =0,778-0,013x, —0,028x;,
on condition that: s 2, 2 '
X, +x; +x; =R

To solve this problem, we used the the Lagrange's method of undetermined
multipliers. For this purpose we constructed the objective function E(xl,xz,xz’/ll,/lz)
which is the sum of optimization equation y, and corresponding product of ¢,, ¢, by
multipliers A;, 1;:

F=0,965-0,022x,+0,026x,+0,008x,—0,013x,x,—-0,012x,x,-0,014x,x,-0,03 1 —

—0,006:x; —0,015x3 +4,(0,778—0,013x,-0,028x, — y, )+ 4, (xf +x) +x5 —RZ)
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In accordance with the method of Lagrange computational algorithm we built the
system of equations that contain derivatives of the objective function for all independent
replaceable and Lagrange multipliers:

OF _ 0,022-0,013x, —0,012x; —0,062x, — 0,013, +2,x,
X

OF 0,026 -0,013x, —0,014x, —0,012x, +24,x,
X

S—F —0,008—0,012x, —0,014x, —0,030x; — 0,028% + 24,1,
X3

OF _0,778-0,013x, —0,028x; — ¥,

o

—F:)cl2 +x; +x; R

oA,

To solve the resulting system of equations we used the integrated package MAPLE 13.
Values are calculated by changing the radius of the sphere R in the range from 1,628 to 0
and setting ), where practicable as smallest. The characteristic parts of computational

results are shown in Table 9:

Table 9
Computational results for optimal values of factors
R Code factor score Response function
X X2 X3 2 Vi
0,4 -0,229 0,285 -0,162 0,974 0,786
0,64 -0,1 0,6 -0,2 0,98 0,786
0,9 0,577 -0,449 -0,525 0,924 0,786
1,68 1,361 -0,443 -0,879 0,864 0,786

Optimal data is recorded in the second row of Table 9, when the value of the complex
quality factor becomes maximum, equal to 0.98. Optimal solutions with the coded and
natural values are shown in Table 10.

Optimal values

Table 10

Code factor score

Natural factor score

Response function

X1

X2

X3

P, MIIa

t, C°

T, C

2

Vi

-0,1

0,6

-0,2

695

122

425

0,98

0,786

Since the expert estimation of organoleptic qualities of omelet which is the complex

quality factor cannot be conducted simultaneously for all seven control factors (for this
purpose you need to hold simultaneously, for example, in double repeatition 326 CCRP
experiments), we have made a decision on a consistent replacement of the third factor
(linear coefficient is three times smaller than the corresponding coefficients of the first and
the second factors) by the other factors.
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For all models, we checked the significance of regression coefficients. Since we work
with the orthogonal design, they are determined with one and the same dispersion. Next for
the regression coefficients we calculated the confidential interval with a certain confidential
probability. In this equation the criterion (the Student’s criterion) has the same number of
the degrees of freedom as the error mean square. The coefficient of significance, if its
absolute value is greater than the confidential interval.

Insignificant regression coefficients were excluded and again we carried out the model
verification with the significant coefficients.

If instead of x; we will include x, to the plan of experiment, Table 1 will appear as
follows:

Factors
Planning characteristics Code values Natural values
X X, X4 P, MPa t, C° X4, 2
Ground level (0) 0 0 0 700 100 13
High level (+1) +1 +1 +1 815 120 15
Low level (-1) -1 -1 -1 585 80 11
Upper "star" point (+o.) 1,68 1,68 1,68 893,2 133,6 16,36
Lower "star" point (—a.) -1,68 -1,68 -1,68 506,8 66,4 9,64
Variability interval - - - 115 20 2
Code factor score Natural factor score Response function
No S
X X, X4 P, MPa t, C X4, 2 V2
1 -1 -1 -1 585 80 11 0,93
2 1 -1 -1 815 80 11 0,91
3 -1 1 -1 585 120 11 0,94
4 1 1 -1 815 120 11 0,93
5 -1 -1 1 585 80 15 0,95
6 1 -1 1 815 80 15 0,93
7 -1 1 1 585 120 15 0,96
8 1 1 1 815 120 15 0,95
9 -1,68 0 0 506,8 100 13 0,96
10 1,68 0 0 893,2 100 13 0,94
11 0 -1,68 0 700 66,4 13 0,91
12 0 1,68 0 700 133,6 13 0,94
13 0 0 -1,68 700 100 9,64 0,92
14 0 0 1,68 700 100 16,36 0,96
15 0 0 0 700 100 13 0,96
16 0 0 0 700 100 13 0,94
17 0 0 0 700 100 13 0,95
18 0 0 0 700 100 13 0,96
19 0 0 0 700 100 13 0,95
20 0 0 0 700 100 13 0,96
Table of coefficients and its computational errors
2 2 2
b Xy X2 Xy X1X2 XXy XXy xl x2 x4
0,95333 | -0,00686 | 0,008091 | 0,010788 | 0,0025 0 0 -0,00116 | -0,01002 | -0,0047
0,005269 | 0,003498 | 0,003498 | 0,003498 | 0,004568 | 0,004568 | 0,004568 | 0,003409 | 0,003409 | 0,003409

Determination coefficient R* =0,949504
¥,=0,953-0,007x,+0,008x,+0,011x,+0,0025x,x,-0,001x> —0,010x7 —0,005x;
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The resulting model is adequate on the basis of Fisher's variance ratio:
F,=0,08<F, =5,05 at significance value of 0,05, the 5 degrees of freedom.

Optimal decision

Table 11

Code factor score Natural factor score Response function
X X X4 P, MPa t, C° X4, 2 V) Vi
-0,11 0,63 0,52 694,5 122,6 14,04 0,96 0,77
If instead of x; we will include X; to the plan of experiment, Table 1 will appear:
Factors
Planning characteristics Code values Natural values
X X2 X5 P,MPa | t,C° Xs, 2
Ground level (0) 0 0 0 700 100 14
High level (+1) +1 +1 +1 815 120 15,5
Low level (-1) -1 -1 -1 585 80 12,5
Upper "star" point (+o.) 1,68 1,68 1,68 893,2 133,6 16,52
Lower "star" point (—a.) —-1,68 —-1,68 —-1,68 506,8 66,4 11,48
Variability interval - - - 115 20 1,5
No Code factor score Natural factor score Response function
X X2 X5 P, MPa t, C° X5, 2 p2)
1 -1 -1 -1 585 80 12,5 0,95
2 1 -1 -1 815 80 12,5 0,93
3 -1 1 -1 585 120 12,5 0,96
4 1 1 -1 815 120 12,5 0,95
5 -1 -1 1 585 80 15,5 0,93
6 1 -1 1 815 80 15,5 0,91
7 -1 1 1 585 120 15,5 0,94
8 1 1 1 815 120 15,5 0,93
9 -1,68 0 0 506,8 100 14 0,96
10 1,68 0 0 893,2 100 14 0,94
11 0 -1,68 0 700 66,4 14 0,91
12 0 1,68 0 700 133,6 14 0,94
13 0 0 -1,68 700 100 11,48 0,95
14 0 0 1,68 700 100 16,52 0,92
15 0 0 0 700 100 14 0,96
16 0 0 0 700 100 14 0,94
17 0 0 0 700 100 14 0,95
18 0 0 0 700 100 14 0,96
19 0 0 0 700 100 14 0,95
20 0 0 0 700 100 14 0,96
Table of coefficients and its computational errors
2 2 2
b X % Xs XXy | MXs | XX | X X) Xs
0,95327 |-0,00686 | 0,008091 | -0,00956 | 0,0025 0 0 -0,00078 | -0,00964 | -0,0061
0,0024570,001631]0,001631]0,001631|0,00213|0,00213]0,00213 | 0,00159 | 0,00159 ]0,00159

Determination coefficient R? =0,9262
The resulting model is adequate on the basis of Fisher's variance ratio:
Fp =0,13< Fm =5,05 at significance value of 0,05, the 5 degrees of freedom.
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Fig. 4. Response surface and equiscalar lines for regression as y, = f'(x;,x,,x4) at the
subsequently fixed x,= - 0,11, x, = 0,63 and x, = 0,52
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Optimal decision

Table 12

Code factor score

Natural factor score

Response function

X X2 X5 P, MPa t, C° Xs, 2 V2 Vi
-0,14 0,65 -0,28 693 123 13,58 0,98 0,78
If instead of x; we will include X, to the plan of experiment, Table 1 will appear:

Factors
Planning characteristics Code values Natural values
X1 X Xs P, MPa t, C° Xs, 2
Ground level (0) 0 0 0 700 100 14
High level (+1) +1 +1 +1 815 120 15,5
Low level (-1) -1 -1 -1 585 80 12,5
Upper "star" point (+o.) 1,68 1,68 1,68 893,2 133,6 16,52
Lower "star" point (—a.) -1,68 -1,68 -1,68 506,8 66,4 11,48
Variability interval - - - 115 20 1,5
N Code factor score Natural factor score Response function
0o o
X X, X5 P, MPa t, C Xs, 2 7
1 -1 -1 -1 585 80 12,5 0,95
2 1 -1 -1 815 80 12,5 0,93
3 -1 1 -1 585 120 12,5 0,96
4 1 1 -1 815 120 12,5 0,95
5 -1 -1 1 585 80 15,5 0,93
6 1 -1 1 815 80 15,5 0,91
7 -1 1 1 585 120 15,5 0,94
8 1 1 1 815 120 15,5 0,93
9 -1,68 0 0 506,8 100 14 0,96
10 1,68 0 0 893,2 100 14 0,94
11 0 -1,68 0 700 66,4 14 0,91
12 0 1,68 0 700 133,6 14 0,94
13 0 0 -1,68 700 100 11,48 0,95
14 0 0 1,68 700 100 16,52 0,92
15 0 0 0 700 100 14 0,96
16 0 0 0 700 100 14 0,94
17 0 0 0 700 100 14 0,95
18 0 0 0 700 100 14 0,96
19 0 0 0 700 100 14 0,95
20 0 0 0 700 100 14 0,96
Table of coefficients and its computational errors
2 2 2
b X X Xs XXy | X Xs | XoXs | X, X, Xs
0,95327 | -0,00686 | 0,008091 | -0,00956 | 0,0025 0 0 -0,00078 | -0,00964 | -0,0061
0,00245710,001631|0,001631|0,001631 | 0,00213|0,00213|0,00213 | 0,00159 | 0,00159 | 0,00159

Determination coefficient R* =0,919309
y,=0,953-0,01x,+0,009x,-0,010x,+0,004x,x,-0,008x; —0,006x_
is adequate on the basis of Fisher's variance ratio:

The resulting model

F,=09<F,=505at significance value of 0,05, the 5 degrees of freedom.
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Fig. 5. Response surface and equiscalar lines for regression as y, = f(x;,x,,x,) at the
subsequently fixed x,= - 0,11, x, = 0,63 and x, = 0,52
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Fig. 6. Response surface and equiscalar lines for regression as y, = f{x;,x,,x,) at the subsequently
fixed x,;= - 0,11, x, = 0,63 and x, = 0,52

Table 13
Optimal decision
Code factor score Natural factor score Response function
X X Xs P, MPa t, C° Xs, 2 V) Vi
-0,14 0,65 -0,28 693 123 13,58 0,98 0,78
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If instead of x; we will include x; to the plan of experiment, Table 1 will appear:

Factors
Planning characteristics Code values Code values
X X X7 P, MPa t, C° X7, 2
Ground level (0) 0 0 0 700 100 24
High level (+1) +1 +1 +1 815 120 30
Low level (-1) -1 -1 -1 585 80 18
Upper "star" point (+o) 1,68 1,68 1,68 893,2 133,6 34,08
Lower "star" point (—a.) -1,68 -1,68 -1,68 506,8 66,4 13,92
Variability interval - - - 115 20 6
No Code factor score Natural factor score Response function
X1 X2 X5 X1 X2 X5
1 -1 -1 -1 585 80 18 0,94
2 1 -1 -1 815 80 18 0,93
3 -1 1 -1 585 120 18 0,96
4 1 1 -1 815 120 18 0,94
5 -1 -1 1 585 80 30 0,95
6 1 -1 1 815 80 30 0,93
7 -1 1 1 585 120 30 0,96
8 1 1 1 815 120 30 0,95
9 -1,68 0 0 506,8 100 24 0,97
10 1,68 0 0 893,2 100 24 0,94
11 0 -1,68 0 700 66,4 24 0,92
12 0 1,68 0 700 133,6 24 0,95
13 0 0 -1,68 700 100 13,92 0,94
14 0 0 1,68 700 100 34,08 0,95
15 0 0 0 700 100 24 0,96
16 0 0 0 700 100 24 0,94
17 0 0 0 700 100 24 0,95
18 0 0 0 700 100 24 0,96
19 0 0 0 700 100 24 0,95
20 0 0 0 700 100 24 0,96
Table of coefficients and its computational errors
b X X X XX, | XX | %X, | x] X3 x]
0,953316| -0,00809 | 0,008091 | 0,002697 0 0 0 0,000702 | -0,00638 | -0,00284
0,00257410,001709 ] 0,001709 | 0,001709 | 0,002232 | 0,002232 | 0,002232 | 0,001665 | 0,001665 | 0,00166

Determination coefficient R* =0,866061
y,=0,953-0,008x,+0,008x,+0,003x, —0,006)622 —0,003)672

The resulting model

is adequate on the basis of Fisher's variance ratio:
F =0.231< F =5.05 at significance value of 0,05, the 5 degrees of freedom.
P > m 4

Table 14

Optimal decision

Code factor score Natural factor score Response function

X1 X2 X7 Pa MPa ta CO X7, 2 )2 V1

-0,17 0,51 0,25 691,5 120,2 25,5 0,98 0,77
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Statistical analysis has been concluded by the model interpretation of research object.
It has been performed according to the following algorithm. We conducted the
experimental testing of the detected optimal parameters and evaluation of the degree of
accuracy and reliability of the parameter values. Under the listed optimum values of factors
we have carried out ten replicates for all seven factors, results and their statistical analysis
which are given in Table 15.

Table 15
Optimization results
Parameter . . ..
Optimization value Dispersion | Criterion | naccuracy | Confidential
parameters 7 Iy S? t, 1) interval
B2 0,98 | 0,941 0,005 1,74 0,051 0,929-1,0
» 0,786 | 0,748 0,0045 1,79 0,048 0,738-0,834

The verification of Student's criterion has been confined to the comparison of
calculated values with those given in the table 7, = 2,26 (the number of degrees of

freedom f =9) for the confidential probability of 0.95. These values indicate that the

differences between the computational and experimental data are inappreciable.
The error of predicted value of optimization parameter:

NS’
Jn
The results of calculations according to the enlisted optimization parameters,

represented in the form of confidential intervals, show that their experimental values do not
go outside the corresponding intervals, and thus confirm the validity of the obtained results.

5:

Conclusions

By this means the implemented research makes it possible to get optimal processing
parameters for EO with HP: x; — 690 MPa, x, — 122°C, x; — 7x60sec, x, — 14 g of water per
100 g of melange, x5 — 13 g of dry milk per 100 g of melange, xs — xanthan gum content -
0,75% of the total mass of mixture, x;— 25 g of cheese per 100 g of melange. The following
optimal indicators of process parameters make it possible to obtain EO with indicators 6; =
0,704 and 6, = 0,98, that characterizes this product as the product with high quality indices
that are stable over a long period of storage.

The obtained results are of practical importance and can be taken as the basis for the
design of corresponding technological high-pressure equipment.
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Introduction. Bee pollen is a unique and unparalleled
natural bioactive substances source. Using it in
conjunction with the popular functional fermented milk
product - yogurt will expand its product range and increase
the biological value.

Materials and Methods. Dried bee pollen’s moisture
determination was made by gravimetry methods, based on
the sample weight loss due to desiccation, until constant
weight was reached. Test and control yogurt samples were
studied by applying standard techniques for milk and milk
products set forth in the regulations of Ukraine.

Results and discussion. It is found that bee pollen
pellet drying to a moisture content of 2 - 4%, increases the
flow rate of powder almost by 90%. The sample having
moisture content of 2% will have a bulk density exceeding
12.5% compared to the sample having moisture content of
10%. Raw output will also increase by 3.7%. By contrast,
apparent density and weight fraction of losses decreases,
which has a positive impact on pollen efficiency of use
and distribution in bulk yogurt. Moreover, the weight
fraction of losses decreases by fourfold (4.6% vs. 1%).

It was experimentally determined that pollen can
deteriorate microbiological characteristics of yogurt.

It was proved that treatment of crushed bee pollen
pellet sample with ultraviolet allows improving yogurt
microbiological safety indicators. Namely, to reduce the
presence of coli-forms to 0, mould — to 10 CFU/cm?.

Conclusions. The proposed bee pollen pellet treatment
method  will improve the technological and
microbiological characteristics of pollen powder. This
provides for yoghurt production biotechnology using bee
farming products.

——Ukrainian Food Journal. 2014. Volume 3. Issue 3

415



Food technologies

Introduction

Malnutrition reduces age of human life by 2-3 times. Up to 90% of diseases are directly
related to malnutrition. [1].

Nutrition basis incorporate the food intake balance principle, thus ensuring optimal
body's need for food and bioactive capable of exhibiting their maximum efficiency in the
body.

Certain food products or components have healthful and prevention benefits. These
products are known as “functional food products”. For the first time they have been
exported to the European market from Japan in 1996 [2, 3, 4].

These food products can include fruits and vegetables, whole grains, dietary fibers and
other substances including functional components: carotenoids, flavonoids, minerals,
vitamins and similar substances [5].

Functional characteristics of many traditional fermented milk drinks are discovered and
studied. Currently there are new food products enriched with useful components under
development.

Among all functional food products yogurt is considered to be ideal medium for
nutritional ingredients delivery. [6] Especially, such as components of some bee farming
products (honey, royal jelly, bee pollen pellet).

Bee pollen pellet has a form of dense balls. Each such ball is covered with
agglutinating water - and fat-soluble substances. The first ones consist of nectar mono- and
disaccharides, other contain propolis components. Since agglutination substances do not
dry quickly, the fresh pollen pellet moister content is 25-30%. Therefore, after collection it
must be dried to a residual moisture content not exceeding 10%, which ensures its storage
for 240 days at room temperature, and 360 - at 12 ° C below 0 [7, 8, 9].

Bee pollen contains proteins, amino acids, carbohydrates, minerals, fats. It also
includes hydrocarbons, organic acids, vitamins, sterols, flavoring, flavonoids, higher
alcohols, phosphatides, phenolic and other biologically active substances. Due to such
composition the pollen can exhibit activity of various types: antioxidant, antibacterial,
hepatoprotective, antihypoxanth, etc. [7,10, 11].

Such a wide enough action range ensured pollen pellet application in apitherapy,
alternative and traditional medicine [7,12]. Its application in the food industry is quite
insufficient. There are several patents of Ukraine for art of manufacture of butter using
powdered pollen (UA 96219 1. Method for Making Butter with Filltr; UA 94284 Method
for Making Butter with Filltr; UA 94478 Method for Making Butter with Filltr), sweet
creamed curds using bee farming products, including pollen (UA 47718 Cottage-Cheese
Dessert) and fish rolls using fillings of plant origin (UA 67388 Pymer puGHumii
¢ynkiionansHoro npusHadeHHs "Jlimape"; UA 67390 Fish Rolls Functional Setting
"Marino", UA 67389 Fish Rolls Functional Setting "Royal", UA 67391 Fish Rolls
Functional Setting "Atlantis").

Products listed above are wholesome and important, but they have no probiotic effect
on human body, like yogurt. Besides, the above specified sources have no sufficient
information on pollen preparation technology for use. Therefore, the use of bee pollen
pellet to enrich and improve yoghurt remains an open question.
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Materials and methods

The following was used for experimental process: bee pollen pellet; milk with a fat
content of 3.2%; DVS-starter cultures Streptococcus thermophilus, Lactobacterium
delbrueckii subspecies bulgaricum, Lactobacterium acidophilum made by Bulgarian
manufacturer Genesis Laboratories. All raw materials meet the regulatory requirements for
this type of product.

Bee pollen pellet samples were prepared by drying in a convection oven at a
temperature of 32 + 2°C to a moisture content of 10, 8, 6, 4 and 2%. To determine water
weight fraction in bee pollen pellet samples the drying method was used, as well as
methods proposed by Portuguese scientists Maria G.R. Campos, Stefan Bogdanov, Ligia
Bicudo de Almeida-Muradian, Teresa Szczesna, Yanina Mancebo, Christian Frigerio,
Francisco Ferreira [13].

Pollen grinding was performed using laboratory mill-pounder ‘“Pulverisette — 2” to a
particle size of 10-15 microns. In all cases, samples were ground to better homogenization
of the batches and a rate of each of the samples (approximately 2 g, except method IV
which used approximately 1 g) was submitted to the process. All batches were analyzed in
triplicate, except for the Karl Fischer’s, which was made in two duplicates.

Dried bee pollen’s moisture determination was made by gravimetry methods, based on
the sample weight loss due to desiccation, until constant weight was reached. Moisture
content of samples submitted was calculated using the Equation 1:

Yemoist =100 {m—_’qoo} )
m—t
where:

m = total mass of the system (glass + sample) at the beginning of the process;

m’ = total mass of the system (glass + sample) at the end of the process;

t = mass of glass used.

Quartz treatment of pollen pellet thin layer performed using non-ozone bactericidal
lamp made by German manufacturer Osram -Obb-15I1I1 model “15W T8/G13”.

Flow rate, bulk density and other technological parameters of pollen powder were
determined by weighing. Microbiological studies were carried out according to standard
study procedures set forth in standard process documentation of Ukraine.

Bactericidal treatment was carried out in a dry room, the humidity of which didn’t
exceed 5-10%. Dryness of air was observed to prevent sticking and clumping of fine pollen
powder particles and improve its mixing with milk base.

Yogurt control and test samples were produced under similar laboratory conditions of
the same raw materials and characterized by availability of bee pollen pellet content treated
using different methods (UV-treated and untreated). Its content in test yoghurts was 0.15%.

There were three sample made. First sample (K) - control sample without fillers.
Second (O1) — test sample containing milled to a particle size of 10 micron pellet UV-
untreated. Third (O2) — test sample with pollen pellet powder that was subjected to
antimicrobial treatment.

All fermented milk drinks samples were acidified to reach the acidity level of 90°T at
39 + 2°C. Then samples were cooled to a temperature of 10 + 2°C. Yogurt was stored in
sealed packaging (glass containers of 150 cm?® with screw-tight plastic lids) at 4 + 2°C.
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The final value of each indicator was equal to the average value following the results of
this indicator triple measurement.

Yogurt samples were analyzed on a third day of storage.

Mathematical data processing performed using standard set of computer programs
integrated in Microsoft Office Excel 2010.

Results and discussion

Pollen grinding can cause problems since insufficiently dried product leads to the
blockage and failure of the system. Significant powders loss as a consequence of substances
sticking on mill parts. Therefore, study was undertaken regarding the effect of pollen pellet
moisture content on grinding efficiency.

The data obtained during the determination of raw materials yield and loss are shown
in Table 1.

Table 1
Bee pollen loss at the stage of grinding
.. Moisture, %
Characteristics 10 3 6 1 3
Amount of pollen, g 150 150 150 150 150
Yield rate, g 143,1 145,35 147,15 148,35 148,5
Pollen loss, % 4,6 3,1 1,9 1,1 1

After grinding of five pollen samples weighing 150 g dried to the different (10, 8, 6, 4
and 2%) moisture content, we found that the water content in raw material directly affects
its yield and share of losses. Sample with 10% of moisture content had the lowest yield rate
- 143.1, the highest yield rate was obtained from samples having 4 and 2% of moisture
content - 148.35 and 148.5 g, respectively, with the difference between them of only 0.15
g. The difference in this value between sample having 10 and 4% of moisture content was
5.25 g, which was =~ 8%. This is significant. Since, according to the formulations in TU
U15.5-00493706-002: 2009, 5.25 g of pollen can be used to produce 350 - 1750 g of
finished yogurt.

The experiment found that the rate of raw material loss characterized with direct
proportion to the moisture content of bee pollen samples. Namely, raw material loss
decreased with the moisture content decrease. The lowest loss rate was observed in pollen
having moisture content of 4 and 2%. The difference between these samples was 0.1%.
Losses of sample containing 10% of moisture were 4.6%, which is 3.6% higher than the
sample having moisture content of 2 % and 3.5 — compared to sample having 4% of
moisture content.

In practice, unmilled pollen drying can be used until it reaches moisture content of 4%.
It will be rational in terms of cost efficiency in the raw material preparation process for
using it in biotechnology of yoghurt with natural bee farming products.

By studying the technological characteristics of the bee pollen pellet powder we can
assess its quality and predict the mixing process with a milk base. As it is known, that the
more uniform is powder, the more uniformly it will be distributed in a liquid medium [14].

Dependency study was performed regarding technical parameters of the bee pollen
pellet powder and its moisture content. Results for the bulk weight, bulk density are shown
in Table 2, and flow rate — in Figure 1.
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Table 2
Technological characteristics of bee pollen pellet powder
.. Moisture, %
Characteristics 10 3 6 4 )
Apparent density, g/cm3 0,56 0,58 0,6 0,62 0,63
Bulk density, g/cm3 0,78 0,77 0,77 0,76 0,76
3,5
(2]
= 30
2
E 2,5
©
2 20
i
1,5 +—
1,0 —
0,5 —
0,0
10 8 6 4

2
Moisture content , %

Figure 1. Pollen pellet powder flow rate and moisture content dependency

Powder technological data change depending on its moisture content is directly
proportional to the flow rate and bulk density and inversely proportional to the apparent
density. Results for samples having moisture content of 4 and 2% had insignificant
differences. Therefore, for costs reason, same as in the previous case, it may be advisable to
dry the pollen pellet to the moisture content of four percent.

Based on previous studies, as well as studies of foreign scientists, pollen can become a
source or growth factor for adverse yogurt microbial population [15].

The values obtained as a result of microbiological study of control and test (O1) yogurt

samples are summarized in Table 3.

Table 3
Bacteriological index for yoghurt with bee pollen pellet
o 1. Sample
Name of indicator K o1
Coli-forms in 0,1 g not detected inlg
Pathogens, including Salmonela, in 25 cm’ not detected not detected
Staphylococcus aureus, B 1,0 cm’ not detected not detected
* Yeast, CFU/cm®, no more than 50 50
in sample not detected not detected
*Mould fungi, CFU/cm’, no more than 50 50
in sample 11 72
* —according to the current regulations of Ukraine.
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Yogurt control sample is fully consistent with regulatory requirements to such product.
O1 sample did not meet the standards in terms of two indicators. In 1g of O1 sample O1
there were coli-forms detected, which is not allowed. Mould fungi CFU exceeded the
permissible level by 22 CFU/g.

In connection with the foregoing, it was decided to treat the powder derived from
pollen with the ultraviolet lamps and analyze results obtained. Study was carried out only
based on those indicators, the results of which were unsatisfactory (availability of coli-
forms and moulds). The results obtained are shown in column chart with grouping in Fig. 2.

=

0 2,0

=

s 1,6

£

=

s 1.2

5

= 038

g

S 04

5

E 0,0 -

Coli-forms in 0,1g Mould fungi
CFU/em?®

O sample O1; W sample O2.

Fig.2. Microbiological indicators of test yogurt samples with bee pollen pellet

Pollen treatment using quartz lamp (O2) assisted in reducing the mould content to a
level below the reference and maximum permissible. Number of coli-form bacteria in O2
sample decreased to zero. Other microbial safety indicators remained unchanged.

Thus, reducing the bee pollen pellet moisture content prior grinding to 4-2% will
facilitate the grinding process and obtain powder with satisfactory technological
parameters.

Pollen pellet powder ultraviolet treatment prior it’s adding to the prepared milk base
prevents adverse microbial population indicators growth in the finished fermented milk
drink.

Conclusions

Bee pollen pellet drying to the moisture content of 4-2% enables preventing its
substance sticking to the operating items of grinding devices and obtaining powder with
satisfactory technological parameters.

Pollen powder treatment with bactericidal lamps prior adding the milk base will
reduce the risk of adverse microbial population ingress.

Described methods allow using bee pollen pellet for fermented milk drinks production
technology.
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Introduction. This paper investigates influence of
hydrated fullerenes on degree of accumulation bioactive
substances of microfungus Blakeslea trispora.

Materials and methods. In this research effort
detection of fatty-acid composition in amino acids,
carotenoids and sterols biomass by means of using
methods of high-performance liquid chromatography,
adsorption and disjunctive chromatography in thin-layer
sorbent and spectrophotometric; gravimetric method;
method of direct spectrophotometration in benzene took
place.

Results and discussion. It has been induced that
application of hydrated fullerenes in microfungus
Blakeslea trispora nutrient medium promotes increasing
accumulation in biomass quantity of carotene on 32,3 %;
asparaginic, glutamic acids and leucine.

Reproportion carbon to nitrogen by means of adding to
microfungus Blakeslea trispora nutrient culture medium
hydrated fullerenes did not influence on the biomass
amino acid structure any.

Obtained data of fatty-acid composition in microfungus
Blakeslea trispora lipoid fraction indicate about significant
predominance unsaturated fatty acids and, as a result of
this, we have advance of use microfungus Blakeslea
trispora biomass as a source of biologically active
substances for establishing a new kind of prophylactic
action goods.

Introduction

Microfungus Blakeslea trispora, owing to its high carotinsynthesizing ability, is the

most promising producer of B-carotin and is advanced industrial basic material among other
microorganisms and plants [1]. Hydrated fullerenes — high-persistent fine-dispersed
aqueous solution of native fullerenes, which, unlike other fullerenes, have properties of
lyophobic molecular-colloidal systems and are growth-stimulating agents and antioxidants
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[2, 3, 4]. Special properties of fullerenes are their water repellency and their ability to
oxidation due to high electronegativity, notably their ability to attach any more than six free
electrons to oneself [5].

Materials and methods

In this research effort detection of fatty-acid composition in amino acids, carotenoids
and sterols biomass took place. A quantitative composition of biologically active
substances in the microfungus Blakeslea trispora biomass samples, obtained in different
culture conditions: in traditional nutrient medium and with adding to it hydrated fullerenes;
was studied.

Definition of fatty-acid composition in biomass pilot samples was carried out with use
of method of high-performance liquid chromatography by the instrumentality of
chromatograph Shimadzu Gl-14B with electronic data processing [7].

For detection sterols in microfungus Blakeslea trispora biomass, we obtained
unsaponifiable fractions of biomass samples. For complete total (qualitative and
quantitative)  definition 3B-hydroxysterols we applied methods of adsorption
chromatography and thin-layer chromatography and spectrophotometric. Saponification of
samples was carried out with the use of petroleum-ether (40...60 °C) as extractant,
elimination of solvent — in vacuum under temperature 30...35 °C, while detection of
unsaponifiable fraction — with gravimetric method.

Content of carotenoids we estimated by means of method of direct spectrum-photo-
metric measurements in benzol under wave length 456 nm. Content of carotenoids
calculated in conformity with 100 g band-and-hook hinge of virgin sample [9].

For detection of amino acids quantity in microfungus Blakeslea trispora biomass
samples, we previously applied normalized amino acids mixture with well-known
concentration of every amino acid on the column of autoanalyser [10]. In accordance with
chromatogram, we calculate peak area (or peak height) of every amino acid. Formula
evaluation of number of micromoles in every amino acid (X;) in observable solution stated
below:

X;=S;/8S.,, (1

where S, - peak area (or peak height) of amino acid in observable sample;
Sy - peak area (or peak height) of the same amino acid in solution of normalized
amino acids mixture, which corresponds to 1 micromole quantity of every amino acid.

In the samples of microfungus Blakeslea trispora dried biomass we carried out content
test for carotenoids and vitamin E, as well as content test for ubiquinone (coenzyme Q)
[16]. For detecting this substances, we saponified band-and-hook hinge of biomass samples
via potassium hydroxide alcoholic solution and extracted via diethyl ether. Extracts were
washed off with water up to neutral pH magnitude, were dried by means of anhydrous
sulfuric sodium, were filtrated and evaporated by the use of rotary evaporator.
Unsaponifiable fraction (solid residual) was dissolved in benzol.

Extracts of unsaponifiable matter had been simultaneously separated and determined
content of carotenoids, ubiquinone and vitamin E in them [15].

Content of vitamin E and ubiquinone in aliquots of summarized unsaponifiable matter
in observable samples was determined after two sequential chromatographies: adsorption
(preparative) thin-layer chromatography with silicagel mark LS 5/40 um in system hexane-
ether (correlation respectively 70:30), and analytic chromatography on impregnated plates
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(5 % hexadecane in light petroleum ether, fraction 40...60 °) Silufol uv 254 in system
acetone-water (correlation accordingly 90:10). In the capacity of control samples we used
standards Qo, Q¢ and a-tocoferol (“Serva”).

Content of ubiquinone we determined after chromatographic separation components of
unsaponifiable fractions of samples in re-computation on dry fraction at wave length 275
nm in ethanol according to difference between extinctions of oxidated and reduced forms in
15 minutes after adding to probe 0,02 ml 2,5 % borane sodium aqueous solution.

Content of vitamin E we determined after chromatographic separation components of
unsaponifiable fractions of samples by the use of Emery-Engel reaction with photometric
method at wave length 520 nm.

For determining sterols in microfungus Blakeslea trispora biomass, we obtained
unsaponifiable fractions of biomass samples. For complete general (qualitative and
quantitative) detection 3B-hydroxysterols we used methods of adsorption and disjunctive
chromatography in thin-layer sorbent and spectrophotometric. Saponification of samples
was carried out with the use of petroleum-ecther (40...60 °C) as extractant. Elimination of
solvent was carried out in vacuum under temperature 30...35 °C. Detection of
unsaponifiable fraction was carried out with gravimetric method.

For qualitative and quantitative detection 3B-hydroxysterols we used method of thin-
layer chromatography. Localization of investigated materials evaluated per standards:
ergosterine, cholesterol, fucosterol, B-sitosterol. Supplementary standard was precursor of
sterols — squalene.

Quantitative determinations were carried out using method of color chemical reactions
with the use of spectrophotometric measurements.

Components of unsaponifiable fraction we separated on carotenoid fraction (contain
only squalene) and noncarotenoid fraction (contain sterols and steroids).

Results and discussion

Composition of amino acids in microfungus Blakeslea trispora samples, that were
obtained in various culture conditions, denotes on increasing number of certain amino acids
in the samples of biomass (table 1) and content of carotenoids (table 2).

From this findings of investigation (table 1), it can be concluded that total content of
amino acids in microfungus Blakeslea trispora biomass presented with all principal amino
acids. Reproportion carbon to nitrogen by means of adding to nutrient medium hydrated
fullerenes did not influence on the biomass amino acid structure any.

As a result of findings, which is stated below in the Table 4, content of unsaturated
fatty acids in check and test biomass samples, that were obtained under different culture
conditions, practically is quite indistinctive.
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Table 1

Amino acid composition of microfungus Blakeslea trispora biomass test specimens

Content in biomass on

conventional nutrient solution

Content in biomass with adding
to nutrient medium hydrated

Amino acids fullerenes

mg %, in mg mg %, in mg
Lysine 0,3555+0,02 6,79 £ 0,41 0,8340 £ 0,07 8,25+ 0,68
Histidine 0,1634 +0,02 3,02+0,22 0,2554 +£0,02 2,52+0,12
Arginine 0,2111+£0,01 3,84 £ 0,24 0,3882 £ 0,04 3,84 +£0,21
f::i‘;mg‘“‘c 0,5168+0,17 | 9,63 +0,81 1,6141 40,17 15,94+ 1,34
Threonine 0,3598 £ 0,03 6,74 + 0,53 0,4956 + 0,05 4,90+ 0,39
Serine 0,3395+£0,03 6,43 £0,42 0,4957 + 0,05 4,91+0,42
Glutamic acid | 1,8597 = 0,02 16,05 + 1,02 1,9887 £0,21 19,65+ 1,71
Proline 0,1100 £ 0,01 1,91+£0,13 0,0978 £ 0,008 0,91 £ 0,06
Glycine 0,5289 + 0,04 9,93 £ 0,64 0,6127 0,08 6,05 £0,53
Alanine 0,4109 £ 0,03 7,65+0,52 0,8006 + 0,09 7,91 £0,65
Cystine 0,0109 £ 0,00 0,18 0,01 0,0190 + 0,002 0,19+0,02
Valine 0,2319+0,01 4,47 +£0,36 0.3968 + 0.04 3,92 +0,35
Methionine 0,0206 £+ 0,00 0,38 +0,25 0,0573 £ 0,006 0,57 £ 0,05
Isoleucine 0,5231 £0,04 4,44 +£0,18 0,4762 £ 0,05 4,70 £ 0,34
Leucine 0,5299 + 0,04 9,87 £0,37 1,0238 £ 0,07 10,11 £ 0,97
Tyrosine 0,2321 £0,02 4,12+0,22 0,3249 £ 0,02 3,21 £0,21
Phenylalanine | 0,2339 + 0,02 4,54+ 0,24 0,2422 +£0,03 2,39+ 0,06

Table 2
Content of carotenoids in microfungus Blakeslea trispora biomass test specimens
Ne Denomination of a sample Content of carotenoids,
g/100 g
1 Blomass on conventional nutrient 0,720 + 0,064
solution
Biomass with adding to nutrient
. +
2 medium hydrated fullerenes 0,800+0,082
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Content of sterols in microfungus Blakeslea trispora biomass samples is adduced in

the Table 3.

Content of sterols in microfungus Blakeslea trispora biomass samples

Table 3

Unsaponifiable | Squalen, Noncarote- | p-sitosterol,
Ne | Denomination of a | fraction, % from noid % from
sample % from unsaponifiable | fraction, % | unsaponifia-
biomass sample | fraction ble fraction
Biomass on
1 | conventional 10,89 + 1,12 7,50 + 0,78 1,71 +0,19 | 0,15+ 0,02
nutrient solution
Biomass with
o |addingtonutrient |,y g5t (9065101 | 1,95£2,02 | 0,26+0,04
medium hydrated ’ ’ ’ ’ ’ ’ ’ ’
fullerenes
Table 4
Fatty-acid composition of microfungus Blakeslea trispora biomass
s Content in biomass
Content in biomass on . . .
Ne | Name of acid conventional nutrient Wlth. adding to nutrient
solution, mg % medium hydrated
fullerenes, mg %
1 C 14:0 myrlstlc - 0,8329 + 0,09
2 Ci60 palmitic 8,6913+0,9 8,957+0,9
3 C 141 palmitic-oleic 0,8381+0,8 -
4 C 30 stearic 4,6892 £ 0,5 4,6211+£0,5
5 C 15,1 oleic 21,9756 + 2,1 20,9858 + 2,3
6 C 132 linoleic 61,0342 +6,2 59,0434 +£ 4,8
7 C 133 linolenic 1,2153+0,1 3,2598 £0,3
8 C 2.1 gadoleic 0,4410 £ 0,03 -
9 C 2,0 behenic 1,2102 £ 0,1 1,0332+£0,1

Obtained data of fatty-acid composition of lipid fraction in microfungus Blakeslea
trispora biomass indicate about significant predominance unsaturated fatty acids, that
stipulates high indices of acidity and peracidity numbers. Withal presence of huge variety
of fatty acids indicates about availability of employment of microfungus Blakeslea trispora
biomass as a source of biologically active substances for the purpose of creation of new
types of production with prophylactic action [17, 18].

Synthetic data, concerned in the question of content of biologically active substances
in microfungus Blakeslea trispora biomass, are presented in the table 5.
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Table 5
Content of biologically active substances (BAS) in microfungus
Blakeslea trispora biomass samples

s Content in biomass with
. . . Content in biomass on . .
Biologically active . . adding to nutrient
Ne conventional nutrient .
substances . medium hydrated
solution
fullerenes
1 |Carotenoids, mg % 635 +49 840 £ 79
2 |General lipids, % 19,5+22 186+1,6
3 |Ubiquinones, mg % 0,10 +0,01 0,080,006
- 1 Y
4 |Psitosterol, % from 0,15£002 036004
unsaponifiable fraction
0
5 |Squalen, % from 7504078 9,06+ 1,01
unsaponifiable fraction
6 |Protein, % 2,29+0,20 1,82+0,15
7 |Phospholipids in re- 2469 + 20,12 252,0+22.1
calculation on lecithin, mg %

On the ground of presented data (in table 5), we can predicate about existence in
microfungus Blakeslea trispora biomass not only carotenoids, but also another different
biologically active constituents.

Conclusion

It has been induced that application of hydrated fullerenes in microfungus Blakeslea
trispora nutrient medium promotes increasing accumulation in biomass quantity of
carotene on 32,3 %, asparaginic, glutamic acids and leucine, and variation of some other
amino acid composition characteristics.

Reproportion carbon to nitrogen by means of adding to microfungus Blakeslea
trispora nutrient culture medium hydrated fullerenes did not influence on the biomass
amino acid structure any.

Obtained data of fatty-acid composition in microfungus Blakeslea trispora lipoid
fraction indicate about significant predominance unsaturated fatty acids and, as a result of
this, we have advance of use microfungus Blakeslea trispora biomass as a source of
biologically active substances for establishing a new kind of prophylactic action goods.
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Introduction. Due to the fact that the production of
microbial surfactants is limited by the low yield of end
products and high cost of processes, the actual task is to
optimize and reduce the cost of the technology of
biosurfactants synthesis. One of the solutions of this
problem is to use the industrial wastes, including rape
phosphatide concentrate (PC).

Materials and wmethods. Hexadecane and rape
phosphatide concentrate (2%) were used as a carbon
source in a nutrient medium for the cultivation of bacteria.
Lipids were extracted from a cell mass and supernatant by
the mixture of chloroform-methanol 2:1. The qualitative
analysis of metabolites was performed by a thin layer
chromatography.

Results and discussion. The peculiarities of synthesis
of biosurfactants by strains G. rubripertincta UCM Ac-
122 and R. erythropolis Au-1 during the growth on the
nutrient media with rape phosphatide concentrate as a
carbon source was studied. Quantity of biomass was 9.4 —
10.1 g/1, exopolymers — 8.9-9.5 g/l and the content of cell-
bound trehalose lipids was 1.37 — 2.26 g/l; whereas the
content of exogenous trehalose lipids — metabolites of R.
erythropolis Au-1 was 2.95 g/l. It was found that the
addition of trehalose lipids (0.01 g/l) to the nutrient
medium caused the increase of biomass on 14.6 — 17.0 %
and cell-bound lipids on 13.9 — 15.5 %.

Conclusions. Rape phosphatide concentrate is
economically viable carbon source in the technologies of
surfactant production by Actinobacteria. Its use promotes
an increasing of exogenous surfactants strain R.
erythropolis Au-1 in 3-fold compared with cultivation on
nutrient medium with hexadecane. Trehalose lipids show a
stimulating effect on growth and synthesis of
biosurfactants by strains of G. rubripertincta UCM Ac-
122 and R. erythropolis Au-1.
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Introduction

Microbial synthesis of surfactants is a perspective direction of biotechnology.
Biosurfactants attract considerable interest due to their potential advantages if compared
with their synthetic analogues in many fields of environmental, food, biomedical and other
industrial applications. However, several factors limit the large-scale production of these
compounds, in particular, the low yield of a product and the high cost of downstream
processes. Therefore, important tasks are to search new active microorganisms-producers,
to increase efficiency of biosurfactant’s synthesis and to make technology of biosurfactant
production cheaper [1, 2].

It was established that the bacterial strains Gordonia rubripertincta UCM Ac-122 and
Rhodococcus erythropolis Au-1 from the collection of microorganisms of Danylo
Zabolotny Institute of Microbiology and Virology, National Academy of Sciences of
Ukraine are perspective producers of biosurfactants [3, 4]. These bacteria synthesize
exogenous polymers (EP) with emulsifying properties and complexes of surfactant lipids,
the main component of which are trehalose lipids (TL). It is known that Actinobacteria, in
particular of genus Rhodococcus, are able to consume actively a wide range of water-
insoluble carbon sources. The microbial cell wall of these bacteria consists mainly of
mycolic acids and trehalose lipids, so it is cognate with hydrophobic substances [5]. Based
on these data, the cultivation of actinobacteria for accumulation of biomass and cell-bound
surfactants is often conducted on nutrient media with hydrophobic carbon sources,
particularly, with hexadecane (HD) [6], but the use of this substrate is impractical from the
economical point of view.

The use of the alternative substrates such as agro-based wastes is one of the attractive
strategies for economical biosurfactant production [7]. In particular, it was shown that the
cultivation of Acinetobacter sp. IMV B-7005 was carried out using a mixture of molasses
and fumarate [8], Nocardia vaccinii K-8 — glycerol [9], bacteria of the genus Pseudomonas
— overheated sunflower oil [1] and so on. However, the results of the studies do not resolve
all the issues of the optimization of biosurfactants technology.

Thus the aim of our work was to study the synthesis of biosurfactants by strains G.
rubripertincta UCM Ac-122 and R. erythropolis Au-1, using phosphatide concentrate (PC),
which is a by-product of rapeseed oil and diesel fuel production.

Materials and methods

Bacterial strains G. rubripertincta UCM Ac-122 and R. erythropolis Au-1 from the
Ukrainian collection of microorganisms of D. Zabolotny Institute of Microbiology and
Virology were used. Cultivation of bacteria was carried out using the following nutrient
medium (g/1): NaNO; — 3.0; yeast extract — 1.0; K;HPO, — 2.0; KH,PO, — 2.0;
MgSO4x7H,0 — 0.5; sodium citrate — 1.0 (pH 6.8-7.0). As carbon sources were used
hexadecane or rape phosphatide concentrate (trademark "Majola") of the following
composition (%): oil — 72.91; not fatty additives — 13.22; phosphatides — 12.39; moisture —
1.48. Microorganisms were cultivated in 750 ml Erlenmeyer flasks with 150 ml medium on
the rotary shaker (220 rpm) at 28-30 °C during 5 days.

Cells were separated by centrifugation at 6000 rpm for 15 min. The biomass was
determined by gravimetric method. The surface tension of CLS was determined by Du-Nui
method [10] with tensiometer KRUSS K6 ("KRUSS" GmbH, Germany).

For determining the emulsifying activity 10 ml of the culture liquid supernatant was
mixed with 10 ml of Vaseline oil during 2 minutes and transferred into a measuring tube.
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The emulsification index (E,;) was determined after 24 h as the ratio of the height of
emulsion layer to the total height of the liquid in the tube [10].

Lipids were extracted from cell mass and CLS with the mixture of chloroform-
isopropanol (2:1). This extract was evaporated under vacuum to constant weight.

Exopolymers were precipitated from CLS by acidification with 10% hydrochloric acid
to pH 3, then the mixture was kept at 4°C for 12 h. The precipitate was separated by
centrifugation (6000 rpm, 15 min.), washed, filtered and dried to constant weight at a
temperature of 60°C.

Qualitative analysis of lipids was performed by thin layer chromatography (TLC) on
plates Sorbifil PTSH-AF-A-UF (CJSC «Sorbpolymer», Russia). Mobile phase [11]:
chloroform-methanol-water 65:15:2. Lipids were preliminary identified by spraying plates
with specific reagents:

a. 5 % alcohol solution of phosphorus molybdenum acid (total lipids);

b. 4-methoxybenzaldehyde reagent (glycolipids);

¢. 5% alcoholic solution of ninhydrin (peptide lipids).

The influence of biosurfactants on cultivation of Actinobacteria was studied by adding
their solution at a concentration of 0.01 g/l to the culture medium.

Results and discussion

The growth parameters of strains G. rubripertincta UCM Ac-122 and R. erythropolis
Au-1 on the nutrient media with phosphatide concentrate and hexadecane were studied. The
data from the experiments are presented in the Table 1.

Table 1
The growth parameters of the strains G. rubripertincta UCM Ac-122 and R. erythropolis Au-1 on
the nutrient media with phosphatide concentrate and hexadecane

Bacterial Carbon Surface Em.ul.sifyin g| Exopoly- Biomass, Biosurfac-
. tension, activity Eyq, mers, tants,
strains sources| \po o o/l g/l o/l
R. erythropolis HD 31,5+0,5 7,6+0,5 5,1+0,3 13,3+£0,7 | 3,36+0,20
Au-1 PC 48,5+0,5 60,6+2,3 9,540,6 10,1+£0,6 | 1,37+0,13
G. rubripertincta HD 39,7+0,2 55,7+2,8 5,8+0,4 10,4+£0,5 | 3,16+0,16
UCM Ac-122 PC 41,5+0,4 54,9+1,8 8,9+0,7 | 9,38+0,5 | 2,26+0,11

HD — hexadecane.
PC — phosphatide concentrate.

The increase of exopolymers content in 1.9 times, reduction of the biomass content on
23.9 %, and the cell-bound lipids — in 2.45 times was shown when the PC was used
compared to HD for cultivation of R. erythropolis Au-1. The CLS, obtained in the nutrient
medium with PC, had higher emulsifying activity (60.6%) then CLS obtained using HD
(7.6 %) (Table 1). Also, it was shown that the cultivation of G. rubripertincta UCM Ac-122
on the nutrient medium with PC (compared with the use of HD) caused the increase of
exopolymers content on 54% and reduction of the biomass accumulation and cell-
associated lipids (biosurfactants), respectively, on 9.8 % and 28.5 %. The emulsifying
activity and the surface tension of the CLS with PC remained practically unchanged (Table

1.
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The effect of the use of rape PC on the quality of the cell-associated lipids was studied.
The data are presented in Fig.1. It was shown that the R. erythropolis Au-1 strain produced
glycolipids: trehalose-mono-mykolates, trehalose-di-mykolates, trehalose esters and fatty
acids when uses both carbon sources. When the strain was cultivated on the nutrient
medium with PC, there was the increase of amount of phosphatidic acids and fatty alcohols,
also small amounts of peptide lipids were present. The strain G. rubripertincta UCM Ac-
122 produced glycolipids, peptide lipids and neutral lipids when using HD and PC (Fig.1).

R. erythropolis Au-1 G. rubripertincta UCM Ac-122

Fig.1. Thin layer chromatograms of cell-associated total lipids (a, b), glycolipids (¢, d) and
peptide lipids (d, e) of bacterial strains R. erythropolis Au-1 and G. rubripertincta UCM Ac-122.
The carbon source — hexadecane (a, ¢, ¢) and phosphatide concentrate (b, d, f):

1 — trehalose lipids; 2 — neutral lipids; 3 — peptide lipids.

It is known that the strain G. rubripertincta UCM Ac-122 synthesizes cell-bound
biosurfactants [4], so lipids were extracted from the cell mass. But the bacteria of genus
Rhodococcus also produce exogenous biosurfactants [6]. Based on these data, we studied
the presence of exogenous surfactants synthesized by R. erythropolis Au-1. It was showed
that the strain produces exogenous lipids, but their amount changes significantly depending
on the of carbon source — 2.95 g/l when rape PC was used and 0.98 g/l when HD was used
(Fig. 2). It was established that the total amount of surface-active lipids was unchanged,
but the concentration of exogenous biosurfactants was increased.

We used the thin layer chromatography for the control of composition of cell-bound
and extracellular lipids of strain R. erythropolis Au-1. It was shown that this strain during
growth in nutrient medium with hexadecane as carbon source synthesized small amounts of
exogenous lipids; but, the use of phosphatide concentrate can significantly increase the
production of those surfactants.

The investigated Actinobacteria are considered as promising producers of both
biosurfactants and exopolymers. The data on the production of EP by the strains R.
erythropolis Au-1 and G. rubripertincta UCM Ac-122, the yield of which lies within the
range 8.9-9.5 g/l depending on the bacterial strain and carbon source are presented in Table
1. The emusification properties of the selected EP with Vaseline oil were studied (Fig. 3).
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Fig. 2. Effect of carbon sources on the synthesis of biosurfactants by R. erythropolis Au-1
TL — exogenous lipids, the main component of which is trehalose lipids.
cTL — cell-associated lipids, the main component of which is trehalose lipids.
HD — hexadecane, PC — phosphatide concentrate.
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Fig. 3. Emulsification indices of the EP solutions of various concentrations with Vaseline oil

It was confirmed that EP is the main emulsification factor of the culture liquid
supernatant. Thus, the EP solutions (10 g/l and 5 g/1) have high emulsification activity, and
the further reduction of concentration resulted in decrease of the emulsification index E,,; to
42-48% depending on a producer.

Thus, CLS of Actinobacteria can be considered as effective emulsifiers. The stability
of the emulsions (28 days) of vaseline oil with CLS of the studied microorganisms,
obtained via cultivation on the nutrient medium with PC were studied as well. The data are
given on the Fig. 4.

——VUkrainian Food Journal. 2014. Volume 3. Issue 3 433



Biotechnology, Microbiology ——

70

H

Emulsifying activity E24, %

R. erythropolis Au-1 G. rubripertincta UCM Ac-122
Strain of microorganisms

W1 day B8 days 15 days (322 days 029 days

Fig. 4. The stability in time of the emulsions of Vaseline of with CLS
of the studied Actinobacteria
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Fig.5. Effect of trehalose lipids on the growth of strains of G. rubripertincta UCM Ac-122 and R.
erythropolis Au-1
PC * — carbon source phosphatide concentrate 20 g/1.
PC+TL** — carbon source phosphatide concentrate 20 g/l plus trehalose lipids (0.01 g/1).
EP — expolymers. TL — trehalose lipids.
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It was revealed, the emulsification activity of the CLS of the strain G. rubripertincta
UCM Ac-122 was rather high (around 40 %) during three weeks, while the the CLS of the
strain R. erythropolis Au-1 was losing its properties much faster.

It was shown, that the CLS of Actinobacteria, cultivated on the nutrient medium with
PC, have high emusification activity (their E,4 is 55-57 %). Emulsions of the bacterial CLS
with vaseline oil remain stable during 3 weeks.

It is known that biosurfactants can influence the permeability of cell membranes [12],
enzymatic activity [13] and are able to enhance the action of other substances [14]. Based
on these data, it was decided to study the effect of biosurfactants on the growth of R.
erythropolis Au-1 and G. rubripertincta UCM Ac-122 (Fig. 5).

We have found that the addition of the TL solution to the culture medium during the
bacteria growth had no effect on the quality of the produced biosurfactants. However, it
was shown that, depending on the strain, the increase in biomass and cell-associated lipids,
made respectively, 14.6 - 17.0 % and 13.9 - 15.5 % (Fig. 5). The concentration of
exopolymers was practically unchanged.

Conclusions

1. It was established that bacterial strains G. rubripertincta UCM Ac-122 and R.
erythropolis Au-1 effectively consumed the rape phosphatide concentrate as a carbon
source — the bacterial biomass was 9.4-10.1 g/1.

2. It was shown that biosurfactants were actively synthesized in the nutrient medium
with rape phosphatide concentrate — the content of a cell-bound lipids was 1.37-2.26
g/l. Moreover, the content of exogenous trehalose lipids — metabolites of R.
erythropolis Au-1 —has increased in 3 times if compared to the use of hexadecane.

3. The composition of biosurfactans synthesized by G. rubripertincta UCM Ac-122 and
R. erythropolis Au-1 was determined, they consist of glycolipids (trehalose
mycolates) phospho-, peptide and neutral lipids. The qualitative composition of
biogenic surfactants was practically unchanged when using different sources of
carbon.

4. It was shown, that CLS is an effective emulsifier, and the main factor which
determines its emulsifying properties is EP. The yield of expolymers made 5,1-9,5 g/l
depending on the strain-producer and carbon source.

5. It was established that the addition of the trehalose lipids (0.01 g/l) to a nutrient
medium during cultivation of actinobacteria coused the increase of biomass on 14.6-
17.0 % and cell-associated lipids — on 13.9-15.5 %, the amount of exopolymers
remained unchanged if compared with the control.

6.  Therefore, the rape phosphatide concentrate is a promising cost-effective carbon
source for microbial surfactants technologies.

Investigations  were  conducted in  the
framework of the project STCU 5965
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The influence of design parameters of rotary dryer on
sunflower seeds drying

Roman Yakobchuk

National University of Food Technologies, Kyiv, Ukraine

Abstract
Keywords: Introduction. In order to improve the drying of
sunflower seeds in the apparatus of the rotary type, it is
Sunflower appropriate to model processes in this devices using
Drying computer simulation software.
Rotary Materials and methods. Simulation of sunflower
Dryer seeds drying was based on the finite element method using

the software package Flow Vision (company "TUSYM")
and mathematical and statistical methods.

Results. Mathematical models were obtained that show
the dependence of pressure of coolant (air) in the drying
Received 09.06.2014 chamber of rotary dryer on the rate of the coolant, the open
Received in revised form cross-sectional area of the gas distributor plate and its
19.07.2014 resistance, the dependence of duration of sunflower seeds
Accepted 02.09.2014 drying on fill factor of the drying chamber and its volume
as well as the final material moisture content.

The equilibrium distribution of the coolant pressure in
the drying chamber of rotary dryer was obtained. It
provides a constant height of the fluidized bed of
sunflower seeds and quality of its drying.

The design of rotary dryer was improved by providing
the tangential supply of coolant and installing a spiral
partition under gas distribution grid, which allows to

Article history:

Corresponding author:

g?rr;;?: Yakobehuk uniformly distribute the coolant in the drying chamber.
yakroman@ukr.net Conclusion. The drying process of sunflower seeds in
a rotating dryer was improved. It is advisable to use the
experimental result when choosing the mode of drying at
the design stage of drying equipment.
Introduction

The existing constructions of dryers consist of different elements designed to heat the
air and to mix the cold air with coolant, heat chambers, drying chambers, chambers for
mixing dried grains with wet, chambers for cooling grain and its maturing, and so on. There
are a number of different methods and classifications of dryers depending on the
combination of these elements. Designs of dryers influence such process parameters as
temperature, duration of staying of the product in the dryer and temperature distribution in
the fluidized bed height.
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When choosing a dryer for sunflower seeds drying there are problems associated with
changes of oil quality indicators, the destruction of bran covering through drying, fire
hazard, the uneven heating and drying, increased coolant flow, low productivity and long
duration of drying.

Therefore there is a question for choosing the rational design of dryers for drying of
sunflower seeds or improving the existing ones.

After analyzing the existing designs of dryers for sunflower seeds drying, their
advantages and disadvantages the rotary dryer with fluidized bed was selected for
improvement, which will provide drying of sunflower seeds with minimal materials
consumption, low energy intensity and reasonable performance. This is achieved by using a
sectional dryer, which provides a tangential supply of heat to the mixed seed and by
installing of partition under the grid, which provides the same height of the fluidized bed
through cross section of the dryer and uniform drying of sunflower seeds.

Fluidized bed dryers are widely used in the food industry due to the simplicity of
constructional design.

This paper presents the investigation of the infenence of constructional features of the
improved design of rotary dryer on drying process of sunflower seeds.

The technological value of sunflower seeds is determined by its oil content that is
important to maintain during drying. During the drying process synthesis or decay of fatty
oil components can occur. The direction of these changes depends on the seed moisture,
temperature and duration of the drying process. Under optimal mode of drying oil content
in sunflower seeds increases. Accompanying substances contained in the seeds such as
phosphates, carotenoids, sterols, waxy substance, passes to the oil.

The problem number one at present is the development of new methods for drying of
grains and oilseeds, creating of small dryers, and in particular improving of dryers with
fluid (boiling) layer known for its high efficiency and speed of drying, simplicity of
construction and operation, performance quality and flexibility of drying process control.

Recently in addition to physical models mathematical models are often used when
creating new types of equipment and improving of existing ones. These calculations allow
to follow the technological processes in the equipment and optimize them with less time
and material resources.

Materials and methods

At present the patterns of structural effects arising from the interaction of fluidized
(boiling) layer and the degree of influence of these effects on the intensification of heat
transfer process are not carefully studied. To determine the expediency of the use of rotary
dryer during the drying of sunflower seeds, it is necessary to conduct further invessigation
and mathematical modeling.

The software package Flow Vision was used to simulate the coolant motion, its
velocity vector distribution and determine the pressure in the drying chamber, to build
diagrame and visualization of the nature of air motion and to obtain the experimental data.

The geometric model of the drying chamber was developed to determine the main
design parameters of the equipment and rational modes which are able to ensure the
effective implementation of the drying sunflower seeds in graphics editors (Fig. 1). The
model of air chamber was developed to study the air flow motion under the drying grid

(Fig. 2).
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Fig. 1 The geometric model of the drying chamber and blades

Fig. 2 The model of air chamber and partition

The procedure of the research in the software package Flow Vision consist of the next
step:

1. Open the Flow Vision file with the studied model.

2. Choose the mathematical model for calculation using the available models in the
program complex Flow Vision and the calculated parameter. In our case the calculated
model is "Incompressible fluid" because the laws of this model fully meet the challenge.

3. Imput the boundary conditions for model. Boundary conditions should be three: the
coolant outlet boundary conditions, boundary conditions of the chamber wall, partitions,
blades, shaft, grid, and boundary condition of coolant input.

4. Input the physical properties of the model.

5. Specifiy the number of computational cells along the each axis of the coordinate
system of the model.

6. Specifiy criteria for mesh adaptation for solution and boundary conditions.

7. Specifiy the parameter of calculation methods .

8. Start of calculation without user intervention.

9. Viewing the calculation results in graphical form (visualization of the results of the
calculation ).
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10. Defining and saving of numerical calculations of the parameters in the form of
files.

11. Evaluation of the accuracy of calculations.

After the simulation such images of the results are expected to get (Fig. 3...5):

Fig. 3 Simulation of motion (velocity) of the Fig. 4 Velocity distribution in the cross
coolant at the bottom of the chamber under the section of the drying chamber
partition

Fig. 5 Distribution of pressure in the cross section of the drying chamber as fill

Typically, the static model is supplied in the form of linear or non-linear, algebraic or
transcendental equation or system of equations or inequalities. If information about the
dependence of the characteristics is insufficient for their accurate identification or
connections are random, the object of modeling will be considered as a "black box" for
which only inputs and outputs are allocated, and internal communications are considered
unknown.

440 ——Ukrainian Food Journal. 2014. Volume 3. Issue 3



— [lpouecu ma obnadHaHHs xap4osux supobHUYMe

X Consider the situation when the object
— hes one output variable and number of input
X OFT ¥ variables. Such objects in the conceptual model
—Xgh are presented in the form shown in Fig. 6,
where X;, X,, X3 are input variables (factors.

regressors), Y is output variable (review). To
establish the optimal technological regime of
drying of sunflower seeds it is necessary to
develop a mathematical model of the process
by full factorial experiment.

Fig. 6 General scheme of mathematical
and statistical model

Results and discussions

The main objective of the study is to analyze the distribution of coolant and intensity
of the drying agent under the drying chamber and the equal pressure above the grid, as this
factor is one of the key figures in obtaining high-quality parameters of drying. When drying
it is necessary to enable the optimal conditions for the process: the speed of the coolant
should be 1...2 m/s, the open area of the grid through which the coolant passes should be
0,01...0,05%, the grid resistance during the passage of air through the openings should be
0,75...0,9. High speed contributes to a sharp increase in energy consumption.

It was found that the maximum rate of the air (coolant) occurs at the entrance to the
chamber, then after hitting the walls its speed decreases and movement occurs in the radial
direction.

Analyzing the distribution of vector velocity of the coolant in the drying chamber, it
was found that the greatest air velocity is observed near the walls of the drying chamber, as
the rotating blades of the dryer accelerate the movement of the air particles, which taking
run bump on the walls of the shell. The layer of sunflower seeds begins to twist forming
circulation areas. Closer to the center of these areas the speed reduces because of the
reduced radius of the area where the coolant motion occur. The flow is aligned higher
forming a fluidized bed and is drawn with drops of water through the pipe of coolant
drainage.

According with outbreaks of vector velocity of the coolant it was found that the layer
of the air captured by blades of rotary dryer form funnels moving along a spiral trajectory.
Under the action of gravity component funnels evenly distribute throughout the volume
between the blades forming circulation areas. This facilitates the process of fluidized bed.
In this state, the layer resembles a boiling liquid acquiring some of its properties. Also the
close contact is achieved between sunflower sund and drying agent that intensifies the
drying process.

Analyzing the distribution of the coolant pressure in the drying chamber it can be seen
that a significant impact on its distribution in the fluidized bed hes the pressure of the layer
and the grid. That’s why the biggest pressure will be above the grid surface of the drying
chamber.

Also it was found that the pressure in the drying chamber is uniform through its height
and provides the equal height of fluidized bed. This would allow to dry sunflower seeds
evenly throughout its volume. The pressure is aligned over the blades since the fluidized
bed height is only 1450 mm while the height of blades is 1500 mm.

The lowest value of coolant pressure is observed at the inlet to the chamber and the
maximum on the wall. This is because the coolant enters the cell, and then moving over the
grid pressure on the chamber walls and consequently increases.
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Simulation of the coolant velocity showed the turbulence in the lower chamber, in a
fluidized bed, between the blades and over them. It was found that the larger area of contact
of the product with the coolant will be the more intensive will be the drying process.

Analyzing the results of the investigation it can be said that the pressure in the
chamber is uniform over its height. It would allow high-quality to dry sunflower seeds in a
fluidized bed forming the same height of fluidization.

The improved design of rotary dryer (patent 77691, UA) works as follows.

Rotary dryer (Fig. 7 ) consists of three chambers: the upper drying, the middle drying
and the lower cooling. Wet granular material is introduced into the upper drying chamber 1
while the coolant is fed through tubes 2 above the partition 11 below the grid 4 into the
drying chamber 1, creating a fluidized bed. The product is moved by means of the blades
10 driven by drive 8 through shaft 5. The spent coolant is removed through the nozzles 3 to
the atmosphere from loading zone to unloading zone. The placement of partition 11 below
the grid 4 and the tangential supply of the coolant allow evenly to distribute the coolant
throughout the volume of the drying chamber and to provide the equal height of the
fluidized bed product that will intensify the drying process. The drying of seeds in each
sector is carried out periodically. The dryer runs continuously.

The seeds moisture decreased from 18...20 to 5...9 % per cycle duration approximatdy
in 8 min. (drying 4-5 min., cooling 2-3 minutes.) without degradation of the quality of seeds
during the drying of sunflower seeds in a rotating dryer at a temperature of coolant
160...170 °C and the height of layer 250 mm. In addition, this method of drying
significantly reduces the seeds infestation.

Similarly, the drying process takes place in all chambers. The coolant is fed with a
lower temperature in the cooling chamber. Fig.7b depicts the drying chamber, where the
drying agent enters the air injection chamber and then passing through the holes in the grid
enters the drying chamber. The material slowly moves to the unloading point into the
chamber below. Before being discharged the next section is cut off from the air by the solid
sector and is discharged through a special unit. The dried product is discharged from the
cooling chamber through a device 7. Pouring of the product from chamber to chamber
occurs through a hole in the grid.

An important factor to intensify the drying process in a rotating dryer is a uniform
distribution of the drying agent under the grid and fluidized bed height above the grid. For
this purpose the mathematical modeling was used for its investigation. Such calculations
allow to optimize the process and to obtain the numerical values of parameters that can not
be measured by existing instruments. To solve this problem the mathematical and statistical
models were developed to determine the pressure in the drying chamber and optimal
duration of drying.

The input parameters that influence the pressure in the drying chamber are: v, —
velocity of the coolant in the holes of gas distribution grid; ¢ — open cross-section area of
the grid; C — resistance coefficient of the grid. The input parameters that influence the
duration of the drying process are: f — fill factor of the chamber by material; V,. — the
volume of the drying chamber; w, = 5...10% — the final moisture content of the material.
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Fig. 7 The Rotary Dryer (a — sectional view of dryer, b — drying chamber):
1 - drying chamber; 2 - pipe of coolant supply; 3 - drainage pipe; 4 - perforated grid; 5 - drive shaft;
6 - boot device; 7 - unloading device; 8 - drive; 9 - tube; 10 - blade; 11 - partition

The mathematical models were defined using a full factorial experiment.
The mathematical model of the pressure in the drying chamber:

P=12,97-2,75- v.—1L5 _5’09.¢_0’03 _2,69%—_1’5.w_
0,5 0,2 0,5 0,02 )
-1 _ _ _ -1 _ _
_1’49.\@, 5C 0,82_0’07.415 0,03 C O,82+5’127.vl, 5 ¢-0,03 C-0,82
0,5 0,08 0,2 0,08 0,5 0,2 0,08
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The mathematical model of the duration of the drying process:

_ 1 -
r=9,72+4,1575.2 O’3+5,5625~—V“"°'5 30162705
-0,3 v, -15 - -7,5 V,. —15 @,-17,5
+0,5175-ﬂ 0.3 Ve —1,2~ﬂ 0,3 @ -7, -0,6. W, - 2)
0,2 5 0,2 2,5 5 2.5
— _1 _
_2’7175.[3 0’3Vdc 5.602 7,5
0,2 5 2,5

The obtained mathematical models allow to calculate the required parameters of
drying of sunflower seeds and ability to influence the quality of the final product.

Conclusion

1. The design of rotary dryer was improved. The installing of tangentially placed nozzles
and spiral partition in the lower chamber were confirmed by the results of studies
performed using the software package Flow Vision.

2. The proposed reconstruction makes it possible to evenly heat and dry the product in a
fluidized state at any point of intersection of the drying chamber without disturbance of
its properties.

3. Mathematical models for determining the pressure of the coolant in the drying chamber
and duration of drying of sunflower seeds were obtained that allow determining the
optimal working modes of dryer.
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Introduction. The relevance of the topic is
determined by the wide using of suspended bed apparatus
during the heat treatment of dispersed materials.

Materials and methods. Analytical studies were
carried out using the classical provisions of gas and fluid
mechanics and technical fluid mechanics. Physical
experiment was done on the development of industrial
design multistage shelf device.

Results and discussion. The mathematical model to
calculate the residence time of a particle in shelving unit is
developed, its adequacy confirmed by experimental
studies. The model can be applied for the drying, cooling,
granulation processes calculation. The residence time of a
single particle on a shelf in operating mode from 2 to 20
seconds, depending on the constructive execution shelf
and the gas flow rate. The mutual influence of particles
during their stay on the shelf increased by an average of 40
times. For the regime of particle motion in fluidized bed
(constricted movement) the maximum time can be up to
20 minutes. Changing the angle of the shelf and its length
has little influence as compared with a change in the
hydrodynamic regime of gas flow. Design of shelf
significantly affect the residence time of the particles in
the apparatus only in compressed motion regime. This
work theoretically and experimentally proved the
existence of different regimes shelf apparatus.

Conclusions. The influence mechanism of design
shelf and hydrodynamic regime of the gas flow on particle
residence time in multistage gravity shelf apparatus is
established. The research results are the basis of
engineering calculation of equipment with a vertical
sectioning of the workspace.
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Introduction

The most widely in the chemical and food technology convective method of heat
treatment is widespread [1-3]. It involves the transfer of heat from the coolant (air, inert
gases and smoke) to the surface of the material during heating.

One of the methods of convective heat treatment is material contact with the coolant in
suspended or semi suspended state [4-8]. It can take place in drum apparatus, the fluidized
bed apparatus, pneumatic tubes-dryers [9-13].

Each of mentioned types of equipment is characterized by certain disadvantages.
Drum machines and the fluidized bed apparatus have large sizes and significant power
consumption. Pneumatic tubes drying do not provide the required contact time of wet
material with coolant and characterized by a large height.

In recent years carried out a search for new highly efficient methods of convective
heat treatment of granular materials. Gravity machines with vertical sectioning of interior
space (shelving units) are one of the most perspective designs. It occupies an intermediate
position between fluidized bed and pneumatic tubes devices. Specific air flow in such
devices smaller than in the case of fluidized bed (0,5-0,6 kg/m’ against 1,4-2,8 kg/m’), unit
load by the product for the same types of equipment — 0,1-0,5, and 15-20 kg/(m*s)
respectively [14].

These types of devices are used in industry as air classifiers, coolers, dryers. The use
of multistage contact between gas and grains on cooling section of vortex pellet is proposed
[A method for producing granules in suspended layer and device for its implementation,
application No0.a201403429, 03.04.2014]. At
the residence time of the material in these ,#
devices exert major influence organizing gas "~
flow movement and design shelf contacts. |

Objective - to develop mathematical N' C
instrument to calculate the residence time of T:
the dispersed phase in the multistage shelf GSU |
devices, experimental verification of the

; — L, —
adequacy of mathematical models. \

Materials and methods \

\

In this work the analytical and

experimental methods are used. —1 |
Mathematical modeling of hydro- n
dynamic flows was carried out on the basis L' T2

of classical mechanics provisions of liquid,
gas and technical hydromechanics. Solving

equations of the mathematical model was Fig. 1. Schematic diagram of the
conducted by using the computer algebra experimental setup for the study of
system Maple 12. hydrodynamics shelf devices:

Experimental studies carried out on  F—fan; GSU — gravitational shelf unit;
research and industrial models multistage € — cyclone; Ty — container (tank) for source

shelf devices. The experimental setup is  material; ,
presented in fig. 1 T, — container (tank) for waste material.

1 — the air; 2 — exhaust air; 3 — cleaned exhaust
air; 4 — the initial material; 5 — waste material;
6 — fine material
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Air flow consumption is controlled by diaphragm chamber as the primary instrument,
measuring differential pressure transducer and an analog device. Changing the air flow was
conducted by using sliding latch that is located after the fan.

Consumption of particulate material is controlled by flow meter of bulk materials.
Changing the particulate material consumption carried out by dosing device that is located
on the pipeline granular material.

The distribution of the gas flow velocity in the workspace shelf device was
investigated, using 5-channel spherical aerodynamic probe. Aerodynamic probe pulse
pipelines connected to the micromanometer that was registered data measurements.
Calibration of the probe is executed by Prandtl (Pitot) tube in an aerodynamic tube with
strong orientation in space.

The residence time of the particles in the volume of the device controlled with a
stopwatch. For compressed motion of particles on the shelf, the method "tracer" particles
are used. As a model material polypropylene granules with a size of 2-3 mm are used. For
granules first calculated (early fluidization velocity) W,; and then (initial speed of particles)
W, critical velocity gas flow [15].

Reliability of the experimental results caused by the use of exhaust practice methods.

Results and discussion

Consider the motion of a particle between shelf spaces (fig. 2).

If the working gas velocity in the holes is W>W,; it will be kept in suspension until
achieving value W=W,,, which causes it passing. If air velocity is W<W,,, then
thisAW =W,, -W difference will result in movement of the particle velocity down. If

W<Wy,, particle will move in a gravitational mode falling layer with a sharp decrease in the

L

residence time on the shelf. Time 7 movement along
the shelf at an angle y =90 ° and length L is equal to

L
T=—". 1
NG (1
In the case when shelf set at a slight angle (in
practice within the 10-35°), the speed AW that

characterizes the motion of a particle from top to

bottom have a rolling component F,. = f(AW -siny), 1
because the normal pressure force particles on the shelf
are F = f(AW-cosy) and therefore, the normal Fn
components of acceleration and speed will be Fg
compensated normal reaction of shelf N (fig. 2). Fig. 2. Power Analysis of

Thus, the movement of particles along the shelf by particulate material on an
the equation inclined shelf contact:

L Fy — gravity, N;
= (2) F, — rolling force, N;
AW siny F, — normal pressure force particles

aty =90’ in the previous expression simplifies to (1). on the shelf, ;

N - shelf reaction, N,

y — shelf angle to the horizontal,
deg;

1 — the body of apparatus;

2 — perforated sloping shelf
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The ratio of particle time along the shelf inversely proportional to the sine of the angle of
inclination of the shelf:
7, sin
L 22h 3)
7, siny,

From these considerations we can determine a constructive influence on particle
residence time between shelf spaces. For example, reducing the angle of the shelf, achieved
an increase in the residence time of the dispersed particles at this stage.

Calculation results of the residence time of single particles on the shelf under different
conditions are presented in fig. 3.
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Fig. 3. The residence time of particles on the shelf (single particle motion)

Equation (2) to determine the particle residence time on the shelf that moves
independently of the other particles is considered its free movement. This free movement is
observed only at low volume content of the dispersed phase in the two-phase system
(6<0,01 m’/m’), where the distance between the particles is such that there is not any
collisions or mutual influence of particles. At 0>0,01 m*m’ (compressed motion of a
particle) system behavior changes: the distance between the surfaces of particles or
dimensions aisle between particle become smaller of their diameter. The particle cannot
freely slip between two other [16-18]. It is necessary to consider the effect of collisions of
particles with each other. In addition, the collision of particles in two-phase system may
also occur in the case where the dispersed phase consists of poly disperse particles or
particles with different density.

Consideration of phenomenon of compressed particle motion and power of interfacial
interaction is possible with the introduction coefficient of particle stringency y.

For coefficient of stringency, particles based on different schemes of arrangement
obtained different formulas [19,20]. Specifically, the scheme with the free falling calculated
by the formula

x=01-6)", (4)

where 6 = 0,6 (free backfill of random nature [19]); m = 3-5[15].
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Therefore, the expression (4) takes the form
L.
r= X 5)
AW siny
Calculation results of particle residence time on the shelf in compressed regime
motion for different initial conditions are presented in fig. 4.
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Fig. 4. The residence time of particles on the shelf (stringency particles motion)
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Fig. 5. The particle residence time on the shelf with length L = 0, 2 m (single particle motion):
a—-y=25% b—-AW=0,2m/s

In figs. 5,6 the experimental results of determining the particle residence time on the
shelf in its single mode and compressed motion depending on the angle of the shelf and the
difference of velocities according to formulas (2) and (5). The obtained results allow us to
determine the total particle residence time in the working space of the machine depending
on the number stages contact with the gas flow and shelf design.
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(stringency particles motion):
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Comparison of theoretical calculations of the particle residence time on the shelf in
the range m from 3 to 5 in formula (4), and experimental determination of this parameter (in
the case of compressed motion of dispersed particles) gives satisfactory results (fig. 7).
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Fig. 7. The particle residence time on the shelf with length L = 0,2 m
(compressed motion of particles):
a—y=25% b—- AW =0,2 m/s;
1 — theoretical calculation range; 2 — experimental data

In fig. 8 shows the data of experimental research of dispersed particles residence time
on a shelf in compressed motion mode with regard to operating mode of shelf apparatus.
Research results indicate a sharp increase in dispersed particle, residence time on the shelf
at weighted layer (zone III) and closer to zero particle residence time on the shelf when you
reach a second critical gas flow rate (removal of particles from the weighted layer zone V).
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Fig. 8. Experimental study of particles residence time on the shelf in compressed motion regime
(L=0,2m, y=25°:
regimes (according to [21]):
I - falling gravitational layer regime;
II — first transitional regime;
III — weighted layer regime;
IV — second transitional regime;
V — entering particulate material regime

Conclusions

1. A theoretical model for calculating the particle residence time on a shelf in a multistage
apparatus.

2. The features of the calculation of particles residence time of it single and compressed
movement on the shelf.

3. The influence of shelf design and hydrodynamic motion of the gas flow on particle
motion duration on the shelf.

4. Tt is proved that the design of the shelf significantly affect particles residence time in
the apparatus only in its compressed motion regime.

5. According to the calculation of residence time particles on the shelf proved the
existence of different hydrodynamic regimes of operation.

6. The results of the analytical solution of the equations of the mathematical model are
confirmed experimentally.

452 ——Ukrainian Food Journal. 2014. Volume 3. Issue 3



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

— [lpouecu ma obnadHaHHs xap4osux supobHUYMe

References

Smith R. (2005), Chemical process Design and Integration — Chichester, John Wiley &
Sons.

Pupinis G. (2008), Grain drying by use of changeable air flow method, Agronomy
Research, 6(1), pp. 55-65.

Wanjari A. N., Thorat B. N., Baker C. G. J. at 1. (2006), Design and modeling of plug flow
fluid bed dryers / Drying Technology, 24, pp. 147-157.

Wen-Ching Yang (2003), Handbook of fluidization and fluid-particle systems, Marcel
Dekker, New York.

Husain S., Akihiko H., Naoto H. Heat and mass Transfer Analysis of Fluidized bed Grain
Drying (2007), Memories of the faculty of engineering, Okayama University, 41, pp. 52-
62.

Shilton N.C., Niranjan K. (1993), Fluidization and its application to food processing, Food
structure, 12, pp. 199-215.

Mowla D., Montazeri H. (2000), Drying of particles in batch Fluidized Beds, J. Aerosol
Sci., 31, pp. 793-794.

Okoronkwo C.A., Nwufo O.C., Nwaigwe K.N. at all. (2013), Experimental evaluation of a
fluidized bed dryer performance, The International Journal of Engineering And Science,
2(6), pp. 45-53.

Mujumdar A. (2007), Handbook of Industrial Drying, Taylor & Francis, New York.

Rao Patnaik K.S.K., Sriharsha K. (2010), Granule Growth Mechanism Studies in a
Fluidized Bed Granulation, International Journal of Chemical Engineering and
Applications, 1(3), pp. 282-286.

Srivastava S., Mishra G. (2010), Fluid Bed Technology: Overview and Parameters for
Process Selection, International Journal of Pharmaceutical Sciences and Drug Research,
2(4), pp. 236-246.

Khanali M., Rafiee S. (2014), Investigation of Hydrodynamics, Kinetics, Energetic and
Exergetic Aspects of Fluidized Bed Drying of Rough Rice, International Journal of Food
Engineering, 10(1), pp. 39-50

Mortier S.T.F.C., De Beer T., Gernaey K. at all. (2011), Mechanistic modelling of
fluidized bed drying processes of wet porous granules: A review, European Journal of
Pharmaceutics and Biopharmaceutics, 79(2), pp. 205-225.

Tadeusz Kudra T., Mujumdar A. (2002), Advanced Drying Technologies, Marcel Dekker,
Inc., New York.

Gidaspow D. (1994), Multiphase flow and fluidization: continuum and kinetic theory
descriptions with applications, Academic Press, Inc, San Diego.

Hiltunen K., Jasberg A., Kallio S. at all. (2009), Multiphase Flow Dynamics. Theory and
Numerics, Edita Prima Oy, Helsinki.

Khanali M.,Rafiee S., Jafari A. at all. (2012), Study of Residence Time Distribution of
Rough Rice in a Plug Flow Fluid Bed Dryer / International Journal of Advanced Science
and Technology, Vol. 48,2012, pp. 103-114.

Renaud M., Thibault J., Alvarez P. I. (2001), Influence of solids moisture content on the
mean residence time in a rotary dryer, Drying Technology, 1, pp. 2131-2150.

Gorbis Z.R. (1970), Heat transfer and hydromechanics of dispersed cross steams, Energiya,
Modcow.

Setty Y. P., Kumar G. V., Srinivas G. (2011), Drying of Solids in a Circulating Fluidized
Bed, The IUP Journal of Chemical Engineering, 111(4), pp. 7-16.

Artyukhova N.O., Yuhimenko M.P. (2013), Experimental study in hydrodynamics of
flows’ traffic on cascade of shelves in a multistage gravitational dryer, Visnyk of Sumy State
University, 1, pp. 42-51.

——Ukrainian Food Journal. 2014. Volume 3. Issue 3

453



Life Safety ——

Modern aspects of occupational safety at meat industry

enterprises

Olga Evtushenko, Alina Siryc

National University of Food Technologies, Kyiv, Ukraine

Keywords:

Safety
Work
Injuries
Risk
Accident

Abstract

Article history:

Received 04.05.2014
Received in revised form
16.07.2014

Accepted 02.09.2014

Corresponding author:

Introduction. Analyzing causes of injury on Meat
Processing Plants give an opportunity to create reasonable
and effective ways of prevention and decreasing risks of
workers injuries.

Methods and materials. The method of an accidental
statistical analysis is used during the studies to define
general traumatical tendencies in the meat industry of
Ukraine which happened within 2003 — 2013 years as well
as the method of a priori ranking factors on the results of
the expert survey.

Results and discussion. The stage of industrial injuries
in the meat industry of Ukraine during 2003-2013 is
analyzed. The results of the analysis of the distribution of
occupational injuries from machinery, equipment,
vehicles, devices the usage of which led to the accident are
presented. Identified the most common traumatic factors
and jobs | in the meat industry of Ukraine. Found the most
traumatic situations in the meat industry due to imperfect
safety guard in moving parts of equipment (26%), lack of
blocking devices of drive stationary equipment (9%), and
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Introduction

Despite overall tendency of decreasing number of accidents in the Ukrainian food

industry, generally the average level of accidents and occupational injuries still is extremely
high.

Only during 2003-13 years there were injured over 9.86 thousands of people in the
food industry. The 633 of them died [Koshil O.G., Kostrovenko L.N. (2014), Statistical
bulletin. Accidents at workplace in 2003 — 2013, State Statistic Committee of Ukraine, 2004
-2014).

The result of researching showed the meat industry is one of the most dangerous and
traumatic among observed industries.
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The study of the conditions and safety, as well as other potential causes and
circumstances of occupational injuries in the meat processing industry of AIC will give a
chance to develop reasonable and effective ways of preventing and reducing the risk of
injury to workers in the sector.

Aim: to provide an analysis for discovering potential reasons and sources of
occupational injuries of the meat industry workers.

Objects of researching: conditions of work in the meat processing industry during
2003-13 period.

Material and methods

The research is based on the example of Ukraine meat industry of different capacities.

Occupational injuries are investigated. Industrial accident is the phenomenon which is
characterized by mixture of on-work industrial injuries and accidents.

The research is made with the help of using the method of industrial accidents
statistical analysis occurred in meat industry enterprises of Ukraine during 2003-2013 to
define general traumatical tendencies in the meat industry of Ukraine as well as the method
of a priori ranking factors on the results of the expert survey.

Results and discussions

For the analysis and assessment of safety in the meat industry due to incompletely
statistics in the field of agriculture about factors that affect the safety it's reasonably to use
the method of expert estimations. The reliability of peer review is based on the assumption
that in the case of coordination of experts’ estimation the reliability is guaranteed [1].

Usage of peer review assumes that the opinion of the expert group is more reliable than
the opinion of individual experts [1-2]. The method of collective peer review was very
widespread and is commonly used to transfer the experience of leading experts in almost all
fields of knowledge and production [1-2].

The three groups of experts took part in research: representatives of labor services and
engineering and technical personnel of enterprises of the meat industry, scientific workers
of universities and research institutes.

Total number of involved experts — 25 people. To avoid false data it was provided
anonymity, but it was taken into account the data that characterize the age, experience,
position and education.

Based on the analysis of regulations by the form of H-1 and 7-THB were developed
questionnaire survey for experts.

Based on the method of peer review in accordance with the requirements [1-2] the
performed data processing by method of a priori ranking factors in the following order:

1. The results of peer review data are presented in a matrix of rank.

Matrix of results of expert evaluation indicators

Experts < < Factors —
1 2 i

1 a, a, e . a;

2 a,, a,, . e a,

J a; a; a
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2. Calculates the sum of ranks for factors

5

where a;; — rank of each i —factor of j — experiment; m —number of experts; n — number
of factors.
3. Determination of the average amount of ranks:

n_.m

4. Calculated deviation from the average amount of ranks:

n -m
m 224
Ai =Zaij -
1 n
5. Identifying squares of deviations from the average sum of ranks, i.e. the sum of
squares of deviations:

m
s =Y (Ai)?
1
6. These data allow us to build high priori chart ranks, after assessing the degree of
agreement opinions of the group of experts on the importance of selected factors on the
coefficient of concordance (agreement), w:
12s

m*(n’ —n)—mZT,.
1

=

where T, =) (f =)

tj — number of equal ranks in j-ranking.
7. Testing conditions agreement of expert opinion:
w =1 —evaluation of all experts are the same;
w = 0 —experts gave different results and views.
8. Valuing coefficient of concordance was carried out on the criterion y2-distribution
with the number of degrees of freedom f=n—1.
The value of y2-criterion was got according to formula:

) 12s
X = m
mn(n+1)— ZT,

n—-145

The hypothesis about the availability of coordination of expert opinion may be
accepted, if the given number of degrees of freedom tabular 2 value less than estimated for
the 5% level of local importance.

Thus, the weight of each factor and the consistency of experts' opinions are determined
during the process of peer review.

Research of sanitation has showed that the level of whole-body vibration does not
meet 15% of the surveyed jobs, meteorological parameters do not meet the requirements in
35% of cases, the noise level — in 13% of cases, the results of measurements of artificial
and natural light — in 37 % of cases. Provision of household premises employees does not
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exceed 75%, in 48% cases there are no showers and rest rooms do not meet the
requirements of room for meals in the enterprises. Mandatory medical examinations in 50%
of cases not carried out in full and only formally [3].

At the place where the accident occurred, the most traumatic is the main production
workshops — (58%), auxiliary production workshops — (21%), area of enterprises — (11%),
vehicles — (13%).

The study shows that 83% of accidents occur during day shifts. The reason is that the
maximum number of workers in the first shift at work performs the greatest amount of
work with the slaughtering, processing carcasses deboned meat. The maximum number of
accidents (25% of the total) occurs at second and third hours from the beginning of the day
shift.

The distribution of occupational injuries according to types of traumatic factors is
presented in table 1.

The most common traumatic factor in the meat industry is that workers often were
injured by objects, parts that move, rotate (production equipment), including manual labor
equipment such as knives, saws etc. The injury of workers by conveyors and conveyor
elements is 26% of the total cases.

Table 1
The distribution of occupational injuries according to types of traumatic factors in the meat
industry of Ukraine, 2003-2013

Traumatic factor Percentage

Injury by objects, parts that move, rotate (production equipment), including 71
manual labor equipment such as knives, saws etc

Fall from the height 14

Transport accidents 12

Injury as result of explosions: tanks of fuel lubricants, pressure
vessels, steam and water heating boilers, fires

—
(=)

Injury due to a fall, collapse items, meat carcasses

Injury by plant vehicles

Hazardous and toxic substances poisoning

Injury by conveyor elements

Burns from hot water and steam

Injury by chemical solutions during processing equipment

Injury as a result of the collapse of building structures

Injury by electrical current

Effects of Tonizing radiation

Hypothermia

R |—=|WIWIW|R |||l

Other

Approximately 30% of accidents are not associated with the use of machines and
equipment: falls, fires, collapses of building structures, tanks explosions of fuel and
lubricants, the effect of chemical solutions during processing of equipment.

Road traffic accidents and injury by factory transport represents 19% of all
occupational injuries.

Approximately 5% of the cases are poisoning by harmful and toxic substances and
burns: hot water, steam.
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Especially traumatic types of work are: transportation, loading and unloading, repair
and maintenance of machinery and equipment.

Distribution of occupational injuries by occupation (for the most hazardous
occupations) is presented in table 2.

Table 2
Distribution of occupational injuries by occupation
in the meat industry of Ukraine, 2003-2013

Occupational groups Percentage
Driver 16
Livestock killer 16
Loader 12
Locksmith 12
Meat handler 12

Carcass handler

Meat workshop operator
Boiler room operator
Watcher

Engineer

Other

It was found ten occupational groups where was recorded the greatest risk of traumatic
situations: drivers (16%), livestock killer (16%), loaders (12%), locksmiths (12%), meat
handlers (12%), carcass handlers (8 %), meat workshop operator (8%), boiler room
operator (5%), watchers (3%) and engineers (3%).

For localization of injuries, according to anthropological data in the meat industry it
must be noted a large number of upper extremity injuries — 50% of all injuries.
Approximately 20% are broken bones of the skeleton, lower extremities, and 10% for head
injury. Mechanical injury were received by about 90% were workers, burns — 10%.

Also was admitted contribution of number of injuries according to the length of

work in enterprises of the Ukrainian food industry: 20 years or more (24%), 10 to 15
years (12%), from 5 to 10 years (11%), between 1 and 5 years (25%) 1 year (28%). This
can be explained solely by psychological factors in accidents; young workers (5 years of
experience) are not experienced in carrying out hazardous work. Employees with
experience of 5 to 20 years have more experience and therefore they are more cautious
when performing dangerous work. For workers with experience of over 20 years of
performing their assigned work partly accompanied by an extremely negative factor
"addiction" to the risks and hyperbole own experience of "standard situations" in their
work.

Consideration of the distribution of accidents by age showed that most injuries are
received by workers of the age to 40 — 63% of all injuries.

Technological equipment of most meat processing plants is obsolete and physically
lost time warranty. Much of the equipment used at slaughter and processing of livestock,
performs its technological features, but has virtually no defense mechanisms.

In 23% of hard character accidents the main reason is usage of faulty technique.
Traumatic situation caused by the imperfection of protective fencing equipment of moving
parts (26%), lack of blocking devices of stationary machines drives (9%), engine failure
(3%).
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Distribution of occupational injuries according to the most traumatic equipment for
meat processing industry is presented in table 3.

Table 3
The distribution of machinery, equipment, vehicles, machinery, vehicles, the usage of which has
led to an accident in the meat industry of Ukraine, 2003-2013

Source of accident Percentage
Steam and hot-water boilers 25
Conveyors 22
Equipment for the primary processing of livestock 17
Forcemeat mixers 10
Pumping stations 8
Electrically heated equipment 5
Lines of sausage production 5
Machines for meat dumplings production 5
Other 3

As it is seen from the table 3, the most dangerous equipment are: steam and hot-water
boilers, conveyors of different types, equipment for the primary processing of livestock,
forcemeat mixers, pumping stations, machines for meat dumplings production, lines of
sausage production etc. The poor organization of the labor process was named as the main
reason of great number of injuries (over 69%) [Koshil O.G. Statistical bulletin. Accidents at
workplace in 2003 — 2013 / Koshil O.G., Kostrovenko L.N. -K. : State Statistic Committee
of Ukraine, 2004 - 2014]: lack of discipline and control over the performance of work by
the supervisor (35%), access to work without appropriate training on health and safety
(14%), access to the work without proper training (5%).

Other organizational reasons include: the work at premises and production facilities
that do not comply to with building regulations; lack of personal protective equipment, lack
of necessary documentation (instructions for safety, outfits, tolerances, etc), and lack of
work mechanization. Also it is found that 20% of the victims were in a state of alcohol
intoxication.

Conclusions

The calculation of indicators of occupational injuries by peer review and analysis of
statistical data in the form of acts H-1 and 7THB that took place in the meat industry for the
period 2003...13, to determine the most important factors associated with the causes,
sources and circumstances of accidents cases almost by all classifiers.

The most common traumatic factor in the meat industry is damage done by objects,
parts that move, rotate (production equipment), including manual labor equipment such as
knives, saws, this factor creates 21% of total cases.

Were found ten occupational groups where was recorded the greatest risk of traumatic
situations and types of injuries received by employees of the meat industry.

A distribution of machinery, equipment, vehicles, machinery, vehicles, the usage of
which has led to an accident in the meat industry in Ukraine for the period 2003...13 years.

Found that most of the traumatic situation in the meat industry are caused by moving
parts equipment and lack of safety gears (26%), lack of blocking devices of stationary
machines drives (9%), engine failure (3%).
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Therefore, further important step in prevention of occupational injuries in the meat
industry will be constructive development of protective fencing and locking devices
equipment. Modeling of traumatic situations in the workplaces of meat processing plants.
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AHoTaiil

XapuoBa 6e3neka

238y, 2Th and 'K y 3pa3kax mmeHn4HOro 6opoiHa Ha punky Ipaky

Ali Abid Abojassim, Husain Hamad Al-Gazaly, Suha Hade Kadhim
Kyguncokuii ynisepcumem, Ipax

Beryn. [MmennuHe OOpOIIHO SIK TUIT Xap4yBaHHS LIMPOKO CIIOXKHBAETHCS PI3HUMH
BIKOBHMHU TpylaMu HaceleHHs B Ipaky. Mera [ochmijpkeHb - BHUBYEHHS HAasBHOCTI
JIOBIOBIUHHX JDKEpENl TaMMa-BHIIPOMIHIOBaHHS B PI3HUX TUIaX MIIEHUYHOro OOpOIIHA Ha
IpaKCbKOMY PUHKY.

Marepiann i meromu. [Tutoma axtusnicts (Bq/kg) ypamy (**U), topito (**°Th) i
xanito (*K) Gy BuMipsni B 12 Pi3sHMX THIAX MIICHHYHOTo GOPOIIHA, sKi TOCTYIHI Ha
ipakCbkOMy pHHKY. sl pagioOMEeTpUYHUX BHMIpIOBaHb BHUKOPHUCTAHO CIOCIO Tamma-
cnekrpomerpii 3 Nal(Tl)-merektopom. Po3paxoBaHO iHAEKC BHYTPIIIHBOI HEOE3NEKH,
€KBIBAJICHT PAJIiI0 1 IOIJIMHEHA J103a Y BCIX 3pa3Kax.

Pesyabratn Ta oOroBopenHsi. [IuTomMa akTHBHICTH y 3pa3kax OOpOIIHA MIIEHUII
BapitoeTbes Big 1,086 £ 0,0866 mo 12,532 + 2,026 Bg/kg 3a cepennnoi 6,6025 Bq/kg ms
280, mnst 2°Th - Bix 0,126 + 0,066 10 4,298 + 0,388 Bq/kg 3a cepennboi 1,9465 Bg/kg,
s K - Bix 41,842 + 5,875 o 264,729 + 3,843 Bq/kg 3a cepennboi 133,097 Bg/kg. Kpim
TOrO, €KBIBaJIEHT pail0 Ta I1HJAEKC BHYTPILIHBOI HeOE3NeKH B 3pa3Kax IIIEHHYHOrO
6oporHa konuBaroTees Bif 3,4031 mo 35,1523 Bg/kg 3a cepennix 3nauens 19,6346 Bq/kg i
Bix 0,0091 10 0,1219 i3 cepennim nokazaukom 0,0708 BiamoBiIHO.

BucHoBok. IHnmekcu mpupogHoi pagioakTUBHOCTI Ta pajiamiiHol  HeOe3neKkH
IIIEHNYHOTo OOpoIIHa Ha pUHKY [paky HIbk4l 3a HeOe3MeyHi piBHi.

KurouoBi ciioBa: padiakmuenicme, nuienuys, bopowro, xapuysanus, Ipax.

SIkicth mutHOI Boau B Iloabini

Jlinis Knoc
L]eyuncoruti ynieepcumem, I[lonvua

Beryn. [IpoBesieHo aHaii3 SIKOCTI MATHOI BOAM 1 CTYICHSI OCTYITY /IO BOJOMOCTAYaHHSI i
kaHanizauii B [lonbrmi.

Marepiaan Ta Meroau. 3aCTOCOBAHO METOJ| aHAJIi3y BTOPHHHUX CTATHCTUYHUX JAHHUX,
HasBHUX B Matepianax LlenTpanpHoro craructuuHoro Owropo y Bapmasi, Ilonscbkoi
rocrmogapuoi manatd B M. buaromy i HamioHambHOro ynpaBiiHHS BOJHHMH DPECypcaMH y
Bapuasi.

Pesynbratn Ta oOroopeHHsi. 60% TONAKIB HE3BaXKAIOUM HA JIOCTYIHICTH,
BBaXAETHCS 3a0pYIHEHOI0, MOXE MICTUTH H/UIMIIOK (TOpy abo He Mae BiANOBIIHUX
CHOXXUBYUX SIKOCTEH (KOIip, 3amax i cMak). AJie iCHyI04Yl CUCTEMH OYHIIEHHS BOAN MOXYTh
TIOMIIIINTH 11 SKICTh 32 PaxyHOK XJIOPYBaHHS, X04a i€ MOTIpIIye ii SKICTh IOPIBHSIHO 3
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YHCTOI IPHUPOJHOI0 BOMOK. Y pE3ylbTaTi BCE MEHIIE CIIOKHBAYiB M'IOTh BOAY
OesrocepenHbO 3 MiA KpaHa, 3MEHIIYIOTb BUKOPHCTAHHS BOJONPOBIAHOI BOOH IS
MIPUTOTYBAaHHS TKi, HAMAIOYKM IepeBary BOII B IULAIIKAaX. [IpHYuHA MOJSATae B TOMY, IO
CYCHJILCTBO HE JIOBipsie Oe3meli BOAM, sKa IOCTAYa€ThCA  MYHIIMIIATbHUMHU
BOJIONPOBITHUMH KoMIaHisiMH. [locTae muTaHHs, Y1 Mae BOHO pamito?

Bononposinna Boma B Ilomblii BiAmoBizae BciM CTaHAapTaM 3aBISKM IOCTIHHOMY
KOHTPOJIIO BOJHMX KOMIIaHiK 1 BUKOPUCTAHHS BIANOBIIHUX METOJIB OUMIlEeHHs. BogonposinHa
BOJA, IO IIONAEThCS 4YEPe3 CHUCTEMHM BOJOIOCTAYaHHS, MOXE  BHKOPHCTOBYBAaTHCh 0€3
MIOTIEPEAHBOr0 KUIT'ATIHHSL. JlOCIiIKEHHS MoKa3aliy, 110 Taki po0oyi napaMeTpy BOAM, SIK CMaK,
3amax i TBEPAICTh HE 3aBXKIM € 33J0BUIbHUMU. BOHM pi3HI B KOXKHOMY MICTi, a iHOAI 1 B pi3HUX
paiioHax MicTa, yepe3 10 KOPUCTYBaui BBA)XKAIOTh i HENPUIATHOIO O BXKMBAHHS. 3HWXKEHHS
[IOKa3HUKIB LUX HapaMeTpiB BOAU MOXKE OYTH JIETKO JOCSATHYTO 32 PAaxXyHOK BUKOPHCTaHHS
¢bibTpiB. 3a3HaYMMO, 110 3aBASKU IMOCTIHHOMY MOHITOPUHIY Ta iHBECTHLUSIM B MOJAEpHIi3alliio
porieciB 00poOKH, SIKICTh BOJOIPOBIAHOT BOIM OCTaHHIM YacOM 3HAYHO IOJIIIIINIACK.

BucHoBku. Pe3ynbraTu [03BOJIMIIM OLIHUTH SKICTh BOJOIOCTAUYaHHA W KaHamizawii, a
TaKO0X 3pOOUTH BUCHOBOK MPO SIKICTh BOJIH, AOCTYIHOI JU1sl suTeliB Ilonbiii.

Kumio4oBi ciioBa: goda, nummsi, éodonocmavanns, Ionvwya.

XapuoBi TexHosnorii

3HaveHHs OLVIKIB MOJIOKa y (pOpMYBaHHI CTPYKTYPH MOJIOYHUX NPOAYKTIB

Onbra Pubax
Tepnoninvcoruil HayionarbHuli mexuivnuil yHieepcumem im. leana Ilynios, Yxpaina

Beryn. CrpykTypa MOJNOYHHMX TIPOAYKTIB SBIISIE COOOK CKIATHY YIHODPSIAKOBAHY
B3a€EMOJIiI0 OUIKIB, JXHMpIB, BYIJIEBO/IB, MIHEpaJbHUX PEUYOBHMH 1 BOMM, IIO BHU3HAYAE
KOHCHUCTEHIIIIO i OpraHOJMIENTUYHI MTOKa3HUKH MPOIYKTY.

Marepianu i meTonu. J{ocmipKyBanuch KHCIOMOJIOYHI Haroi (Ha IpHUKIaai Horypry),
CHUpU CHYYXKHi, MOPO3UBO, 30MTi MOJIOYHI Ta 3aMOpOXKeHi (PPYyKTOBI aecepTH. 3poOiIeHO
aHaJTi3 HaykoBux crateid 3a 2000-2014 pik, a Takox AucepTariii i MoHorpadiii BUeHHX, sIKi
MPAIIOIOTh AAaHOI raly3i HayKu. MeTOMOoMIOrisl TOCHiPKEHHSI IPYHTYEThCSI HA BUKOPUCTAHHI
METO/IIB aHai3y, HOPIBHSIHHS i y3araJbHEHHSI.

Pe3ysnibTaTin Ta 00roBOpeHHsI. Y3aralbHEHO HAYKOBE PO3YMIHHS POJIi OUTKIB MOJIOKA Y
(opMyBaHHI CTPYKTYpd MOJIOYHMX MpONYKTIB. He3HauHi 3MiHM CTIPYKTYpH TIPOIYKTY B
pe3ynbTati 3MiHM KOMIIOHEHTIB YW TEXHOJIOTTYHHX MapaMETPiB MOXKYTh MPHU3BECTH IO 3MiHH
cTaOLIBHOCTI, KOHCHCTEHIIT 1 PEOJyIOriYHKX BIIACTHBOCTEH MPOAYKTY, IO CYTTEBO BIUIMHE Ha
TpoLIEC BUPOOHHIITBA.

3IaTHICTD 0 KOArysmii i JAi€l0 KHCIOro CepeoBHIa — I1e OCHOBHA (hYHKIIis OIIKIB
MOJIOKa, II0 BUKOPHUCTOBYETHCS MiJ 4ac (OPMYBAHHS CTPYKTYPH CHPY 1 KUCIOMOJIOYHHX
nponyktiB. [Ipy oMy GopMa i BIaCTHBOCTI MOJIOYHOI'O 3T'YCTKa 3aJIeXkKaTh BiJl TEIJIOBOTO
00poOIIeHHsT MOJIOKA TIepe]] CKBalIyBaHHIM. Y (OpPMYyBaHHI CTPYKTYPU MOpO3HBa, 30MTHX
MOJIOYHHX 1 3aMOpPOXEHHX (PYKTOBUX JIECEPTIB MOJIOYHI OULIKM TPOSBISAIOTH 1HIII
(yHKIIOHAJIbHI BJIACTUBOCTI: €MYJIbI'YBaHHS 1 YacTKOBa KOAJIECIEHIIiS KUPOBUX TJI00YI;
¢bopMmyBaHHS 1 crabimizamis IMHA y TpOIECi 30MBaHHS, 3aryliCHHS TUCIEPCIHHOTO
cepeoBHILa MPOIYKTY.
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BucHoBku. Pe3ynbraTé JIOLIIBHO BHKOPUCTAaTH Uil IOAAJBIIOrO BUBYEHHS
3aKOHOMIPHOCTI  ()OPMYBaHHS CTPYKTYpH MOJIOYHHUX IPOIAYKTIB 1 PO3pOOJICHHS
peKoMeHaalii mono ix e)eKTUBHOTO BUPOOHHIITBA.

KurouoBi ciioBa: 6i1ox, monoko, cmpykmypa.

OOrpyHTYBaHHS BHIY i KOHIIEHTPallil MOBEPXHEBO-AKTUBHUX PeYOBUH
IJ1s1 3a0e31e4eHHs CTilikoCTi miHOeMY/IbCiiHMX MPOAYKTIB

Oner Komsip, Auppiit ['opanbuyk, Onbra I'punuenko, Onbra Psbenp
Xapxiscokuii depoicasruil yHisepcumem xapuysarnHs ma mopeieii, Xapxis, Ykpaina

Beryn. Po3poOka cyxux cyminiell ajsi IpUroTyBaHHS IIHOMOAIOHOT Ta eMyIbCiHHOT
MPOAYKIIi € aKTyaJbHO, OCKIJIbKH CIIOCTEPITa€ThCsl TEHICHINS 3HIKEHHS 10 MIHIMyMY
BUTpaT dYacy Ha TpOIEeC NPUTOTYBaHHS 1Xi, IIO JOCATA€ThCSI BUKOPHUCTAHHIM
HamiB(aOpUKaTiB BUCOKOTO CTYIIEHS TOTOBHOCTI.

Martepianu i merogu. IliHOyTBOpIOIOUY 3MaTHICTH BH3HAYald METOJOM KpPaTHOCTI
IiH, CTIHKICTh HECTIMKMX ITH - METOAOM HAIiBpO3Maay IiH, BHCOKOCTIMKHX IH — SIK
BiJTHOIIICHHS BUCOTH CTOBIIA MIHMU MiCJISI BATPUMKHU BIPOAOBK 24 TOIMH.

Pe3yabraTu. BusHaueHO BIUIMB COHSIIHUKOBOI OJIii Ha MiHOYTBOPIOIOYY 3/IaTHICTh Ta
Nepiofl HammiBpO3Majay IiHH CUCTEM «Ka3eiHaT Hatpito-omisy. OTpuMaHHA cucTeM 3
BHCOKMMH TOKa3HUKaMHU MIHOYTBOPIOOYOI 3[aTHOCTI Ta CTIMKOCTI IiHM, 32 HAsBHOCTI B
cucTeMi OJlii, HEeMOXJIMBE 03 BUKOPHCTAHHSI HU3BKOMOJIEKYJISIPHUX TTOBEPXHEBO-aKTHBHUX
peuoBuH. OOIPYHTOBAHO PEKOMEHaNii 100 BHUKOPUCTAHHS IBOX ITOBEPXHEBO-aKTHBHUX
pEUOBMH y cHcTeMax «kazeiHaT Harpito-IIAP-omis», mo 3abe3nedyroTh HEOOXIAHY
CHOpIiJJHEHICTh MOBEPXOHb ITOBITPSHOT, )KUPOBOi Ta BOmHOI (a3. Bukopucranns 2,5...3,5%
MOHO- Ta JUINTILEPUIIB KUPHUX KUCIOT Ta Jenutuny 0,15...0,25% 3a BMicTy KkazeiHar
Hatpito 0,5% 1ae 3MOry omep)KaTH CTiHKI MIHOEMYJBCIHHI CHCTEMH 13 BMICTOM
COHSAIIHUKOBOT 011 7...8% Ta MHOYTBOPIOIOUYOKO 30aTHICTIO 640+£1%.

BucnoBku. /[ns 3a0e3nedeHHss BUCOKHX MOKa3HHMKIB MIHOYTBOPIOIOYOI 3JIaTHOCTI Ta
CTIMKOCTI MIHOEMYJbCIHHAX CHUCTEM HEOOXiJHE BHKOPUCTAHHS HU3BKOMOJEKYJSPHUX
TIOBEPXHEBO-aKTUBHUX PEUOBHH. Pe3yibpTaT pEKOMEH/JIOBAHO BUKOPHCTOBYBATH MpHU
PO3pOOII TEXHOIOTIH MHOEMYIBCIHHUX TPOAYKTIB.

KutiouoBi cnoBa: kazeinam, ninoymeopenHs, cmitikicmo.

Po3podxa TexHoJOriYHUX pesKMMIB MiATOTOBKH MiHEpaJIbHOI BOIH
JJIsl CIOPTUBHUX HAMOIB

Ipuna Koasnenko, Oner Bacunis, Onena KoBaneHko
Odecvka nayionanbHa akademis Xapuosux mexnHono2it, Yxpaina

Beryn. HaykoBe pocmimkeHHS NpUCBSUEHE pO3POOLI TEXHOJOTIYHHX PEKHMIB
OIPiCHEHHS MPUPOTHOI MiHEPAJILHOT JIIKYBaJIbHO-CTOJIOBOI XJIOPUAHOI HATPI€BOI BOAU ISt
TEXHOJIOTIT BOAOIIATOTOBKH Y BUPOOHHUIITBI HAIIOIB ISl CIOPTCMEHIB.

Marepianu i meroan. JlociipkyBany 3pa3Ky BUXIAHOI BOAW Ta BOJM, ONPICHEHOI 3a
JIONIOMOTOI0  BUMOPOXXYBaJbHOI ~YCTAHOBKM TpPU PI3HUX peKUMax. BuMiproBaHHS
TEMIIEPaTYpPHOrO PeXXUMY poOOTH KpHUCTajiizaTopa 3/AIHCHIOBANIN 32 JOIMOMOTOI0 JaTYHKIB
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TemriepaTypH i 1udpoBoro tepmomerpa. ITokazHMKH SIKOCTI 3pa3kiB BOAW BH3HAYAIH 32
nmorromororo goromerpa Palintest 7500 i ctaHmapTHUX METOTUK.

PesyabraTu. [locnmipkeHO BIUTMB Di3HHX (DakTOpiB MpolLECy BUMOPOXKYBaHHS Ha
SIKICTh ONpPICHEHOI MPUPOTHOI MIiHEPaJbHOI JIKYBAJBLHO-CTONOBOI XJIOPUAHOI HATPi€BOI
Bom «KysinbHUK». BH3Ha4eHO 3aKOHOMIPHOCTI PO3MOJLTY KOMIIOHEHTIB BHXiJHOI BOAM
MK BHMOPOXXCHOIO TBEpJOI0 (pa30i0 1 KOHIICHTPOBAaHMM pO3YMHOM Y MpOIleci
BUMOpPOXKYBaHHs. [IpH 1iboMY JUTs OUTBIIOCTI TOCTIKYBAaHUX (DAKTOPIB MOPATOK PyXy OYB
takum: Ca>' > HCO'; > (Na' > CI') > (Mg*" > SO*, > K"), npu 3menmenni Minepanisariii
o Takum: Ca’' > SO*, > (Na* > CI) >(HCO; > Mg*" > K").

PexoMeHOBaHO Taki TEXHOJIOTIYHI MapamMeTpu IPOBEICHHS MNpOLECY OINpPiCHEHHs
MIPUPOJHOI MiHEpaJIbHOI XJIOPHIHOI HATPiEBOI BOAM BUMOPOXKYBAaHHSIM: TeMIlEpaTypHHN
peXUM pOOOTH KpHUCTai3aTopa, IO 3MIHIOETBCA B mporeci Big -2 mo -4 °C, BMicT
BYIVIGKHCIIONO Ta3y y BOJi HA MOYATKY MPOLECY BUMOPOXKYBAHHS — 3,7 I/IM’, TPHBACTH
mporiecy omnpicHeHHs (0e3 ypaxyBaHHsS IPOIECY OXOJNOMKeHHs) — 60 XB, OAMH CTYIiHb
BUMOpPOXKYBaHHsI, IUIaBJICHHS TBEpIOi (pa3d B yMOBax HaBKOJHIIHBOTO CepeloBHINA 0e3
MIONIEPEeTHHOTO  CelapyBaHHs BHMOPOXKEHOI TBepaoi (a3u. 3a TakMX TEXHOJIOTIYHUX
PEKUMIB MPOBEAEHHS MPOIECY BUMOPOXKYBAaHHS MOXKHA OTPUMAaTH BOAY 3 MiHEpaJbHUM
CKJIaJIOM, SIKMH B OCHOBHOMY BIJIIOBi/Jla€ YMHHUM PEKOMEHJAMisM IIOJ0 MiHEPaJIbHOTO
CKJIaJly HamoiB JUIsl CIIOPTCMEHIB.

BucnoBku. PexoMeHIOBaHO BHKOPHUCTOBYBATH YIOCKOHAJEHHH cCIIOCiO opraHizaii
TIPOLIECY ONPICHEHHSI BOAX BUMOPOXKYBAHHSIM.

KurouoBi ciioBa: naniit, 600a, onpicnenms, BUMOPOINCY8AHHSL.

Bucoxoeneprernyna q1ucKkpeTHa 00po0Ka B TeXHOJIOTIl BUJIyYeHHS BOBHAHOIO KUPY

Onekcanapa Kynuk, Onbra Cemenrko, FOmis CapibexoBa, Cepriii MsicHikoB
Xepconcoruti HayioHanbHull mexuiunull yuieepcumem, Yrpaina

Beryn. [{ns migBuineHHs: e)eKTUBHOCTI BHIIYYEHHS BOBHSHOI'O )KHPY 3aIIPOIIOHOBAHO
3aCTOCYBaHHS BUCOKOCHEPTeTHYHOI TUCKpeTHOi 00poOku (BJ]O) BOBHOMUIHUX BOJ.

Marepianmun i ™eromm. BusHaueHHs mnUTOMOI eJeKTponpoBigHOcTi, RedOx-
MOTEHIN Ay, TeMiepaTypu, pH cepemoBuiia Ta 3arajbHOI KiJBKOCTI 10HIB JIiITiJOBMiCHOT
BOJIM MPOBOAMIIOCS 3a JONoMororo komoOiHoBaHoro tecrepa Combo HI 98129 («<HANNA
Instrumentsy). KonmenTparris BUIBHUX panuKaiiB BU3HAYAJACS [UISIXOM
MepMaHraHATOMETPUYHOTO TUTPYBaHHsS. 3MiHY B’S3KOCTI NMPOMHMBHHX BOJ MiJ BILTMBOM
BAO nocmimkeno 3a wmerogoM OctBanpaa. Bmuue TpuBanocti BJIO Ha 3MiHy
MIOBEPXHEBOT'0 HATSTY IIPOMUBHUX BOJ| BU3HAYEHO CTaJOTMOMETPHYHUM METOIOM.

PesyabraTu. B pesynbrari B/IO BinOyBaeThest 3MiHa (hi3UKO-XIMIYHUX BIaCTHBOCTEH
MIPOMHUBHOI BOJM, a CaMe: 3HIDKCHHS IMHMTOMOI eIeKTponpoBigHocTi (3 2969 MkCwm/cM 10
2837  wmxCwm/cM) 1 3arajbHOrOo  3MicTy  ioHiB (3 1487 wmr/n mo
1298 wmr/xn), migsuiieHHs nokasHuka pH cepemosuma (3 8,35 mo 9,40), temneparypu (3
18°C mo 43°C) i RedOx-notenuiany (3 60 MB no 93 MB). Ile nosichroetsest TuM, 1o BJIO
CIIpUsie CTBOPEHHIO 00JIACTi 3 BHCOKOIO KOHIIGHTPAIIEI0 MEXaHIYHOI eHepril, sSiKa IPU3BOAUTH
JI0 BUHUKHEHHS BEJIMKOI yIapHOI CHITH 1 BUCOKOrO TUCKY. [1iJBUIIEHHSI TeMIIepaTypH, y CBOIO
4epry, BIUIMBA€ Ha BOJHEBI 3B’S3KH, NP IIbOMY PYHHYIOTBCS KJIACTEPHI KOMIUIEKCH BOIH i
TiZ[paTHi 0OOJIOHKY HABKOJIO 10HIB 3 YTBOPEHHSM BUIBHUX PaJMKaliB, HASBHICTh SIKUX CBIIUUTH
1o XiMiuHi MepeTBOPEHHSX y BOMI. SHIKeHHs B’s3KkocTi (3 1,034 -10°He/m* 1o 0,903 107
*He/m?) i mosepxneBoro Hatsry (3 39,86 cH/M 10 37,56 cH/M) mpOMUBHEX BOJ TN i€l0
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BIO mosiCHIOETBCSI PO3PHBOM BOJHEBHX 3B’SI3KIB acolliaTiB BOAM, OCIAOJICHHSM CHII
B3a€MHOTO TPUTATAHHS MK MOJIEKYTaMH BCEPEIMHI KIIacTepiB i B IOBEPXHEBOMY IIapi —
CTPYKTYpPHHUM TIEPETBOPEHHsM BoAu. HalOinpml 3Ha4YHI XiMiYHI i CTPYKTYpHI 3MiHH B
MIPOMUBHHX BOJIaX BiAOYBarOTHCs MpH TpuBaiocTi 00podku 180 c.

BucnoBkn. Ilig miero BJIO BinOyBaroThCs XiMiUHI Ta CTPYKTYPHI MIEPETBOPEHHS, 11O
CHPHSIOTH IHTEHCH(]iKaLlii poIleCcy BUITYYSHHS BOBHSIHOTO XKUPY.

KuiouoBi cinoBa: sosna, sicup, ranoni.

BuinB cki1aioBux ajbga-KuCJI0T YKPAiHCLKUX COPTIB XMEJII0 i XMeJIbOBUX
npenapariB Ha AIKiCHI MOKA3HUKH CycJIa Ta MUBA

P 1 1 . .
Jligis [pouenko', TetstHa ['punrox’, CBiTiIaHa .]'hTBI/IHlIyK2
1 - Incmumym cinvcokozo 2ocnodapcmea Ionices HAAH Yipainu
2 - Hayionanvnuii ynieepcumem xapuosux mexuonoeit, Kuis, Yxpaina

Beryn. Mera nociimpkeHHsI — BCTAHOBJIGHHS 3aJI€)KHOCTI BEJIMUMHU TIPKOTH Cycia i
SIKOCTI OXMEJIIHHS THBa BiJl KUIBKOCTI 1 SIKICHOIO CKJIaay TOMOJOTIB aiib(ha-KUCIOT
YKpaTHCBKUX COPTIB XMEIII0, 30KpeMa Bijl BMICTY KOTYMYJIOHY B CKJIaJi anb(da-KHUCIIOT.

Martepianu Ta Meromam. Jlocii/KyBaJduCh apoMaTH4HI Ta TIpKi COPTH XMEIO
YKpaTHCBKOI CeNeKIlii 3 pi3HUM BMICTOM KOT'YMYJIOHY B CKJali ainb(a-KUCIOT 1 IHBO,
BUTOTOBJICHE 3 HHUX. BHKOpPHCTaHO BHCOKOE(EKTHBHY pIiJMHHY XpoMmaTorpadito mjs
BU3HAYEHHS KiJIBKOCTI Ta CKJIaly TipKUX PEYOBHUH XMEJIO Ta NPOAYKTIB iX IEpETBOPEHHS B
MpOLIeCi MUBOBAPIHHSA, a TAKOX CIIEKTPO()OTOMETPUYHI METOANU KOHTPOIIO SKOCTI TipKOTH
OXMEJIEHOT'0 Cycia i TOTOBOTO TIHBA.

Pe3yabratn Ta ofroBopeHHsi. AJb(a-KHCIOTH TOCIHIIKYBAaHHX COpPTIB MaloTh Y
CBOEMY CKJaJl HIMPOKHHU Jliama3oH MOKa3HHKa BMICTYy KOTyMYNoHY: Bin 16,7% y coprti
Kymup no 44,1% y copti Pycrnan. BcTaHOBJICHI 3aJIKHOCTI MK KUIBKICTIO 1 SKiCHUM
CKJIaJIOM TipKUX PEUOBUH XMEIIIO Ta TIPKOTOO 1 AKICTIO OXMEJICHOro cycia i muBa. Bmict
KOTYMYJIOHY B CKJIaji ajb(a-KHCIOT XMEN0 Ul OJepKaHHs SIKICHOI TipKOTH ITHBa Mae
oyru Mmenire 28%. Ponb cronyk 0eTa-KHUCIOT B YTBOPEHHI TIPKOTH Cycja, OXMEJIEHOIO
apOMaTUYHUMHU COPTaMH XMEIIO 13 CITIBBIJHOUICHHSIM O€Ta-KUCIOT 110 anb(ha-KHCIOT
ONM3bKO OIMHHMIN, HA0araTo BUIA MOPIBHSHO 3 TIPKUMH COPTaMH.

BucnoBku. [l oxMmenmiHHA cycna XMeleM TipKOro THUIy OuTbIl  e(EeKTUBHO
BHUKOPHCTOBYBAaTH COPTH 3 BUCOKHM BMICTOM KOTYMYJIOHY B aJTb(ha-KHCIIOTaX.

Kunro4doBi ciioBa: xmine, anvgha-kucioma, Ko2ymynon, cycuo, nugo.

Onrumizanisi npouecy BUPOOHUITBA SIEYHUX OMJIETIB 3 HANIOBHIOBAYAMM TPUBAJIOT0
TepMiHy 30epiranas

Banepiii CykmanoB, Onexkciit beckpoBuuii, Onexcanap Maiia
Jloneywvxuti nayionanvHuil yHigepcumem eKOHOMIKU i mopaieni
imeni Muxaiina Tyean-bapanoscvkozo, [oneyvk, Ykpaina

Beryn. Onrumizaris npotiecy BUpoOHHITBA siedHUX omuteTiB (S10) 3 BUKOpUCTaHHAM

Bucokoro Tucky (BT) macte 3Mory BHpOONSTH TPOAYKT 3 BUCOKHMH CIIOKHBYHM
BJIACTHBOCTSIMH 33 MiHIMQJIHHUX 3aTparT.
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Marepianu i merogu. [ocnimxyBanuii npoaykt - IO — cymim piKoro Kypsgaoro
SIULSE 3 TepTHM a00 ApiOHO HapizaHMM CHPOM (200 IHIIMMH IHTPEAi€eHTaMH), KCAHTaHOBOL
KaMeJIi, BOIoK abo MoyokoM, crertiii. [Iporec BupooHunTBa 10 ckianaBcs 3 maKyBaHHS
CyMillli y TepMETUYHUHA KOHTEeWHEp, HarpiBaHHsI W 0OpOOKU B YCTAHOBIII BUCOKOI'O THCKY.
[pupataocti IO nmo TpuBanoro 30epiraHHsl OILIHIOBAIM 33 IIOKa3HUKOM «aKTHUBHICTh
Bomm». Skicte IO owiHIOBaNM eKcliepTHUM MerofoM. [l onepikaHHS ONTUMajIbHUX
rapameTpiB NpoIEeCy 3aCTOCOBAHO METOJI HEBU3HAYCHUX MHOXKHHUKIB Jlarpamxa.

PesynbraT. Po3pobiieHa onTuMizaiiiifHa MOJETh JA03BOJIUIA OJEPKATH ONTUMAJbHI
napamerpu mpouecy o0pobku IO BT: Tmck — 690 MIla, Temmeparypa — 122°C,
JIOBrOTpHUBAJICTh 00poOKH — 7x60c, 14 T Boan Ha 100 r Menamxy, 13 r cyxoro Mojoka Ha
100 r Mmenamxy, BMicT KcaHTaHOBOI kameni - 0,75% Bix 3araipHOi Macu cymili, 25 T cupy
Ha 100 r Menmamky. JlaHi MOKa3HUKU MapaMeTpiB MPoOIECy danu 3Mory ojiepxatru S0 3
MMOKa3HUKaMH: aKTUBHICTH Boau - 0,704, KOMIUIEKCHHII TOKa3HUK skocTi - 0,98, 1m0
XapaKkTepu3yloTh LeH NPOAYKT SK TNPOAYKT 3 BHUCOKHMH SIKICHUMH ITOKa3HHKaMH,
CTaOlIbHUMU MPOTSATOM TPUBAJIOTO TEPMiHY 30epiraHHsi.

Amnamniz po3poOsieHoi Mozeni 3 BUKOpUCTaHHS KpurepiiB Crblogenta, ®Dimepa,
Jcnerncii Ta po3paxyHOK ITOMHIIKM THPOTHO3HOTO 3HAYEHHS MapaMeTpiB ONTHMizamii
MiATBEpAMIN HAAIWHICT, OTPUMAaHHUX 3HAYEHb IapaMeTpiB ONTUMI3allii Ta JOCTOBIPHICTH
OIITUMI3aliHHOT MOJIEII.

BucnoBku. Pe3ynbTaTé B3ATI 32 OCHOBY IpH pO3pOOI HOPMATHBHO-TEXHIYHOI
nokyMmeHTtanii Ha SIO TpuBanoro TepmiHy 30epiraHHs Ta NMPOEKTYBaHHI TEXHOJOTTYHOTO
obmamHanusa BT mist peanizanii 1i0ro mporiecy.

KirouoBi ciioBa: siiye, omnem, 30epieants, muck, akmueHicms, 600d.

36arayeHHs HOrypTy HaTypaabHUMH NPOAYKTAMH O/UKIIBHHITBA

Heowina Jlomosa', Cepriit Hapixuuii', Onbra Crixko”
1 - Binoyepxiscvruil Hayionanvhuil acpapruti ynieepcumem, M. bina llepxea, Yrpaina
2 - Hayionanvruii ynisepcumem 6iopecypcie i npupoooxkopucmyeants Yrpainu, Kuis,
Yxpaina

Beryn. BukopucraHHS — OKOIMHOrO MNWIKY B TOEIHAHHI 3 MOMYJSIPHAM
(YHKI[IOHAJHHUM KHCJIOMOJIOYHUM HPOAYKTOM — HOTYpTOM, HAJacTh MOXIIUBICTh
PO3LIMPUTH ACOPTHUMEHT 1 MiIBUIUTH HOTro O10JIOTIYHY I[IHHICTb.

Marepianu i meTonu. BuzHaueHHs BOJIOTY B YOTHUPBHOX 3pa3kax O/DKOIMHOTO MHJIKY,
BUCYIIEHUX JO Pi3HOI BOJIOTOCTi, 3IIHCHIOBAJIOCS TPaBIMETPUYHHUM METOJOM, B OCHOBI
SIKOTO JIeKAaTh BTPAaTH MacH 3pa3Ka B pe3ylbTaTi BUCHXAHHS [0 CTAJIOr0 3HAYCHHSI.
JocnigHuii 1 KOHTPONBHMUN 3pa3ku HOTYPTY JOCHIDKYBAadM IUIIXOM 3aCTOCYBaHHS
CTaHAapPTHUX MIKpOOiOJIOTTYHMX aHAJII3IB IS MOJIOKA 1 MOJIOYHUX MPOJYKTIB.

Pe3yabraTu Ta 00roBopeHHs. BucynryBaHHs O/PKOJIMHOTO OOHIMOKS 0 BOJIOTOCTI 2
- 4% TnpU3BOIWTH JO MiABHMIICHHS CUITYYOCTI MOPOIIKY Maibke Ha 90%. 3pa3ok BOJOTICTIO
2% Oyne MaTh HacWmHy Macy Buily Ha 12,5%, Hik 3pasok 10% Bomorocrti. Buxin
CHUPOBMHU TaKOK 30UIbImThC Ha 3,7%. ['ycTmHa, MacoBa YacTKa BTpAaT, HAaBIIAKH,
3MEHIYBaTUMYThCS, IIO Ma€ TO3UTUBHHUN BIUIMB Ha €()EKTHBHICTh BHKOPUCTAHHS Ta
pO3TOniTy MWIKY B Maci Horypty. Jlo Toro sk MacoBa 4acTka BTpaT 3HU3HUTHLCS OLIbIIE, HiXK
y 4 pasu (4,6% mopiBHsHO 3 1%).
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[Munok Moke TOTripuIyBaTH MiKpOOiOJNOTiuHI XapaKTepucTHKU #Horypry. OOpoOka
3paska MOJpiOHEHOI OJHKOIMHOrO OOHINOKS YIbTpa(ioNieToM Ja€e 3MOry IMOJIIIIUTH
MIKpOO10JIOTiYHI TOKA3HUKH Oe3MeKH HOorypTy. A came, 3HHU3UTH HasiBHICTH Komiopm o 0,
ugini 10 10 KOE/cw’.

BucnoBku. 3ampornoHoBaHuii cnocid 00poOKM OIKOJIMHOTO OOHDKOKA Halae
MOXIIUBICTh IIOJIMIIUTH TEXHOJOTIYHI Ta MIKpOOIOIOTiYHI MOKa3HUKH TOPOLIKY ITHIIKY,
TOMYy ¥Oro MAOLIJBHO BUKOPHCTOBYBAaTH B OIlOTEXHOJOTI] BUPOOHHMITBA HOTYpTY 3
HATYpaJIbHUMHU ITPOIYKTaMH OKIJTHHUIITBA.

KurouoBi cioBa: nunok, 60icona, iiocypm.

BioTrexHonoris, Mikpobionoris

BrnuiuB Byr/ieneBoBMiCHOI CHPOBMHY HA MPOAYKYBAaHHs 6ioMacu Mikporpu6a
Blakeslea Trispora

Jlinist Muponenko', Jlinis Kpuukoschka',
Banentun OmimreBchkuii’, Aupiit Mapusin®,
1 - Hayionanvnuil mexniunutl yHigepcumem « XapKiecbKuti NOJIMeXHIUHUL IHCIMUmMymy,
Xapxie, Yxpaina
2 - Hayionanvnuti ynisepcumem xapuosux mexuonoeit, Kuis, Yxpaina

Beryn. JlocmimkyBaBesi BIUIMB TiIpaTOBaHUX (yJepeHIB Ha CTYMiHb HAKOIMYEHHS
010JIOTIYHO aKTHMBHUX PEUOBHH Mikporpubom Blakeslea trispora.

Marepianun i Metonm. IIpoBomuiioch BHU3HAYEHHS JKUPHO-KUCIOTHOTO CKJIaay B
Oiomaci aMiHOKMCJIOT, KAapOTHHOIAIB 1 CTEpPOJiB 3 BUKOPUCTAHHAM  METOMIB
BHCOKOE(EKTHBHOI piIMHHOI XpoMaTorpadii, aacopOuiiHoi 1 po3aineHOI XxpoMaTorpadii B
TOHKOMY IIapi COPOCHTY Ta CHEKTPOPOTOMETPUYHOTO METOAY; TPaBIMETPHYHAM METOZOM;
METOJIOM TPSIMOTO CIIEKTPO(OTOMETPUPYBaHHS B OSH30JIi.

Pe3yabraTu. 3acTOCyBaHHS TiipaTOBaHUX (YJIEPEHIB Y CEPEIOBHIIl KYJIbTHBYBaHHS
Mikporpuba Blakeslea trispora cipusiio 30UIBIICHHIO HAKOIMMYCHHS B 0ioMaci KiJIBKOCTI
kapotuHy Ha 32,3 %, acnapariHoBOI, [NTyTaMiHOBOi KUCJIOT 1 JIEUIMHY.

3MiHa CHiBBIJJHOUIEHHS BYIJIEIIO JI0 a30Ty 3@ PaxyHOK BHECEHHsS 1O IOXXUBHOI'O
cepeoBUINA KyIbTUBYBAaHHS Mikporpuda Blakeslea trispora rinpatoBaHux (yrepeHiB HE
BIUIMHYJIA Ha aMiHOKUCIIOTHHUH CKJIaJ Horo 6ioMacH.

OTtpuMaHi AaHi PO KUPHO-KUCIOTHUN CKJIa JimiaHoi dpakiiii mikporpuba Blakeslea
trispora CBi4aTh TIPO 3HAYHE T[PEBAJIOBAHHS HEHACHUCHUX  IKHUPHUX KHUCIOT 1
MIEPCICKTUBHICT, BUKOPHCTaHHA OioMacu Mikporpuba Blakeslea trispora sk mxepena
010JIOTIYHO aKTUBHHMX PEYOBHH JJIsI CTBOPEHHS HOBUX BHJIB NMPOAYKIii MPOoQiIakTHIHOT
i e

KurouoBi ciioBa: kapomunoio, 6iomaca, mixkpoepu6, bAP.
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PinakoBuii ¢pocaTnannii KOHHEHTPAT y TEXHOJIOTIAX CHHTE3y NMOBEPXHEBO-aKTHBHUX
PEYOBHH AKTHHOOAKTEPisIMHI

Haranis Kopeuska, Map’sina [Ipucraii, Onena Kapnenko
Biooinenus gisurxo-ximii coprowux xonanun In®@OB im. JI. M. Jlumeunenka HAH Yrpainu,
Jlveie, Yxpaina

Beryn. YV 3B’sA3ky 3 THM, IO BUPOOHHIITBO MIKPOOHHX ITOBEPXHEBO-aKTHBHHX
peuyoBuH (0i0IIAP) mMITYETbCS HHM3BKUM BHUXOAOM I[IBOBUX IPOAYKTIB 1 BHCOKOIO
BapTICTIO TPOIICCIB, AKTyaJlbHUM 3aBIaHHSAM € ONTHUMI3allisi Ta 3HWKCHHS BapTOCTI
texHonoriii 6i0lIAP. OmHuM i3 HUIAXIiB BUpINIEHHS NaHOi NPOOJIEMH € BUKOPUCTAHHS
BIJIXOJIiB MMPOMUCIIOBOCTI, 30KpeMa pirnakoBoro ¢ocdaruanoro konmeHrpary (OK).

Marepianu i MeTomu. Sk Jpkepera BYIJICIIO Y CKIAAl MOKUBHOIO CEPEIOBHIIA IS
KyJIbTUBYBaHHS OakTepili BUKOpPHCTOBYBajiHM Tekcagekan abo @K (2%). Jlimigu
eKCTparyBaji 3 KIITHHHOI Macu Ta CYIEpHATaHTYy KYJbTYPAJIbHOI PIAMHH CYMIIIIIIO
xiopoopm-meranon  2:1.  SIkicHuit aHami3  MeETaOOJNITIB  IPOBOAWIM  METOIOM
TOHKOIIIAPOBOI XpomaTorpadii.

Pe3ynbTaTi Ta 00roBopenHs. BetaHoBIeHO 0co0MuBOCTI CHHTE3Y 010[IAP mramamu
G. rubripertincta YKM Ac-122 Ta R. erythropolis Au-1 mpu pocTi Ha NMOXHBHOMY
cepenoruii 3 @K sk mxepemom Byriemo. Kinbkicts Oiomacu cranonosmwia 9,4-10,1 1/,
ek3omonicaxapuaiB — 8,9-9,5 /1, KIITHHHO-3B’I3aHUX Tperagozommas — 1,37-2,26 1/x;
IPU YOMY BMICT €K30T€HHHX TpEerajo3olimigiB — MerabomitiB R. erythropolis Au-1
CTaHOBHB 2,95 1/11. PO34MH Tperaso3oimi/IiB NPy BHECEHHI 0 MOKUBHOTO CEPEAOBHINA 3a
konnentpanii 0,01 /a1 cnpusas migBuiieHuio Bmicty ACh Ha 14,6 — 17,0 %, KIiTHHHO-
3B’s13aHUX JmigiB — Ha 13,9 — 15,5 %.

BucnoBku. PinakoBuii ¢QochaTuaHnii KOHIEHTPAT € EKOHOMIYHO BHUTiJHUM
JOKEPEJIOM BYTJICIIO /ISl TEXHOJIOTIH TOBEPXHEBO-aKTUBHHX PEYOBHH aKTHHOOAKTEpiH.
Moro BHKOPUCTAHHS CIIPHSE T ABUICHHIO BMicTy ek3oreHnHux IIAP mramy R. erythropolis
Au-1y 3 pa3u NOpiBHIHO 3 KYJIFTHBYBaHHIM Ha MO)KUBHOMY CEPEOBHIL 3 T'eKCaICKaHOM.
Tperanozomimian NpPOSBISIOTE CTUMYIIOBANBHUNA BIUIMB Ha picT 1 cuHTe3 OiolIAP
mraMamu G. rubripertincta YKM Ac-122 1 R. erythropolis Au-1.

Kuarouosi cnoBa: Gordonia, Rhodococcus, 6iolIAP, gpocgamudnuii konyenmpam.

Mpouecn Ta o6n1agHaHHA Xap4yoBUX BUPOGHULTB

BniuB KOHCTPYKTHBHMX NapaMeTpiB poTauiiiHol CylIapKy Ha CyIIIHHSA HACIHHA
COHSIIIHUKY

Poman SIkoOuyk
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. 3 Meroro yJoCKOHaJIeHHS! MPOIIECy CYIIIHHS HACIHHS COHSIIHHKY B amaparax
POTaLifHOTO THITY JOLIJBHO MPOBECTH MOJEIIOBAHHS TEXHOJOTIYHUX MPOLECIB B HUX 3
BUKOPHCTAHHSM IIPOTPAaMHHX 3aC00IB KOMIT FOTEPHOI'O MOJIEITIOBAHHSI.
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Martepianu i meromu. MoJenIOBaHHS TIPOLECY CYLIHHS HACiHHSA COHSIIHHUKY
MPOBOJIMIIOCS. Ha OCHOBI METOAY KIiHIIEBHX €JIEMEHTIB i3 3aCTOCYBaHHSM IIPOrPaMHOI0
nakera Flow Vision Ta MeToniB MaTeMaTHYHOI CTaTHCTHKH.

Pesyabratn. OTpuMaHi MaTeMaTHYHI MOJENi MOKa3yIOTh 3aJeXKHICTh THUCKY
TEIUIOHOCIsT (NOBITPsI) B CYMIMNIBHIN KaMepi pOTaliifiHOi Cymapkd BiJ IIBHIKOCTI
TEIUIOHOCISI, YKHUBOTO IIepepi3y Ta30pO3MOAUIBHOI PEINiTKA 1 Ti omopy Ta 3aleHiCTh
TPUBAJIOCTI TMPOIECY CYIIHHSA HACIHHS COHAIIHHMKY BIiJ KoeillieHTa 3allOBHEHHS
CYIIMIBHOI KaMepH Ta ii 00’eMy, a TaKOX BiJl KIHIIEBOI BOJIOTOCTI MaTepiaiy.

OTpuMaHO pPIBHOMIpPHE PO3MOMIJICHHA THCKY TEIUIOHOCIS B CYIIMIBHIA Kamepi
POTaLiiHOI Cylapky, 1o 3a0e3neuye CTaiy BUCOTY KUIUISUOro Iapy HACIHHS COHSIIHUKY
Ta SIKICHE MOTr0 BUCYLTYBaHHSI.

Y 10CKOHAJIEHO KOHCTPYKIIIIO pOTALiHOI CyIIapKH, a came: 3a0e3NeueHo TaHreHIiiHe
MiZBEIGHHS  TEIUIOHOCIA Ta  BCTAaHOBJIEHO  CHIpAJENONiOHYy  TEeperopoaky  mia
ra30pO3MOIiTBHOI0 PEIIiTKOO, [0 PIBHOMIPHO PO3MOILISE HOro B CYIIMIBHIN KaMepi.

BucnoBku. Pe3ynpraTi HOCHIKEHHS IOLIIBHO BUKOPHCTATH NMPU BUOOPI PEKUMIB
CYIIIHHS Ha eTarli NPOeKTYBaHHS CYLIMJIBHOTO 00JIaIHAHHSI.

Karwuosi ciioBa: conswmnux, cywinns, pomop, cyuapka.

Moae/oBaHHS PyXy YaCTHHKH B anapaTax 3 BEPTUKAJIbHHM CEKIiOHYBAHHIM
po60o10ro nMpocTopy

. 1
Hanis Aprioxosa', Mukona FOxumenko', Onexcanzp Illanmm6a’, Aprem ApTioxos'
1 - Cymcokuit oepocasnuil ynisepcumem, Cymu, Yxpaina
2 - Cymcowruti HayionanvHuti azpaprutl yrisepcumem, Cymu, Ykpaina

Beryn. AxTyanbHiCTH TeMH OOyMOBJIIEHAa UIIMPOKMM 3aCTOCYBaHHSIM arapariB
3BaXEHOT'O IIapy B MPOIEcax TepPMiYHOI 0OpOOKH JUCIIEPCHUX MaTepiaiB.

Marepianu i Meromu. AHAJNITHYHI AOCTI/DKEHHS IPOBENEHO 3 BHKOPUCTaHHSM
KJIACHYHMX TIOJIOKEHb MEXaHIKM pIAMHH Ta ra3y i TeXHi4Hol rizpomexaniku. Diznunuii
eKCIIEPUMEHT 3JIMCHEHO Ha JOCHTiTHO-IPOMHCIOBOMY 3pa3Ky 0araToCTyIIEHEBOTO
TIOJIMYHOTO anapara.

Pe3yabratu Ta o6roopeHHsi. Po3poOsieHa MaTteMaTHYHa MOJENb JJIsl PO3PAXYHKY
yacy mnepeOyBaHHs YaCTUHKH B IIOJMYHOMY arapari, il aJeKBaTHICTh MiATBEPIHKEHO
pe3ynbTaTaMi eKCIepUMEHTaJIbHUX JOCIiIKeHb. Mojenb Moxe OyTH 3acTocoBaHa st
PO3paxyHKy MPOLECIB CYIIiHHS, OXOJIO/PKEHHS TPaHyTIOBaHHS.

Yac nepeOyBaHHS! OAMHOYHOI YACTUHKU Ha TOJIHIIL B pOOOYOMY PEeXHUMIi CKIIaAae Bij 2
10 20 cexyH 3aJeXKHO BiJ KOHCTPYKTHBHOI'O BHKOHAHHS ITOJIMIII Ta MIBUAKOCTI Ta30BOTO
MOTOKY. 3a HasBHOCTI B3a€MHOrO BIUIMBY YaCTMHOK dYac IiX IepeOyBaHHS Ha ITOJUII
30inbLIyeThCs B cepeqHboMy y 40 pasiB. s pexxumMy pyxXy YacTHHKH Yy 3BaKEHOMY IHapi
(cTucHeHUH pyX) MakCHUMaJbHHUN Yac Moxe ckiaaatd a0 20 XBWIMH. 3MiHA KyTa HAXHIY
TIOJIMIN Ta i TOBKWHA MAIOTh HE3HAYHUM BIUIUB MOPIBHAHO 31 3MIHOIO TiAPOIMHAMIYHOTO
PeKUMY pyXy Ta30BOro NOTOKY. KOHCTpyKuis monmumi 3HayHO BIUIMBAE€ Ha 4ac
nepeOyBaHHs YaCTHHKY B arapaTi JIMIIE B PeKUMI CTHCHEHOTO pyxy. B po0oTi TeopeTHyHO
W eKCIepUMEHTAJbHO OOIPYHTOBaHA HASBHICTb PI3HUX PEXKUMIB pPOOOT MOIUYHOIO
amapara.

BucnoBkn.  BcraHoBneHO — MeXaHi3M  BIUIMBY ~ KOHCTPYKIII  TOMUIl — Ta
TiIPOIMHAMIYHOTO PEXHUMY PYXy Ta30BOrO MOTOKY Ha 4Yac nepeOyBaHHsS YacTHHKHA B
0araToCTylleHeBHX TIpaBiTallilHUX TOJMYHHMX amapaTtax. Pe3ynbratd  JOCIiIKEHb
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MOKJIAJICHI B OCHOBY METOIUKH IH)KEHEPHOIO PO3pPaxyHKy OOJaIHAHHS 3 BEPTHKAIbHUM
CeKIIIOHYBaHHIM POOOYOro MpocTopy.
Karwuosi ciioBa: 0o6pobdka, cexyionysanns, noauys, 4YacmuHKda.

be3neka XUTTERIANbHOCTI

CyuacHi acneKTH 0XOpPOHM Npani Ha MiANPUEMCTBAX M'SICHOI IPOMMCIOBOCTI

Omnbra €srymenko, Anina Cipik
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. AHamiz NpUYMHU TpaBMYBaHHS Ha M'SCONEpEpOOHMX ITiINPHEMCTBAX JIa€
3MOTr'y po3poOUTH OOIPYHTOBaHI i €(EeKTUBHI IUIAXH MPOQIIAKTHKA 1 3HIKEHHS PU3UKY
TpaBMYBaHHS IIPAIiBHUKIB.

Marepianu i meromm. Ilim wac mpoBeneHHs MOCTIIKEHb HEIIACHUX BUIAJKIB, SKi
BHHUKJIA Ha MIAMPUEMCTBAX M'SCHOI IPOMUCIOBOCTI YKpainu 3a nepion 3 2003 p. mo 2013
p., BU3HAYEHHs 3arajbHUX TEHICHLIN MIONO0 TpaBMAaTU3My y M'SCHIH INPOMHUCIIOBOCTI
3aCTOCOBAHUI METOJ CTATHCTHYHOrO aHANII3y Ta METOJl allpiOPHOTO paH)KyBaHHS (haKTOpiB
3a pe3ysbTaTaMH eKCIEePTHOI'O OMHUTYBAHHSI.

PesyabraT Ta o6roBopenHnsi. [IpoaHanizoBaHo cTaH BUPOOHHYOTO TPaBMATHU3MY Y
M'sicHIi TipoMucioBocTi Ykpainu 3a mepiox 3 2003 mo 2013 p. HaBeneno pesymbraTtu
aHaJIi3y pO3MOiTY BUIAKIB BUPOOHUYOr0 TpaBMAaTU3MY BijJ 00JaJHaHHS, YCTaTKyBaHHS,
MaIIIMH, MEXaHi3MiB, TPAaHCIIOPTHHUX 3aCO0iB, EKCIUTyaTallisl SKUX MpPU3BeIa 1O HEI[aCHOTO
BUNAIKy. BusiBleHO HaWOLIbII MOIIMPEHiI TpaBMyodi Qakropu i mpodecii| B M'siCHIH
MPOMUCIIOBOCTI  YKpainu. binbmiicte TpaBMOHEOE3NMEYHHMX  CHTyalii B M’SICHIH
MIPOMUCIIOBOCTI OOYMOBJIEHI HEJOCKOHAIIICTIO 3aXHUCHUX OrOPOXXK PYXOMHX €JIEMEHTIB
ycratkyBaHHs (26%), BIICYTHICTIO OJOKYIOUHX MPHUCTPOIB MPHUBOJIB CTAI[IOHAPHUX MAIIUH
(9%), HectipaBHicTio aBuryna (3%).

BucnoBok. Pe3ymbratm JOCHiIKEHHS PEKOMEHIOBAHO BUKOPUCTOBYBATH  JUIS
BJIOCKOHAJICHHS TPOEKTIB YMPABIIIHCHKUX PIllIEHb IOJO 3a0e3ledeHHs Oe3leYHHX yMOB
pani NpawiBHUKIB M'sicONepepOOHNX MiANPUEMCTB.

Kunro4dosi ciioBa: 6e3nexa, npaysa, mpasmamusm, pusux, msaco, nionpuemcmso.
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MuueBas 6e3o0nacHOCTb

238y, 2Th and “’K B o6pa3uax niennuHoii MyKH Ha peinke paka

Ali Abid Abojassim, Husain Hamad Al - Gazaly, Suha Hade Kadhim
Kygunckuit ynueepcumem, Hpax

Beenenue. IlmeHnyHass Myka Kak THI MUTaHUS IIUPOKO MOTPeONseTCs pa3HbIMU
BO3pacCTHBIMHM Tpynmnamu HaceneHus B Mpaxe. llenp wuccnenoBanmii - wu3ydeHue
MIPUCYTCTBUSI IOITOKHUBYIIMX UCTOYHUKOB raMMa-H3JIy4eHHs B Pa3HBIX TUIAX MIICHUYHON
MYKH{ Ha UPAKCKOM PBIHKE.

Martepuanbl m Metonabl. YaenbHas aktuBHOCTh (Bg/kg) ypana (238U), topus
(232Th) n xamusa (40K) Obutm wm3MepeHsl B 12 pa3HBIX TUNAX MIIEHUYHOH MYKH,
JIOCTYIIHBIX Ha HMPAaKCKOM pbIHKE. JlJIs paguoMeTpHUuYecKHX HW3MEPEHUH HCIOIb30BaH
cnocod rammbl-criekrpomerpuu ¢ Nal(Tl)-nerekropoM. Paccunrtan mHIEKC BHYTpEeHHEH
OITaCHOCTH, YKBUBAJICHT paJusl U IOTJIOLIEHHAs 1032 BO BceX 00pa3iax.

Pe3yabraThl M o0cy:kaeHHe. YJienbHas aKTUBHOCTh B 00pa3lax MyKH MIIEHUIBI
Baprupyetcs ot 1,086 + 0,0866 mo 12,532 + 2,026 Bg/kg npu cpemueit 6,6025 Bq/kg mns
28U, s 22Th - o1 0,126 + 0,066 10 4,298 + 0,388 Bq/kg npu cpenneii 1,9465 Bq/kg, s
K - or 41,842 + 5,875 10 264,729 + 3,843 Bq/kg mpu cpennreii 133,097 Bg/kg. Kpome
TOrO, BBISBJIIEHO, YTO DKBHBAJCHT pajusl M HWHIEKC BHYTPEHHEW OMAcHOCTH B 00pas3max
MIIeHNYHOW Myk: konebmotes ot 3,4031 mo 35,1523 Bg/kg npu cpemHHMX 3HAuYSHHUSIX
19,6346 Bq/kg u ot 0,0091 10 0,1219 co cpemunm moka3zatenem 0,0708 cOOTBETCTBEHHO.

BoiBon. IHpjekchl ecTecTBEHHOW paJMOAKTHBHOCTH U PaJMAIllMOHHON OIIAaCHOCTH
TMIIIEHNYHOW MYKH Ha pbIHKe Vpaka HaXoIsITCsl HM)KE ONAaCHBIX YPOBHEH.

KaroudeBsble cioBa: paouakmusnocms, nuenuya, Myka, numanue, Upax.

KauecTBo mutheBoii Boabl B Iloabie

JInnus Kinoc
Hleyunckuii ynusepcumem, Ionvua

Beenenune. IlpoBeneH aHaiaW3 KadyecTBa IHMTHEBOM BOIBI M CTCIEHH JOCTyIa K
BOJIOCHA0)KEHHMIO M KaHayu3anuu B [onbie.

Marepuanabl m MeToAbl. [IprMeHEH METOJ] aHajaW3a BTOPUYHBIX CTATHCTHYCCKHX
JMAHHBIX, UMeEIoIUXcs B lIeHTpanbHOM cratucTHdeckoM Oropo B Bapmase, Iloibckoit
XO3SMCTBCHHOM MajaThl B T. Beiaron u HarpioHaasHOM yIpaBiICHUU BOTHBIMHU PeCypcaMu
B Bapmage.

PesynbraTel U o6cy:kaeHne. 60% MOISIKOB HE YIOTPEOAIOT MUTHEBYIO BOLy Oe3
MPEBAPUTEILHOIO KHIITYCHUS. Boma, KoTopas Te4eT W3 KpaHOB, HECMOTps Ha
JIOCTYITHOCTh, CYMTACTCS 3arpsS3HEHHON, MOXKET COMEpkKaTh U30BITOK (hTOpa WIK HE UMEET
COOTBETCTBYIONIUX MOTPEOUTENILCKUX KadecTB (I[BET, 3amax W BKyc). Ho cymiecTByromue
CHUCTEMBI OYMCTKH BOJIBI MOTYT YJIYUIIHMTH €€ KAUeCTBO 3a CUET XJIOPUPOBAHHS BOIBI, XOTSI
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9TO YXYALIaeT ee KayecTBO OTHOCHUTENBbHO 4YHCTOM NpuUpoaHOl Boabl. PesymbTaTom
SIBIISIETCSL TO, YTO BCE MEHBIIE IMOTPeOHTENEi MBIOT BOAY NPSMO M3 KpaHa, YMEHBINAIOT
HCIOJb30BaHUE BOAOIPOBOIHOM BOIBI AJIS MPUTOTOBIEHUS MHIIH, IPEATIOUUTAIOT BOLY B
Oyreuikax. [lpuumHa B TOM, YTO OOIIECTBO HE JOBepsieT Oe30MacHOCTH BOJIBI,
MOCTABIISIEMON MYHHIIUITATBHBIMU BOJIONPOBOJHBIMU KOMIIAaHHSAMH. Bo3HHKaeT Borpoc,
OTIpaBAaHbl JIU 3TH ONaceHus?

BonomnpoBosiHass Boga B Ilombile COOTBETCTBYET BCEM CTaHaapTaMm Ojaromaps
[IOCTOSSHHOMY KOHTPOJIIO BOJHBIX KOMIIAHUM M HCIIOJIB30BAHUIO COOTBETCTBYIOIINX
METOJIOB OYHMCTKH. BopomnpoBoaHas Boja, mojaBaeMmasi Yepe3 CHUCTEMBI BOJOCHAOXKEHUs,
MOXET UCIIONIb30BAThCS 0€3 MPEABAPUTENHHOrO KUISTYeHUs. VccnenoBanus oka3any, 4To
Takue pabouue mapameTphl BOABI, KaK BKYC, 3alax M TBEPAOCTh HE BCErJa SIBISIOTCS
yIoBiIeTBOpUTENbHBIMA. OHHU pa3Hble B Ka)XJIOM TOpoje, a MHOTAAa B pa3HbIX pailloHax
ropoja, u3-3a 4YEero 4YacTo CpeAd IoNb30BaTeNell BO3HUKAeT BIICUAaTIIEHHE O e
HerpurogHocTH. CHIDKEHHE ITOKa3aTeNnedl 3THUX NapameTpoB BOJIBI MOXET OBITh JIETKO
JIOCTUTHYTO 32 CYET HCIONB30BaHUS (GUILTPOB. OTMETHM, YTO Oiarofapsi MOCTOSIHHOMY
MOHHUTOPHHTY M WHBECTHLHMSIM B MOJEPHU3AIMIO IPOLECCOB OOpPaOOTKM KadecTBO
BOJIONPOBO/IHOM BOAIBI B MOCTEIHUE OBl 3HAUUTEIBHO YITYUILIHIOC.

BoiBonbl. Pe3ynbTaThl  TIO3BONMIM  OIIEHUTH KAdyecTBO BOJOCHAOXKEHUS U
KaHaJIM3allud, a TakKe CHAeNaTh BBIBOA O KauecTBE BOABI, JOCTYIMHOW AJI JKUTeneil
ITonbmm.

KarwueBsie cnoBa: 600a, numuvé, 6o0ocnaboicenue, Ionvua.

MuweBble TeXHOJI0rMmn

3HaveHue 0EJIKOB MOJIOKA B (DOPMHUPOBAHNHU CTPYKTYPhI MOJIOYHBIX NPOAYKTOB

Ounbra Pridax
Tepnononvcxuil HAYUOHATLHBIN MexHUYecKull yHusepcumem um. Meana Ilynos, Yxpauna

Beenenue. CrTpykTypa MOJNOYHBIX TPOIYKTOB TPEICTABISIET COOOH YIOpSIOUEHHOE
B3aMMOJICHCTBHE OEITKOB, >KHPOB, YIVICBOJIOB, MHHEPAIBHBIX BEILECTB W BOJABL, KOTOpOE
onpeziesnsieT KOHCHCTEHIINIO M OPTaHOJIENITHYECKUE TTOKAa3aTel ! MPOIYKTa.

Marepuanbl 1 MeToIbL. [IPOIYKTHI, KOTOPBIC UCCIICIOBAIKCH: KHCIOMOJIOUHBIC HAITUTKA
(Ha mpuMepe HOrypTa), ChIYYXKHBIC CHIPBI, MOPOKCHOE, B3OHMTHIC MOJIOYHBIC M 3aMOPO)KCHHBIC
(bpykToBbIe necepThl. CrenaH aHami3 HaydHbIX crateit 3a 2000-2014 rojsl, a TakkKe qUCCepTaLii
u MoHorpaduii ydeHbIX, paOOTAIOIIMX B 3TOW 0ONAcTW Hayku. METOHONOrus WCCIIeNOBaHUS
OCHOBaHa Ha HMCTIOIb30BaHIN METOJIOB aHAJIN3a, CPABHEHHSI 11 0000IICHUSI.

Pesyabratsl n 06cy:kaenne. O000IIEHHO HAYYHOE TIOHUMaHUE POJIH OEIIKOB MOJIOKa
B (opMUpOBaHMU CTPYKTYpbl MOJIOYHBIX HPOMYKTOB. He3HauuTelIbHBIC HM3MECHEHHS
CTPYKTYpPhI TPOAYKTa, B PE3yJIbTaTe W3MCHCHHS KOMIIOHCHTOB WM TEXHOJIIOTHYCCKHUX
MapaMeTPOB MOT'YT MPUBECTH K HAPYIICHUSAM B U3MCHCHHIO CTaOMIIbHOCTH, KOHCUCTCHIIUU
U PEOJIOTHYECKUX CBOWCTB MPOJYKTa, YTO CYIICCTBEHHO BJIMSACT Ha IPOLECC TPOU3BOICTRA.

CrocoOHOCTh K KOATyJISIIIUU MO JSHCTBUEM KUCIIOW CPElIbl — 3TO OCHOBHAS ()yHKIIUS
OCJIKOB MOJIOKA, UCIIONb3yeMas MPH (POPMUPOBAHHH CTPYKTYPHI ChIpa M KHCIOMOJOYHBIX
nponykToB. Ilpu 3ToM (opMa U CBOWCTBA MOJIOYHOTO CTYCTKA 3aBHCAT OT TEILIOBOM
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00paboTKM MOJIOKa Iepes CKBalMBaHHEeM. B (opMHpOBaHUM CTPYKTYpHI MOpPOXKEHOTO,
B30UTBHIX MOJIOYHBIX M 3aMOPOXKEHHBIX (PPYKTOBBIX JECEPTOB MOJIOUYHBIE OENKH MPOSBIISIOT
JIpYTHE CBOWCTBA: SMYJIBIMPOBAHUE M 4YacTHYHAs KOAJECHEHIUs J>KUPOBBIX TJI00YI,
(opMupoBaHue U cTabMIM3aIs eHbl B TIpoliecce B30MBaHUs, 3arylIeHUe JUCIIEPCHOHHON
cpelsl IPOTyKTa.

BuiBonbl. Pe3ynbraThl 1€mec000pa3HO HCHONB30BaTh JUIS AajbHEHIIEro H3ydeHHUs
3aKOHOMEpHOCTEH (OPMHUPOBAHUSI CTPYKTYPHl MOJOYHBIX MPOAYKTOB H pa3pabOTKu
peKOMEHAALNH s X 3PPEKTHBHOTO POU3BO/ICTBA.

KaroueBsie ciioBa: 6e1ok, MOIOKO, cmpykmypa.

Oo6ocHoBaHue BHAAa U KOHHCHTPAIIHH MOBEPXHOCTHO-aKTHBHBIX BEIIECTB
IS odecreyeHust yCTOﬁqHBOCTH NMEHOIMYJ/TIbCUOHHBIX ITPOAYKTOB

Oner Kommsip, Aunpeii I'opanbuyk, Onbra I'punuenko, Onbra Psiben
Xapvrogckuii 20cyOapCcmeeHHblil YHUsepcumem nUmanus u mopeoenu, XapoKos,
Yxpauna

BBenenue. Pa3paboTka cyxux cMeceil ISl TPUTOTOBJICHHS IEHOOOpa3HOW U
SMYJBCHOHHOW TPOMYKIUHU SIBISETCS AaKTyalbHOM, IOCKONBKY B HACTOSIIEE BpEMs
HaONroaeTcs TEHACHIMS CHIDKEHHMS K MUHHMYMY 3aTparT BpeMEHH Ha Tpolecc
MIPUTOTOBJICHUS MU, KOTOPOE JOCTHIAeTCs MCIONb30BaHNEM TONy()aOpHKaTOB BHICOKOM
CTENIeHN TOTOBHOCTH.

Matepuanbl u MeToabl. [leHOOOPa3yrONIyI0 CIIOCOOHOCTH ONpPENEIsUTd METOI0M
KpaTHOCTH II€H, CTOMKOCTh HECTOMKHX TIEH - METOAOM MOJIypacajia IeH, BBICOKOCTOMKUX
TIeH - KaK OTHOIIIEHUE BBICOTHI CTOJIOA MEHBI TIOCIIE BBIIEPKKU B TeUeHHE 24 4acoB.

Pesyabratbl. OnpeneneHo BIMsSHHE IOACOIHEYHOTO Macia Ha NEeHOO0Opas3yroUlyro
CIOCOOHOCTH W TEPHO]I IoJTypacaia IMeHbl CUCTEM «Ka3eHHAT HaTpus-Macioy. [lomyuenue
CHCTEM C BBICOKUMH MOKa3aTeNISIMH NIEHO00pa3yrolield ClIoCOOHOCTH U CTOMKOCTH TI€H, IpU
HAJIMYUM B CHCTEME Maciia, HEBO3MOXKHO O€3 HCIONB30BaHUS HU3KOMOJIEKYIISPHBIX
TIOBEPXHOCTHO-aKTUBHBIX  BemiecTB. OOOCHOBaHBI ~ PEKOMEHAALMH  OTHOCHTENILHO
LeTIecO00Pa3HOCTH HCIOJIb30BAHUS JIBYX MTOBEPXHOCTHO-aKTUBHBIX BEIIECTB B CHCTEMax
«kazenHar  Harpusa-IIAB-macno»,  obecneuymBaronpe  HEOOXOAWMOE  CPOJICTBO
TIOBEPXHOCTEH BO3IYIIHOW, KMPOBOW M BOJHOH (ha3. YCTaHOBIIEHO, YTO HMCIIOJIb30BAHHE
2,5...3,5% MOHO-U JUTJIMLEPUAOB >KUPHBIX KucioT u JjenuruHa 0,15...0,25% npu
comepxaHuud  kazemHat  Hatpua  0,5%  mo3BonmseTr  MONYYUTH — yCTOWYMBEHIE
NIEHOAMYJIbCUOHHBIE CHCTEMBI C COJAEp)KaHHMEM MoJcoidHeyHoro wacina 7..8% wu
MeHO00pa3yromiel crocooHoCcThI0 640 +1%.

BouiBonpbl. [{s1 oOecriedeHus BRICOKUX TTOKa3aTelei meHooopa3yoleii CiocOOHOCTH U
CTOMKOCTH TIEHO3M YJIbCHOHHBIX cucTeM HEOOX0ANMO HCIIONIb30BaHUE
HU3KOMOJIEKYJISIPHBIX [TOBEPXHOCTHO-aKTUBHBIX BEIECTB. Pe3ynbTaThl HCCIEIOBAHHUN
PEKOMEHAYeTCsl HCHONb30BaTh IpU pa3pabOTKE TEXHOJNOTMH IEHOAMYJIBCHOHHBIX
MIPOJYKTOB.

KaroueBsle ciioBa: kazeunam, nenoobpazosanue, Cmoukocmb
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Pa3paﬁoTKa TEXHOJOIHYIECCKUX PEKUMOB INOATOTOBKHA
MHHepaﬂbHOﬁ BOJbI VI CHOPTUBHBIX HAIIUTKOB

Wpuna Kosanenko, Oner Bacsuius, Enena KoBanenko
Odecckas HaYUOHATbHAA AKAOEMUS NULYEBbIX MEXHON02UL

BBenenne. HaydHoe wuccrnenoBaHue ITOCBSIIIEHO pa3padOTKe TEXHOJIOIHYECKUX
PEKMUMOB  OIPECHEHUS TPUPOJHOH MHUHEPaJIbHOW JIEYeOHO-CTOJIOBOM  XJIOPHIHOM
HATPUEBOM BOIBI JUISi TEXHOJIOTHMH BOJOIIOAIOTOBKM B MPOW3BOJCTBE HAIUTKOB IS
CIIOPTCMEHOB.

Martepuanbsl um MeToabl. lccienoBanu o0pasnbl HMCXOJHOM BOJBI W BOIBI,
OIIPECHEHHOH C TOMOIIBIO BBHIMOPA)KUBAIOIIEH YCTAaHOBKH TPH PAa3IUYHBIX PEKUMAX.
W3mepeHne TemrepaTypHOro pexuma paboThl KpHUCTAJUIN3aTOpa OCYIIECTBISIH  C
TIOMOIIBIO0 JaTYUKOB TeMIepaTypsl W IudpoBoro Tepmomerpa. llokazarenu kadecTsa
00pa3IoB BOABI OMpeneNsuId ¢ moMolibio ¢oromerpa Palintest 7500 um craHmapTHBIX
METO/IHK.

PesyabraThel U o0cy:xaenue. lccrienoBaHo BIMSHUE pPas3HBIX (DAaKTOPOB Ipolecca
BBIMOPQ)KMBAHUSI Ha Ka4eCTBO ONPECHEHHOW NMPHUPOJHON MHHEPAIbHOHN J1e4e0HO-CTOIOBOM
XJIopuIHOW HaTpueBoil Boasl «KysanbHuk». OmnpeneneHsl 3aKOHOMEPHOCTH pacIipeeeH s
KOMIIOHEHTOB ~ WCXOIHOM  BOABI  MEXAYy BBIMOPDOKEHHOW  TBepAod  ¢asodl u
KOHIIGHTPUPOBAaHHBIM ~PacTBOPOM B TMpollecce BBIMOpaxkMBaHWs. [lpu 3ToM s
GOBIINHCTBA HCCICAYEMbIX (PAKTOPOB MOPSIOK ABIKEHHs Oblm Takum: Ca’” > HCO7 >
(Na" > CI) > (Mg*" > SO*, > K*), a npy yMeHBbIIIeHHH MHHEpAIM3aIuy Bobl Takum: Ca’"
> S0, > (Na" > CI') > (HCO’; > Mg”" > K").

PekoMeHIOBaHO Takue TEXHOJIOTMYECKHE MapamMeTpbl NpOBEAEHHs Ipolecca
OIIPECHEeHUs TPUPOAHON MHHEpAILHON XJIOPUIHON HATPUEBOW BOJABI BHIMOPaKUBAHUEM:!
TEMIIEPaTypHBIA PeKUM paboThl KPUCTAIUIN3ATOPa, U3MEHSIOIIHMIACS B Ipolecce oT -2 o -4
°C, comep)kaHue YIVIEKHUCIIOrO ra3a B BOJIE B Hayajle Ipoliecca BbIMOpakMBaHusi — 3,7
I/AM’, JUTHTEBHOCTH TIpOLiecca OmpecHeH s (6e3 yueTa mpouecca oXIaxaeHus) — 60 MuH,
OIHA CTYyIIEHb BHIMOPA)XMBAHUS, IUIaBJICHHE TBepHod (a3pl B YCIOBHAX OKpYXKarolen
cpensl Oe3 MpeIBapUTENBHOIO CEMapupoOBaHus BBIMOPOXKEHHON TBepro (asbl. [Ipu Takux
TEXHOJIOTMYECKUX PEXUMax IPOBEJCHUs IMPOIecCa BHIMOPAKUBAHUS MOXKHO MONYYHUTH
BOJY C MHHEPaJIbHBIM COCTaBOM, COOTBETCTBYIOIIUM PEKOMEHIALMUSIM OTHOCHTEIHLHO
MHUHEPaJIBHOTO COCTaBa HAIUTKOB JJISl CHOPTCMEHOB.

BuiBoabl. PexoMeHayeM HCIIONB30BaTh YCOBEPIIEHCTBOBAHHBINM CIIOCO0 OpraHMU3aIiy
Tpoliecca ONPECHEHHsT BOABI BHIMOPA)KUBAHUEM.

KnrodeBble ci10Ba: Hanumox, 6004, onpectenue, 6bIMOPaNCUBAHUe.

BBICOKOZ)HepFeTl/I‘IECKaﬂ AUCKpPETHAsA 06p360TKa B TEXHOJIOT'MH U3BJICUYCHUSA
IIEPCTHOrO KUpa

Anekcanapa Kynunk, Onbra Cemenrko, FOnust Capudexora, Cepreit MsicHUKOB
Xepconckuti HAYUOHATbHBIL MEXHUYeCKUU YHusepcumem, Yxpauna

Brenenue. CymiecTByronye crocoObl N3BJICYEHHUS HIEPCTHOTO KA UMEIOT BEICOKYIO
ce0eCTOMMOCTh W SIBIISIIOTCS. HEDKOJOTMYHBIMHU. J[7s1 moBBIIEHUsT 3¢ (PEKTUBHOCTH
W3BJICYCHHUS IIEPCTHOTO JKHpa IPEUIOKEHO IPUMEHEHHE BBICOKOIHEPreTHYECKON
JckpeTHo# 00pabotku (BJIO) mepcTroMoifHBIX BOI.
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Marepuanbsl U Metoabl. OmnpeneneHue YACIbHON 3yeKTponpoBogHocTH, RedOx-
MOTeHIMaNa, TeMueparypsl, pH cpeapl u o0mero KoJaudecTBa HOHOB JIMIUIOCOAEPKAIIEeH
BOJIBI TIPOBOJIMIIOCH C MTOMOIIBI0 KoMOMHUpoBaHHOro Tecrepa Combo HI 98129 («kHANNA
Instruments»).  KoHueHTparms  CBOOOAHBIX  pPaJMKaJIOB  ONpEACISUIacCh  IyTEM
MIEPMaHTaHATOMETPHUUECKOT0 THTPOBaHUs. V3MEHEHHE BS3KOCTH IPOMBIBHBIX BOJ IIOJ
BnustHueM BJ1O wuccnenoBano mo merony OctBanbaa. Bausaue mnmurensHoctd BJIO Ha
HU3MEHCHUE ITOBEPXHOCTHOTO HATSDKCHUS IIPOMBIBHBIX BOJI HU3MEPECHO
CTaJIOTMOMETPUIECKUM METOJIOM.

PesynbTaTel u odcyxknenue. B pesynprare BJIO mpoucxomut usMeHeHue (Gpu3HKO-
XUMHYCCKUX  CBOWCTB IPOMBIBHOW BOIBI, & HMEHHO: CHIDKCHHE  YACIbHOMN
3JIEKTPOIPOBOJHOCTH MIEPCTOMOUHBIX BoJ (¢ 2969 MkCwm/cM o 2837 MkCwm/cM) U 0011Iero
conepxanus HoHOB (¢ 1487 mr/n g0 1298 mr/i), mopsimienue mokasatens pH cpensr (¢ 8,35
1o 9,40), remnepatypsl (¢ 18°C mo 43°C) u RedOx-noreniuaina (¢ 60 MB o 93 mB). Oto
o0BsicHseTcs TeM, uTo BJIO crocoOCTBYeT co3MaHUI0 00JIACTH C BBHICOKOW KOHIICHTpAIUeH
MEXaHUYECKOW SHEPTHH, KOTOpasi MPUBOIUT K BOSHUKHOBCHHUIO OOJIBIION yIapHON CHIIBI U
BBICOKOTO J1aBjicHUs. [1OBBIIIICHHE TeMIIepaTyphl BIHSICT Ha BOAOPOIHBIC CBSI3H, PH 3TOM
pa3pylIaloTcs KIIACTEPHBbIE KOMILIEKCHl BOABI M THApaTHbIE OOOJOYKH BOKPYT HMOHOB C
00pa3zoBaHUEM CBOOOIHBIX PaIUKaJIOB, HAJIMYHE KOTOPHIX CBUIETENBCTBYET O XUMHUIECKUX
npeBparesusx B Boxe. CHmkenne Baskoctd (¢ 1,034 -10°He/M® 1o 0,903 -10°He/M?) u
moBepxHOcTHOro HaTsbkeHus (¢ 39,86 cH/M mo 37,56 cH/M) mpoOMBIBHBIX BOJ TIOJ
neiictBueM BJIO 00BscHsCTCS pa3pblBOM BOJOPOMHBIX CBsI3€H aCCOIIMATOB  BOIBI,
oCabJIeHWeM CHJI B3aWUMHOTO MPUTSHKEHUS] MEXKIy MOJIEKYJaMH BHYTPH KIIACTEPOB U B
MIOBEPXHOCTHOM CJIO€ — CTPYKTYPHBIM IIpeoOpa3oBaHreM Bojabl. Hanbonee 3HaunTEIbHBIC
XUMHYECKUEe M CTPYKTYPHBIC HW3MEHCHHMS B IPOMBIBHBIX BOJAX MPOMCXOAAT IIPU
MIPOJOJDKUTENBEHOCTH 00padoTku 180 c.

BeiBoabl. Ilog geiictBuem BJIO mnpoucxomsT XUMHUYECKHE U CTPYKTYpHBIE
npeoOpa3oBaHus, CIIOCOOCTBYIONIME WHTEHCH(UKAIMU MPOIECCa U3BJICUEHHS IIEPCTHOTO
KHUpa.

KaroueBslie ciioBa: wepcmo, scup, 1aHOMUH.

Biausinue cocTaBHBIX a.l'[bq)a-KPICJ'[OT OTCYE€CTBCHHBIX COPTOB XM€JISI 1 XMEJICBbBIX
npenapaTtoB Ha KAY€CTBEHHDBIE MMOKa3aTEeJ/IN CyCjia M IUBA

1 1
Jluaus Ipouenko’, Tarbsina ['puntok , CBeTiaHa .]'II/ITBI/IHlIyK2
1 - Uncmumym cenvcxoeo xozavicmea Ionecvss HAAH Yipaunw
2 - Hayuonanvuwiii ynusepcumem nuwesvix mexuonocuti, Kues, Yxkpauna

BBelIeHPIe. HCJ'IB HCCIICAOBAHUA - YCTAHOBJICHUC 3aBUCHUMOCTH BCJIWYHUHBI T'OpEUYH
CyCjlIa MU KaueCTBa OXMCJICHUA IMHMBa OT KOJIMYCCTBA M KAaUYCCTBCHHOI'O COCTaBa IroMoOJIOroBn
aJ'II)(l)a-KI/ICJ'IOT YKpanHCKHUX COPTOB XMCJIA, U B YaCTHOCTH, OT COACPKaHUA KOI'YMYJIOHA B
COCTaBC aﬂb(ba-KI/ICJ'IOT.

MaTepI/Ia.l'lbl U METOAbI. I/ICCJ’ICZ[OBaJ'II/ICL ApOMAaTHYCCKHUE U T'OPBKHUE COpTa XMEJIA
praHHCKOﬁ CCJICKIIUU C pa3JIMYHBIM COJACPKAHUCM KOI'YMYJIOHA B COCTaBE aﬂb(l)a-KI/ICJ'IOT
U TIMBO, M3TOTOBJICHHOC M3 HUX. Hcnons3oBano BBICOKO3(1)(1)CKTI/IBHy}0 KUIAKOCTHYIO
XpOMaTOFpa(bI/IIO JJId OIIPEACIICHUA KOJIMYECTBA U COCTaBa T'OPLKUX BCHICCTB XMCEJIA H
MIPpOAYKTOB WX MPECBpalll€cHHUd B  IIPOHECCE IHMBOBAPCHHA, a TaKKE  CIICKTPO-
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(oToMeTpuUecKue METO/Ibl KOHTPOJS KayecTBa IOpedH OXMEJIEHHOTo CycClia M TOTOBOTO
IMBA.

Pe3yabraThl U 00cy:knenue. Anb(a-KUCIOTHI UCCIEAYEMBIX COPTOB UMEIOT B CBOEM
cocTaBe IIMPOKMUN IUama3oH IOKa3aTelsl COAep)KaHus KorymynoHa or 16,7 % B copte
Kymup 1o 44,1 % B copre Pycnan. YcTaHOBIEHBI 3aBHCHUMOCTH MEXIY KOIHYECTBOM H
Ka4eCTBEHHBIM COCTaBOM T'OPHKHX BEIIECTB XMEJsl M TOPEUYbI0 U KaYeCTBOM OXMEJICHHOTO
cycna u muBa. ConepikaHue KOTyMYJIOHA B COCTaBe anb(a-KUCIOT XMeNsl JUTsS MOTydeHuUs
Ka4yeCTBEHHOH ropedu mnuBa JODKHO ObITh MeHee 28 %. Ponb coenuneHuii Oera-KUCIOT B
00pa30BaHUM TOpPEYH CyClla, OXMEJIEHHOTO apoMaTHYECKUMH COpPTaMH XMeNs ¢
COOTHONIEHHEM OeTa- KUCIOT K alb(pa-KUCIOTaM OKOJIO EIUHHUIIBI, TOpa3/lo BHILIE MO
CPaBHEHUIO C TOPHKHMHU COPTAMHU.

BoiBoabl. i oxMmelleHHMsS cycla XMeEJIeM Topbkoro Tuma Oosee 3¢h(GEeKTUBHO
UCIIONIb30BaTh COPTa C BBICOKHM COJIEp)KaHUEM KOT'YMYIIOHA B ajib(a-KUCIOTaxX.

KaroueBsle cioBa: xuens, anbpha-kucioma, Ko2ymynoH, cycio, nugo.

OHTHMH:{&HI/IH nponecca mpou3BoaCTBa AMNYHLIX OMJIETOB ¢ HAITOJIHUTECJIAMHU
AJIMTCJIBHOT0 CPOKA XPAaHCHUSA

Banepuit CykmaHnoB, Anekceit beckpoBHslii, Anexcannp Manuy
Jloneyxuti HayuoHANbHBIN YHUBEPCUMEM IKOHOMUKU U mopaoenu umenu Muxauna Tyean-
Bapanoeckoeo, [oneyx, Yxpauna

Beenenue. OmnTuMmuzanmsi Tpolecca MPOM3BOACTBA SIMYHBIX omieToB (J0) ¢
UCIIONIb30BaHUEM BBICOKOTO AaBieHus (B/l) mo3BoiuT mpou3BOAUTH MPOJAYKT C BHICOKUMHU
MOTPEOUTETHCKUMH CBOMCTBAMU ITPU MUHUMAJIBHBIX 3aTpaTax.

Martepuansl u Metoabl. Vccnenyemblil npoaykrt - SO - cMech XKHUIKOTO KypHHOI'O
Silla ¢ TEepPThIM WIM MEJNKO Hape3aHHBIM CHIpOM (WM JPYTUMH HWHIPEIUCHTAMH),
KCaHTAHOBOW KaMeJlu, BOAOW WU MojokoM, crieuuid. [Ipouecc npousBoacta SO cocrosin
U3 YINAKOBKM CMECH B T€PMETHYHBI KOHTEiHep, HarpeBa W OOpabOTKM B YCTaHOBKE
BbIcOKOro aamieHus. ['omHocTr SO K ANMUTENFHOMY XpaHEHUIO OLEHHWBAIN MOKa3aTeleM
«aKTUBHOCTH BOAbI». KauectBo IO oleHMBaM SKCHEPTHBIM MeETONOM. J{JIsi momydeHwus
ONTHMAJBHBIX IapaMeTpoB Tmporecca ObUI TNPUMEHEH METOA  HEeOIpeelIeHHbIX
MHOXHUTeNnen Jlarpanxa.

Pe3yabraTtbl. Pa3paboTana onTHMU3alMOHHAS MOJIENb, KOTOpAsl TO3BOJIUIIA TTOTYIHTh
ONTHMaJbHBIE Tapamerpe mnpouecca obpadorku SO BT: naBnenne - 690 Mlla,
Temriepatypa - 122°C, npopomkurensHoCcTh 00padotku - 7%60c, 14 T Bomsl Ha 100 r
Menanxa, 13 r cyxoro monoka Ha 100 r menaHxa, comep)kaHHe KCAaHTAaHOBOM KaMeau -
0,75% ot obmeii mMaccel cMmecu, 25 T ceipa Ha 100 T Menamka. J[aHHBIC MOKa3aTeIH
rapameTpoB IIpolecca MO3BOJSIIOT MoayduTh SIO ¢ mokazaTensMu: aKTHBHOCTH BOJBI -
0,704 1 xoMILJIEKCHBIM MOKa3aTenb kadecTsa - 0,98, XapakTepHU3yromuX 3TOT NMPOAYKT, KaK
MPOAYKT C BBICOKUMU KA4eCTBEHHBIMU TIOKa3aTelIsIMU, CTaOMJIbHBIMH B TEUYEHHE
JUINTENBHOIO CpPOKa XpaHEeHWs. AHaiu3 pa3pabOTaHHOH MOIENH C HCIONb30BAHUEM
kputepueB CrbronieHTa, ®uinepa, TUCIENCHH W pacyeT OUIMOKH NMPOTHO3HOTO 3HAYEHHS
MapamMeTpoB ONTUMH3AIWH ITOATBEPIUIIN HaJeKHOCTh MOJTYYEHHBIX 3HAUSHUH ITapaMeTpoB
OINITUMU3AIMY U JIOCTOBEPHOCTh ONTHMU3AIMOHHONW MOJeNu. Pe3ynbTaThl BEIYUCICHUH 1O
NPUBENICHHBIM [apaMeTpaM ONTHMHU3aIMM, MpPEACTaBICHb B BUJE JIOBEPHUTEIHHBIX
WHTEPBAJIOB, MOATBEPKIAIOT, YTO HMX OSKCIEPHMEHTAIbHBIC 3HAYCHUS HE BBIXOMAT 3a
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NpesieNibl  COOTBETCTBYIOIIMX ~ MHTEPBAJIOB U,  CJIEJIOBATENbHO,  MOATBEPIKIAIOT
JIOCTOBEPHOCTb MOJY4EHHBIX PE3YIbTaTOB.

BoiBonbl. TlomydeHHble pe3ynbTaThl OBLIM TPHHATHI 33 OCHOBY IIpU pa3padoTKe
HOPMAaTHBHO-TEXHUYECKON JoKyMeHTanmud Ha SO uMTenhbHOrO0 CpoKa XpaHeHus H
MIPOEKTUPOBAHUN TEXHOJOrH4YecKoro obopynosanus BT st peanuszanuu sToro mnporecca.

KaroueBble cioBa: siiyo, omaem, xpanenue, 0agienue, akmueHOCMy, 8004.

Ooboramenue iforypra HaTypPaJbHBIMHM NPOAYKTAMHU MMYEJI0BOCTBA

Heonmua Jlomosa', Cepreit Hapixasiit',Onbra CHeKKo'.
1 - Benoyepro6ckuil HAyUOHAILHYBIL azpapHblil yhueepcumem, 2. benas lleproesv, Yxpauna
2 -HayuonaneHulil ynugepcumem 6Uopecypcos u npupooonoib306anus Yxpaumol,
Kues, Yxpauna

Beenenue. licnonp3oBaHWe NUENUHON MBUIBLBI B COYETAHWH C IOMYJISPHBIM
(YHKIIMOHAIBHBIM KHCIIOMOJIOYHBIM ITPOAYKTOM — HOT'YPTOM, ITO3BOJIUT PacUIUPUTH €ro
aCCOPTHMEHT U MOBBICUTH OMOJIOTMYECKYIO IIEHHOCTb.

Matepuanbl u Meroanl. OrmpezenceHue Biard B 4YeThIpeX o0Opas3uax IMMYeTHHON
MIBUTBLBI, BBICYIIEHHOH 1O pa3HOM BIAKHOCTH, OCYIIECTBIISUIOCH T'PaBUMETPUYECKHM
METOJIOM, KOTOpBIi OCHOBaH Ha TOTEPH Beca o0Opas3lia B pe3yjibTaTe BBICHIXaHUE M0
MOCTOSIHHOW Macchl. ONBITHBIN M KOHTPOJIBHBIM 00pa3iibl HOrypTa UCCIEAOBAUCH MTyTeM
MIPUMEHEHHUSI CTAaHIAPTHBIX MHUKPOOHMOJIOTMYECKUX aHAIIM30B IUISI MOJIOKA U MOJIOYHBIX
MIPOJYKTOB.

Pe3yabraThl M 00cyxkneHue. BricymBaHue muennHON OOHOXKH JIO BIAXXHOCTH 2 -
4% TIpUBOIUT K MOBBIIIEHUIO CHITYYECTH Mopomrka noutd Ha 90 %. O0paszer BIaXXHOCTHIO
2 % Oyzner uMeTh HacBITHYIO Maccy Bbilie Ha 12,5 % Hexenn obpaser; 10 % BIa)KHOCTH.
Beixox ceipbs Takoke yBenuuutcs Ha 3,7 %. O0beMHas IIIOTHOCTh, MaccoBast IOJs [OTEPh,
HANpPOTHB, YMEHBIIATHCS, YTO HMEET I[IO3UTUBHOE BIUSHUE Ha O(PQPEKTUBHOCTH
WCIIONIb30BaHMs U paclpe/ieieHus MbUIbIBl B Macce Horypra. [Ipm uem, maccoBast nois
MOTEPb CHU3HUTCS OoJbIle YyeM B 4 pasa (4,6 % npotus 1 %).

[Tpu1BLIa MOXKET YXYIIIATH MUKPOOHOJIOTHYECKHE XapaKTEPUCTHKH Horypra.

O0paboTka 00pa3ia U3MeIbUeHHON IMYETMHOW OOHOXKKH YIbTPa(roiIeToM MO3BOIHUT
YAY4IIUTH MUKPOOHOIOTHYECKHE TT0Ka3aTenu O0e30MacHOCTH HorypTra, a UIMEHHO, CHU3UTh
Hanuue Komudopm 10 0, Hammume mieceHH - 10 10 KOE/ev’.

BuiBonbl. IlpemioxkeHHbI cnocod 00paOOTKM IMMYEIHMHOW OOHOXKH TO3BOJISET
YAYYUIUTh TEXHOJIOTHYECKHE U MUKPOOUOIOTHUECKHE ITOKAa3aTeN! MOPOIIKa MbUIBIBI. JTO
MO3BOJISIET HMCIIOJIh30BaTh €€ B OMOTEXHOJOIMHU IIPOM3BOJICTBA HOr'ypTa C HAaTypabHBIMU
MPOJYKTaMH TYEJIOBO/ICTBA.

KnroudeBble c10Ba: nuLivya, NOPOULoOK, Ho2ypm, MUKPOOUOIOUSL.
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BuotexHosormsa, MMKpobuonorus

Baunsinue yriiepoacoaep:kaiiero cbipbsi Ha MPOXYIHPOBaAHNE OMOMAaCChl MUKpPOrpu6a
Blakeslea Trispora

JInmus MI/IpOHeHKOI, JInmus KpI/IlIKOBCKaHI,
Banentun OnuiueBckuit’, Auapeit Mapuaun’
1 - HayuonanvHolil mexnuueckuti ynugepcumem « XapbKo8CKull NOIUMexHUYecKuil
uncmumymy, Xapvkos, Ykpauna
2 - Hayuonanouwiii ynusepcumem nuwesvix mexnonocuti, Kues, Yxkpauna

BBenenme. lcciemoBaHO BIUsHHE THAPATHPOBAHHBIX (YUICPEHOB Ha CTEMEHb
HAKOILICHUS OMOJIOTUYECKH aKTHBHUX BEIIECTB MUKPOTrprOoM Blakeslea trispora.

Marepuanbl U MeToabl. [IpOBOAUIOCH OMpeeieHne KHPHO-KHCIOTHOTO COCTaBa B
Ouomacce aMHHOKHCIOT, KAapOTHHOWUJOB H CTEPONIOB C HCIIOJB30BAHHEM METOMIOB
BBICOKO3()(DEKTUBHON KMIKOCTHOW Xpomarorpaduu, aacopOIMOHHON M pa3aeiuTeIbHON
xpomatorpadud B TOHKOM  clioe  copbeHTa H  CHEeKTpO(OTOMETPHYECKOTO;
IPaBUMETPHUUYECCKIM METOIOM; METOJIOM MPSIMOTO CIIEKTPO(GOTOMETPHPOBAHHS B OEH30JIE.

Pesynbratbl.  [IpuMeHeHHe  THAPATHPOBAHHBIX  (Y/UIEPEHOB B Cpene
KyJIbTUBUPOBaHUsS MHKporpuba Blakeslea trispora crmocoOCTBOBAJO — YBEIHUYEHHUIO
HAKOILICHUSA B OMOMAacce KOJMIecTBa kapoTuHa Ha 32,3 %; acmapariHOBOM, MTYyTaMUHOBOMN
KHUCTIOT U JICUIIMHA.

V3MeHeHre COOTHOIICHHS YTaepoia K a30Ty 3a CUeT BHECEHUS B MIUTATEIBHYIO CPEy
KYJIbTUBHPOBaHUs MUKporpuba Blakeslea trispora tuapaTHpoBaHHBIX (YIIICPCHOB HE
MOBJTUSIIIO HA AMHHOKHCIIOTHBIH COCTAaB €ro GHOMACCHI.

[MonmyveHHbIE TaHHBIE XUPHO-KUCIOTHOTO COCTABA JHITHIHONW (paKIHH MHKpOrpuda
Blakeslea trispora CBUAETENBCTBYIOT O 3HAYHTEIBHOM TMPEOOIaJaHUM HEHACHIIICHHBIX
KUPHBIX KHCJIOT M, TEPCIEKTHBHOCTh HCIIONB30BaHUsI Onomacchl Mukporpuba Blakeslea
trispora Kak MCTOYHHKA OWOOTMYECKHM AKTHBHBIX BEIIECTB Ul CO3JaHHS HOBBIX BHJOB
MPOAYKIIUH TPOPHIAKTHIECKOTO NEHCTBHS.

KiroueBbie citoBa: kapomunouo, ouomacca, muxpoepu6, bAB.

Pancosblii gochaTnaHblii KOHIEHTPAT B TEXHOJIOTMAX CHHTE3a MOBEPXHOCTHO-
AKTHBHBIX BelIeCTB AKTUHOOAKTEPUAMU

Hartanes Kopeukas, Mapesna [psicrait, Enena Kapnenko
Omoenenue Qusuxo-xumuu 2oproyux uckonaemvix Un®OB um. JI. M. Jlumsunenxo
HAH Ykpaunul, Jlveos, Ykpauna

Beenenue. B cBsizu ¢ TeM, 4TO MPOM3BOACTBO MUKPOOHBIX MOBEPXHOCTHO-aKTUBHBIX
BemiectB (0uolIAB) muMmuTHpYyeTCS HHU3KUM BBIXOJOM IIEJIEBBIX MPOJYKTOB M BBICOKOW
CTOUMOCTBIO TIPOLIECCOB, AaKTyaJbHOM 3ajadell SBISETCS ONTHUMU3ALUSA M CHIDKEHUE
cTOMMOCTH TexHosoruii OuolIAB. OxgHuM H3 myTeid penieHus JTaHHOW MPOOJIEMBI SIBIISIETCS
UCIIONIb30BAaHUE OTXOAOB MPOMBIIUICHHOCTH, B YaCTHOCTH pamncoBoro ¢ocgaTtumaHoro
koHueHnrtpara (OK).
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Marepuaabl U MeTOABbI. B KauecTBe MCTOYHHKOB yIiiepoa B COCTaBE IMHUTATEIBLHOU
cpelpl A1 KyAbTHBUPOBaHUS mTaMMoB G. rubrupertincta YKM Ac - 122 u R. erythropolis
Au -1 wucmonmp30BaNM TEKCAZCKaH WK parncoBbii (Qocdartumnbiii koHieHTpaT (2%).
JIumupr 3KkCTparupoBaii U3 KJICTOYHON MacChl U CyIIepHATaHTa KYJIbTypalbHOU YKHIKOCTH
cMechbio  xjopodopM-meranon 2:1. KadecTBeHHBIM aHamW3 METaOOJIMTOB IPOBOIIIN
METOZIOM TOHKOCJIOHHOM XpoMaTorpaduu.

PesynbraTnl m o6cy:kaeHue. M3ydensl ocobeHHOCTH cuHTe3a OMOIIAB mrammamu
G. rubrupertincta YKM Ac-122 u R. erythropolis Au-1 npu BbIpalMBaHUHM Ha
MMUTATEILHOM Cpele C pamncoBbIM (poChaTUIHBIM KOHIICHTPATOM KaK MCTOYHUKOM
yriepoaa. KommuectBo ACH cocrasisuto 9,38-10,1 r/i, ex3omonucaxapumos — 8,9-9,5 /i,
KJICTOYHO-CBA3aHHBIX TpPErajo3omunumoB — 1,37-2,26 1/1; mnpudeM KOHIICHTPAIUSI
9K30T€HHBIX TPErajo30JIMITUA0B — MeTa00NMUTOB R. erythropolis Au-1 coctaBuio 2,95 /1.
Y CTaHOBIIEHO, YTO NMPH BHECCHWH B MUTATEIBHYIO CPEIAy PacTBOpa TPErajO30JIUIUIOB B
konnentpamuu 0,01 r/n kommyectBo ACH yBenmuuBanoch Ha 14,6-17,0%, KiIeTO4YHO-
CBSI3aHHBIX JTUNUA0B — Ha 13,9 - 15,5%.

BoiBoabl. ParcoBelif ¢pochaTuHbIN KOHIIGHTPAT SBISCTCS SKOHOMHUECKH BBITOTHBIM
HCTOYHHUKOM  yrjepoja  JJIsi  TEXHOJOTHH  TOBEPXHOCTHO-aKTHBHBIX  BEINECTB
akTUHOOakTepuil. Ero wucmonmp3oBaHMe CIOCOOCTBYET — IOBBINICHHIO — COACPIKAHHS
sk3oreHHbIXx [IAB mramma R. erpthropolis Au-1 B 3 pa3a 1O CpaBHEHHIO C
KYIbTUBHPOBAHMEM Ha IIMTATCIBHOW Cpelde C TeKCaJeKaHOM. T perajo30JHITUIbI
MPOSIBJIIOT CTUMYJIUPYIOIIeE BIMSAHHE Ha POCT M cuHTe3 OuOlIAP mrammamu G.
rubripertincta YKM Ac-122 u R. erythropolis Au-1.

KuroueBnie ciioBa: Gordonia, Rhodococcus, 6uollAB, gpocpamuonuiii konyenmpam.

Mpoueccbl 1 060pyaOBaHME NULLEBbIX NPOM3BOACTB

Biausinne KOHCTPYKTUBHBIX IapaMeTpPoOB pOTaHl/IOHHOﬁ CYIIWJIKHA HA CYIIKY CEMSH
noACOJTHCYHHUKA

Poman SIko0Ouyk
Hayuonanvnwiii ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

Brenenue. C 11e1p10 YCOBEPIICHCTBOBAHMS MIPOIIECCA CYIIKH CEMSH ITOICOTHCYHUKA B
armapaTtax pOTAI[IOHHOI'O THIIA MPOBEIACHO MOMICITMPOBAHUE TEXHOJOTUUCCKUX IMPOIECCOB
B HUX C HCIIOJIh30BAHUEM MPOrPAMMHBIX CPEICTB KOMITLIOTEPHOTO MOICITUPOBAHHS.

Marepuaiabl 1 MeToIbl. MOICIMPOBAHUE MPOIECCa CYIIKH CEMSIH MOICOTHEUHUKA
MIPOBOJIMIIOCH HA OCHOBE METOJa KOHEYHBIX DJIEMEHTOB C IPUMEHEHHEM MPOrPaMMHOIO
makera Flow Vision ¥ MeTO[0B MaTeMaTU4ECKOM CTATUCTUKU.

PesynbraTnl. [lomyueHHbIE MaTEMAaTHYEeCKHE MOJICIH ITOKAa3BIBAIOT 3aBUCHMOCTH
JABJICHUS TEIUIOHOCHUTENS (BO3AyXa) B CYIIMIBHOW KaMepe POTAIMOHHOW CYIIMJIKHA OT
CKOPOCTH TEIUIOHOCHUTENS, JKUBOIO CCUCHHS TIa30pacIlpeleUTeIbHON pEIIeTKH H ee
COMPOTHUBJICHUS W 3aBUCHMOCTh IPOMODKHTEIBHOCTH  MpPOIecca CYIIKH — CeMSH
MTOJICOJTHEYHHKA OT K03 (HHUIMECHTA 3alOJHEHUs CYNIMIBLHON KaMephl U ee 00beMa, a TaKKe
OT KOHEYHOH BJIIAKHOCTH MaTepHaa.
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ITomyyeHO paBHOMEpPHOE pPACIpPEAENEHHE IABJICHHSA TEIUIOHOCHTENS B CYLIWIBHOMH
KaMepe POTAlMOHHOM CYNIMIIKH, 4TO 00ECIIeYMBAET IIOCTOSIHHYIO BBICOTY KHITAIIETO CIOS
CEeMSIH IIOJICOTHEYHHUKA U KaYECTBEHHOE €r0 BBHICYIIIBAHUSL.

YcoBepieHCTBOBaHA KOHCTPYKIMS POTAIMOHHON CYNIMJIKH, a MMEHHO: O0ecreveH
TaHTeHIMAJIbHBIA IOJBOJ] TEILUIOHOCHTEINSI M YCTaHOBJEHA CIHPaJICBHIHAS IEPEropoiKa
IOJl Ta30paclpeleNUTeNIbHON PElIeTKOM, KOTopas PpaBHOMEPHO paclpeiensieT ero B
CYLIMJIBHON KaMepe.

BeiBoabl. Pe3ynbTaThl MccieqoBaHUs ILiefecooOpa3’HO HCHONB30BaTh HpH BHIOOpE
PEKUMOB CYIIKH Ha dTaIle MPOEKTHPOBAHUS CYIIMIEHOTO 000pYAOBaHUSI.

KunrodeBble c10Ba: n00connyx, cywka, pomop, CywuiKa.

Mone.ﬂnponalme ABUKCHUA YaCTHIBI B animnaparax ¢ BEpTUKAJIbHbIM
CCKIIMOHUPOBAHUEM paﬁoqero MpPoCTPAaHCTBA

Hanexna ApTIOXOBal, Huxkomnaii IOXI/IMeHKol,
Anexcannp Illanmei6a’, Aptém ApTioxos'
1 - Cymckuit 2ocydapcmeennwiil ynugepcumem, Cymol, Yrpauna
2 - Cymcxuil Hayuonanvuuli acpapusiti yuueepcumem, Cymol, Yxpauna

BBe)IeHI/Ie. AKTyaJ'ILHOCTL TEMBI O6yCJ'IOBJ'IeHa INUPOKUM TMPHUMCEHCHUEM allllapaToB
B3BCIICHHOT'O CJIOA B IpoLeccax TepMI/I‘IECKOﬁ O6pa6OTKI/I JAUCHCPCHBIX MAaTEPpUAJIOB.

MaTepHaJ'lbI )/ M€ETOAbI. ABanuTnyeckue HUCCJICAOBAaHUA IIPOBCACHBI C
HCIIOIb30BAHUEM KIIACCHUECKHUX ITOJIOKEHUN MEXaHHKHU KHUJIKOCTHU MU rasa " TEXHUYECKOM
TUAPOMEXaHUKHU. Dusnueckmii OKCIICPUMCHT OCYIIECTBJICH Ha OIBITHO-IIPOMBIIIIICHHOM
o6pa3ue MHOT'OCTYIICHYATOT'O ITOJIOYHOI'O amrapara.

Pe3yJ'leaTbl. Pa3pa60TaHa MaTeéMaThudeCKass MOJACIb [JId pacdy€rta BpPEMCHU
Hpe6HBaHI/IH YaCTUllbl B IIOJIOYHOM  alrapare, e€ aJeKBaTHOCTH MOATBCPIKACHA
pe3yjIbTaTaMi 3KCIEPUMCHTAJIbHBIX PICCJ'IeZ[OBaHPIfI. MOZ[CJ'H) MOXET OBITE MpUMEHEHA i
pacyeTa npouecCoB CYUKH, OXJIAXKIACHUA I'paHyJINnPOBaHUA.

BpeMH HpeGHBaHI/IH OZ[HHO‘IHOﬁ HaCTUIbI HA I1I0JIKC B pa60qu PEKUME COCTABJIACT OT
2 a0 20 CCKYH B 3aBUCHUMOCTH OT KOHCTPYKTHUBHOI'O HCIIOJTHCHHS IIOJKH W CKOPOCTHU
ra30BOro IOTOKa. HpI/I HaJIMYUKW B3aMMHOI'O BJIMAHUA YaCTUI[ BpEMA HUX HpeGHBaHI/IH Ha
TMOJIKC YBCIWYHUBACTCA B CPCIHCM B 40 pas. I[J'IH peKuMa ABHIKCHHA YaCTUIbI BO
B3BCIICHHOM CJIOC (CTeCHéHHOE I[BI/I)I(EHI/IE) MaKCUMaJIBHOC BPEMS MOKET COCTABJIATE 10O 20
MHHYT. H3MeneHue yrjia HaKJIOHa ITOJIKK 1 €€ JJIMHA UMCIOT HE3HAYUTCIbHOC BJIHUAHUEC I10
CpaBHCHUIO C U3MCHCHUEM THMAPOAMHAMHYCCKOIO PpEKHUMa ABUKCHHA I'a30BOI'O IMOTOKA.
KOHCprKHI/IH MOJIKM 3HAYUTCIIbHO BJIMACT Ha BPEMS Hpe6HBaHI/IH YacCTUllbl B almapare
TOJIBKO B PCKHUME CXKATOIO JABUKCHUA. TeOpeTI/I‘IeCKI/I 1 OKCIICPUMCHTAJIBHO 000CHOBaHO
HaJIMYMEC pa3jINIHbIX PCKUMOB paGOTH IIOJIOYHOTI' O aIrmapara.

BBIBOJIBI. VcraHoBieH MCXaHHU3M BIIMSHUA KOHCTPYKIHNHN ITOJIKH u
TUAPOAVMHAMHUYCCKOTO pPEXKHUMa JABWKCHUA Ta30BOro IIOTOKAa Ha BpeMA HpeGHBaHI/IH
YaCTUllbl B MHOI'OCTYIICHYATBIX TPaBUTALIMOHHBIX IIOJIOYHBIX allliaparax. Pe3yJ'H>TaTLI
I/ICCJ'ICI[OBaHI/Iﬁ ITOJIOKCHBI B OCHOBY MCTOAMKHU HMHKXCHEPHOI'O pacyeTa O60pyZ[OBaHI/IH (¢
BEPTUKAJIBbHBIM CEKIMOHUPOBAHUEM pa60qero IpOCTpaHCTBA.

KuarwueBble ciioBa: 06[%1601’1’!7('(1, CeKYyUuoHuposarnue, nojka, yacmuya.
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Bbe30nacHOCTb Xu3HeaeaTeIbHOCTU

COBpeMeHHbIe ACHEKTHI OXPaHbl TPyAa HA NPECANIPUATHUAX MSICHOI NPOMBINUICEHHOCTH

Onpra EBtymenko, Anuna Cupuk
Hayuonanvnwiti ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

BBenenne. AHanM3 pUYMH  TpaBMaTtu3Ma ~Ha  MsicomepepadaThIBaloONINX
NPEANPUATHAX TO3BOJISIET pa3padoraTh o00OCHOBaHHbIE U 3((EKTUBHBIE CIIOCOOBI
NPO(QUIIAKTHKY U CHIDKEHHUS PHCKA TPaBMaTH3Ma paOOTHHKOB.

Matepuanbl u mMertoasl. [Ipu mpoBeneHWH WCCIEIOBAaHUN HECHUACTHBIX CIIy4aes,
KOTOpBIE BO3HUKIM Ha MPEANPUITUSX MSICHOH MPOMBINIICHHOCTH YKpPaWHBI 32 MEPHOI C
2003 r. mo 2013 r., ans ompeneneHus OONMIMX TEHISHLWH TpaBMaru3Ma B MSICHOU
MPOMBIIICHHOCTH TNPUMEHEHbl METOJbl CTATHCTHYECKOTO aHajih3a W  alpUOpHOro
pamKHpOBaHUs (PAKTOPOB IO Pe3yJbTaTaM HKCIIEPTHOTO OITpoca.

Pesyabratel m o6cyxaeHue. [IpoaHamM3HpPOBaHO COCTOSIHUE MPOU3BOACTBEHHOIO
TpaBMaTu3Ma B MSICHOW NPOMBIIUIEHHOCTH YKpauHsl 3a mepuox c¢ 2003 r. mo 2013 r.
[IpencraBneHsl pe3ynbTaThl aHANIW3a paclpelesieHds CIydaeB IPOU3BOACTBEHHOTO
TpaBMaTH3Ma OT OOOpYyJOBaHHs, MAIIMH, MEXaHW3MOB, TPAHCIOPTHBIX CPEJCTB,
SKCIUTyaTalMsi KOTOpBIX TIpUBeNla K HECYacTHOMY cly4aro. BrlsgBieHsl HauOosee
pacrpocTpaHeHHbIe TpaBMUpylolue (GakTopbl U Ipodeccuu B MSCHOW NPOMBIIUIEHHOCTH
VYkpauHbl. BONBIIMHCTBO TPaBMOOMACHBIX CUTYallMd B MSCHOH IIPOMBIIIIEHHOCTH
00YCIIOBJIEHBI HECOBEPIICHCTBOM 3alllUTHBIX OrPaXKACHUH [BIDKYIIUXCS 3JIEMEHTOB
obopynoBanust (26%), OTCyTCTBUEM OJOKUPYIOMIUX YCTPOHCTB MPUBOAOB CTALMOHAPHBIX
MarvH (9%), HercnpaBHOCTRIO aBuratesst (3%).

BoiBonbl.  PesynmbTaThl  HMCCIENOBaHUS — PEKOMEHIYEM  HCIONB30BaTh MU
COBEpIIEHCTBOBAHUH MPOEKTOB YIPABIECHYECKUX PEUICHHH M0 o0ecrieueHuo 0e30macHbIX
YCIIOBHI TpyZa paOOTHUKOB MsicONepepadaThIBAIOIINX TPEIIPHSTHIH.

KunroueBsble cioBa: Oesonacrnocmy, mpyo, mpasmamusm, pUck, MAco, npeonpusmue.
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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 (15-20 lines). 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).

NTLO 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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IINAHOBHI KOJIEI'I!

Penakuiiina xojeris Haykooro nepioguunoro Buaanusa « Ukrainian Food Journaly
3anporrye Bac 1o myOmikallii pe3yapTaTiB HAyKOBUX JOCIIIKEHb.

Bumorn 1o opopmiieHHs cTaTei

MoBH cTateii — aHIITIAChKA, YKpaiHChKa, poCifchbKa

PexomenoBanuii oocsar crarti — 8-15 cropinok hopmaty A4.

CraTTsl BUKOHYEThCS B TEKCTOBOMY peaakTopi Microsoft Word 2003, B ¢popmari *.doc.
Jlns Bcix enementiB cratti wpudt — 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;: [leHuc O3epsiHKO).
4. Yemanosa, 6 saxiil sukonana poboma.
5. Adoramis. PexomengoBanuii oOcsar aHoTamii — MiB CTOPIHKW. AHOTalis HNOBHHHA
BIJIMOBIIaTH CTPYKTYpl CTaTTi Ta MicTHTH po3aimu Beryn, Marepianmm 1 Mmeronw,
Pe3ysnbraTn Ta 00roBOpeHHs, BucHOBKH.
6. Kirtouosi cioBa (3-5 ciiB, ajie He CIIOBOCIIONYYEHB ).

IIyHkTH 2-6 BUKOHATH aHIIilCHKOI0, YKPATHCHKOIO TA POCiliCbKOI0 MOBAMH.
7. OcHOBHHII TEKCT CTaTTi. Mae BKIIIOYATH Taki 000B’SI3KOBI PO3ILIH:
Beryn
Marepianu Ta MeTOu
Pe3yibraTn T2 0OrOBOpEHHS
BucHoBkH
Jliteparypa.
3a HeoOXiqHOCTI MOXKHA JTOAABATH iHIII PO3/iNIK Ta PO30MBATH IX Ha IiIPO3ALIH.
8. ABTopchka moBinka (IIpi3Buie, iM’st Ta IO 6aTHKOBI, BUSHUH CTYIiHb Ta 3BaHHS, MICIIe
pobotH, eleKTpoHHa aapeca abo TenedoH).
9. KoHTakTHi aHi aBTOpa, JI0 AKOTO 32 HEOOXITHOCTI Oy/e 3BEepTATUCH PENAKIIis KYpHAITY.

PucyHkn BHKOHYIOTbCS sikicHO. CKaHOBaHI PUCYHKM He NpPHUHMarOThCs. 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 (aiinax.

CkopoueHi Ha3Bu (DI3MYHUX BEJMYMH B TEKCTi Ta Ha rpadikax MO3HAYAIOTHCA JIATHHCHKUMU
niTepamu BianoBinHo 1o cuctemu CL

B crnucky sitepaTypu NOBHHHI IepeBakaTH CTarTi Ta MoHoOrpadii iHO3eMHHX aBTOpIB, SKi
omybunikoBasi micis 2000 poky.

JonaTkoBa indopmanisi Ta npukiiag opopmJaeHHs CTATTI — HA calTI
www.ufj.ho.ua

CTaTrTs HAJACUJIAETHLCS 32 eJIEKTPOHHOI0 anpecoro: ufj nuft@meta.ua
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OdopMIeHHs CNUCKY JliTepaTypu

HayxomerpuuHi 0a3u BU3HA4YalOTh PEHTHHT SIK XKypHAILY, TaKk 1 OKPEMHX aBTOPIB 3a KUIBKICTIO
MOCWJIaHb Ha CTarTi. ENEeKTpOHHI CHCTEMH ONpalbOBYIOTh KOKEH €JIEMEHT CIIMCKY — aBTOpiB, Ha3BY
CTaTTi Ta BUAAHHS, HOMED, PiK Ta iHIII €JIEMEHTH.

VkpaiHCbKi CTaHIApTH nNependadaroTh CKIaJHI BUMOTM 10 OG(GOpPMIICHHS IIOCHJIAaHb Ha
niteparypy. Taki HNOCHIaHHA HE MOXYTb ONPallbOBYBATHUCh HAYKOMETpHUHMMHM Oazamu (Scopus,
Index Copernicus, EBSCO, Google Scholar, Web of Science Ta in.). L{i 6a3u cnpuiimaiors npocre
o(hopMIICHHS CIIUCKY, €3 KOCHX JIiHIH Ta 3aiiBUX €JIEMEHTIB.

B cBiti BiacyrHi enuHi npasmia ohopmileHHA nocuiaHb. HaykoBi BHA@HHS po3poOIIIOOTH
BJIaCHI BUMOrM O(OPMIICHHS IOCHIIaHb, alle 3a3BHYail y3roKylOTh iX i3 3arajJbHONPUHHATHMU
Bumoramu American Psychological Association, Council of Biology Editors, Citation-Sequence,
Chicago 16th Edition, Harvard, Harvard - British Standard, NLM - National Library of Medicine ta
IHIIMHU.

Bci Bu3HaHI CBITOBI cTaHmapTu nependadaloTh OQOPMICHHS CIHCKY JITEpaTypH JIHIIe
JIATUHCBKMMH cuMBoiamu. [Ipum odopmileHHI NOCHIaHb Ha JUKEpela, HalUCaHi KUPUIIMIEIO,
HEoOXi/IHO MPOBOAUTHU TpaHcaiTepauito. Kopucryrounck nporpamMamMu TpaHcliTepanii, ClIii yBaXHO
BKa3yBaTH, 3 SIKOI MOBH IIPOBOAUTHCS TPAHCIITEpallish — yKpPaiHCHKOI UM POCIHCHKOI. 3aCTOCOBYIOUH
crieniaJibHe IporpaMHe 3a0e3NedeHHs Uil TpaHCliTepalii 3 yKpaiHChbKOi MOBM BHKOPHCTOBYEMO
mume IMacmoprauii (KMY 2010) tun Tpancnitepauii, a 3 pociiicekoi — tun MBJI, B skux
BUKOPHCTOBYIOTBCS JIMIIIE CUMBOJIM AHIJIIHCBKOro andasity.

Jlis 3a10BOJIEHHST BUMOT SIK YKPaiHCBKHMX CTaHIApTIB, TaK 1 BU3HAHUX B HAYKOBOMY
cepeoBUILI HAYKOMETpHYHX 0a3, peakiiiiHa KOJIerisl IPOCUTh aBTOPiB 0OPMITIOBATH ABA
CIUCKH JIiTepaTypu — 3TiJHO YKpaiHCBKOTO CTaHOapTy, Ta 3TiIHO BUMOT, OINHCAaHHX
HIDKYE.

1. IlocuiaaHHS Ha CTATTIO.

ABTopu (pik Buaanusi), HazBa crarri, Hazea scypnany (kypcusom), Tom (Homep),
CTOpPIHKH.
Bci enemenTy micist poky BUAAHHS PO3AUISIOTHECS KOMaMU.

[puxnan:
YxpaiHCbKHIi cTaHaApT Cranpapt Harvard
IMupor T.I1. Bukopucranus MiKpoOHHX Pyroh T.P., Konon A.D., Skochko A.B.
MIOBEPXHEBO-aKTUBHUX PEUOBUH Y (2011), Vykorystannia mikrobnykh
6iomorii Ta meaunuHi / T.I1. Tupor, A.Jl. | poverkhnevo-aktyvnykh rechovyn u biolohii
Konon, A.b. Cxouko // BiorexHomnorist. — | ta medytsyni, Biotekhnolohiia, 4(2), pp. 24-
2011.—T. 4, Ne2. - C. 24-38. 38.

2. TIlocuiaaHHS HA KHUTY.
ABTopu (pik), Hazea knuzu (kypcueom), Bunapuuurso, Micro.
Bci enemMeHTH MiCIs pOKY BUIAHHS PO3IIISIFOTECS KOMaMH.

YxpaiHCbKHIi cTaHaApT Cranpapt Harvard

PaesueBa O.B. YpaBiiHHS PO3BUTKOM Raievnieva O.V. (2006), Upravlinnia
i IPHUEMCTBA: METOJIONOTSI, MEXaHI3MH, | rozvytkom pidpryiemstva: metodolohiia,
Moxeni: Monorpadis / O.B. PaeBHeBa. — mekhanizmy, modeli, Kharkiv.

Xapkis, 2006. — 496 c.
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3. IMocuiaaHHs Ha eJIeKTPOHHHUIA pecypc.

BukoHyeTbCsl aHaIOTiYHO TTOCHIIAHHIO Ha KHUTY a00 crartio. [Ticis opopmieHHs
JIaHUX Mo MyOIiKamito MUIIyThes cnoBa available at: Ta Bka3zyeTbcs eJeKTpoHHaA ajpeca.

[Ipuknaa moCUIIaHHS HA CTATTIO 13 CJICKTPOHHOTO BUIAHHS:
Barbara Chmielewska (2012), Differentiation of the standard of living of families in
countries of the European Union, Ukrainian Food Journal, 2(2), pp. 230-241, available at:
http://ufj.ho.ua/Archiv/UKRAINIAN%20FOOD%20JOURNAL%202013%20V.2%201s.2.
pdf

[Mpuknan mocunanHs Ha MyOIKaIiIo 13 €JIeKTPOHHOTO BHIAHHS:
(2013), Svitovi naukovometrychni bazy, available at:
http://www1.nas.gov.ua/publications/q_a/Pages/scopus.aspx

Ipukaan odpopMieHHs CHUCKY JiTepaTypu:
Jlitepatypa

1. Josraus JI.€., dynykano I'.O. ®opMmyBaHHS OopraHi3amiiiHO-eKOHOMIYHOTO MEXaHI3My
eQeKkTUBHOro ymnpasiiHHS mixnpueMmcrBoM [Emextponnmii pecypc] / JI.€. JloBraus,
I'.O. dynykano // Exonomiunmii BicHuk HTYY «KIII». — 2012. — Pexxum pmoctymy:
http://economy.kpi.ua/uk/node/376

2. WzmaitnoB C. Teopust skoHoMHueckux MexaHusmoB (HoOeneBckas mnpemust 1o
sxoHomuke 2007 r.) / C. Uzmaiinos, K. Conunn, M. FOnkeBuy // Bonpockl 5KOHOMHKH.
—2008. —Ne 1. — C. 5-27.

3. Jlysam 10.5. OpranizaniiiHO-eKOHOMIYHUA MeXaHi3M 3a0e3Me4YeHHs PO3BUTKY
arpornpoMHCIIOBOTO BHUPOOHHMIITBA YKpaiHH: TEOPETHKO-METOMONOTIYHHI achekT /
10.41. Jly3an // Exonomika AIIK. —2011. - Ne 2. — C. 3-12.

4. ®ecenko [.A. OpranizauniiiHO-eKOHOMIYHUIA MEXaHi3M YIIPaBIiHHSI PECYpCHUM
MOTEHINaIOM ByrienoOyBHUX mianpueMcTB / [.A. ®ecenko // BicHUK eKOHOMIYHOI
Haykd Ykpainu. — 2010. - Ne 1. — C. 138-142.

5. Aziz Karimov Economic Inefficiency and Shadow Prices of Inputs: The Case of
Vegetable Growing Farms in Uzbekistan // Procedia Economics and Finance. - 2013, —
Vol. 5, Pp. 403-412

6. Jinyou Hu, Xu Zhang, Liliana Mihaela Moga, Mihaela Neculita. Modeling and
implementation of the vegetable supply chain traceability system / Food Control. -
2013. - Vol. 30, Is. 1. - Pp. 341-353

7. Niels Fold State regulation of agro-industries in developing countries. Governance
systems in the vegetable oil industry of Malaysia and Zimbabwe / Geoforum. — 1998. —
Vol. 29, Is. 4. — 1998. - Pp. 393-412.
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